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Lue Subscribers o thig § or& are informed that in consequence
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The Historical IélSS. left by thiz edistinguished person, includin;
a large quantity in a ;tate ready for publication, but referring to an
epoch of tk; Histc:ry subsct;uent to the reign of Ehzabeth, have
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placed in the hanas of (Dr. Lardner, with a view to th‘e continu-
ance of t!:e «eWistory of England.” It is at present int;mled to
continue the Ilistory to the date atgwhich these MSS. commence,

at which point’ fﬁé? will be introduced.
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ADVERTJSEMENT.

Tur author of this teéatise w1§hes it to be stated,
that the following paragrapl@ m the original MS.
have been expunged by the edytor; #nd the para.«
graphs commencing svith the words, « That water,”
&c. p. 66., and cnding with the words « surround-
ing air, ascends,” p. 67., have been substituted by

him. .
e ““Another fact of the same tendency is the follow-
ing : —1f two flasks —one containing watgr, and

the other containing water holding some common
salt dissolvéd — be both exposed to the air when it
is below the freezing point, with a thermometer im-
emersed in each, the temperature of botp flasks will
sink to 32°: the salt water will continuc to sink
until it is much below the freezing point of pure
water, and, on account,/ of the salt, it will,not fr8eze :
the pure water, as soon as it arrives®at 32°, has a
tendency to freeze ® but it cannot doeso w1thout
first parting with that caloric whiah is the cause of
its fluidity. Accordingly, instead of cooling below
32° as the salt water did, it remains steadily at
32° and, at the same time, freezes; for the con-
cealed heat, now extricated, has becor#® sensible,
and consequently keeps the ice at that temperature ; |
although, but for this cause, the temperature must
A8



Vi ADVERTISEMENT.

have sunk in the same manner as that of the salt
water did. .

« Tlfat water does give out caloric in freezing, may
be proved by another strikifg experiment.— Let
two thin glass vesscls be‘procured, equal in every
respect : let a little pure water be pbured into one,
and over the water a little_olive-oil; let an equal
quantity of oil, without any water, be poured into
the other; and let both glasses be exposed to the
samc temperaturg,e below d20, It will, in some
time, be found that,the water has frozen; that the
oil wbove it'is stj}? liquid, although the oil in the
glass which contains no wated is frozen: and the
reason is, bocause the water, in freezing, gave out
so much heat as kept the oil liquid until that supply
was dissipated.” |
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PART L

CHAPTER 1.
INTRODUCTIUN.

:PHE several divisions of science which treat ‘of natural
phenomena are so intimately connected, and have so
many points of contact, that it is scarcely possible to
explain the principles of any one, without assuming
more or less of the results obtained in others. Che-
mistry stands peculiarly in this predicament. The
Jroperties of matter of which it more exclusively treats
are closely connected with the mechawical theory of
solids and fluids; and®they ar® no less intimately re-
lated to those depargments of physits in which the phe-
nomena of heat, light, and electricity are, developed
and explained. In complete and indepenflent treatises
on Chemistry, it has therefore been usual to gxplain, in
distinct chapters, so much of those parts of natural
philosophy as is considered most necessary and useful
to the researches of the chemical student. The ®resgnt
volume: forming part of a series comprising distinct
treatises upon those subjects, the introduction of any
detailed discussion upon them is less necessary. It has
been thought sufficient, in geners), to refer the,reader
to the volumes of this Cyclopedia which are specially
B
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devoted to these parts of science. Some brief" explan-
ation of the mechamca.l phenomena which will be
principelly alluded to, dnd, which are most closely con-
nected with chemlftry, is, however, mdlspensable ; and,
in particular, a somewhat exterided view of the phe.
nomeng depending’ upon heht has been considered ad-
visable. .
Matter, and allf physical agents, are known to us only
s
_ by their sensible cffects ; and when the notion of quan-
" tity is connected with thee, that quantity must always
be measured or estimated by some effect capable of
heing accurately anpreciated by experiment or observ-
ation. The physical cffects most intimately and uni-
veggally conected with matter are inertia and weight.
Inertia is the indisposition: or inability of matter to put
itself in motjon, or in any way to modify or change any
motion which it may kave acquired from an external
cause. In fact, it is that quality in which mere matter
is distinghished from life. It is the absence of all
ability for spontaneous change with respect to rest or
motiop. All experiment and observation prove that un-
organised matter possesses this quality; and, therefore,
that it will remain for ever at rest, unless it be put in
motion by the application of some external cause ; and,
if once put in motion, w1ll for ever continue to move,
unless somre exgernal agen_cy interferes to restore it to 4
state of rest.
1t,is proved by o’bservatmn also, that to put matter
in fuotion requires the exertion of a certain force; and
that to glve' the same motion to different masses of
matter requires the exertion of differentQegrees of force.
The quantity of inertia of a body is estimated by the
quantity of. for('é’necessary to put it in motion at a given
rate ; atd one body is said to have as much .inertia as
another, if the same impulse is eapable of commu-
nicating to it the same velocity. One body is said to
have twice or thrice the inertia of another, if it requires
twice or thrice the force to cause it to move with the
same speed.
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The quantity of matter is a phrase of frequent oc-
currence in all parts of physics; and it is highly ne.
cessary that the student shoqﬂha‘e a distinct ang well-
defined notion of its meanmg ; the ngore especially as
some confusion is freqiently crcatedr‘by definitions of
this phrase, founded on thdory rathe? than on opserv-

® ation.

The quantity Qf matter of a body is, then, dete:mmed
by its quantity of inertia ® and two bodies are said to
have equal quantities of matter, when they have equal
inertia. If the quantity of matter in onc body is said to
be twice the quantity of atter in awother, the meaning
is, that one has twice the inertia of the other ; gr, that
to give it the same motion will require thce the de-
gree of impelling force.¥ 'The mass of matter, or the
mass of a body, is also a term of frequent use. This
word mass is to be understood as synonymous with quan.-
tity : the mass of a body is, therefore, the quantzly of
matter in the body.

®If two masses of matter be placed at any distance
from each other, and be uninfluenced by any exgernal
force, they will be observed tomove towards each other,
as if each possessed a certain virtue by which it is ca-
pable of drawing the other towards it. It is also found
that, under the same circumstances, this effect increases
a¥ the masses or quantities of® gnatter in the ®odies in-
crease. If the quantity of matter be double, the bodies
will move towards each other with @ double speed,: if
the quantity of matter be increased in a threefold pYo-
portion, the spead of their mutual approachewill be also
increased in a threefold gproportion; and so on. It is
likewise found, that the energy of this effect is®increased
in a certain proportion as the distance befWeen the bodies
is diminished ; the more closely the bodies approfeh, the
more rapid will be their motions : but this increase df
rapidity is not in the proportion of the decrease of the
distance, but in the proportion of the decrease of what
arithmeticians call the square of .the distance. . This

* Mecnanics, Cab. Cycl. Chap. IIL
B 2
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attraction of bodies for one another is called araviTA-
TION, or GrAVITY. It is a universal property of matter ;
and isofound to depend fother results being the same)
on the quantity of matter alone, without any regard to
the nature of the body. 'Thus, a mass of lead and a
mass ¢f iron, having equal quantities of matter,—that is,
having equal inertia, — will exhibit this attraction in an
equal gegree. 'T'he results of astronomical observation
prove that this quality belohgs to all the great bodies
of the universe ; and allsthe facts upon which mechan-
ical science is founded, prove that it is a quality found in
all bodies composimg the earth, and existing on its sur-
face. The great mass of the earth itself has this quality
in welation to all bodies in its neighbourhood. The moon
and earth have a tendency to approach each other; and
if the effects were not modified by other causes, they
would actually approach and coalesce. Detached bodies
on and near the surface of the earth are attracted by
the earth. A body placed at any distance from the sur-
face, and disengaged, will move straight towards tne
surfaee, and fall upon it. A body placed on the surface,
will be pressed to the surface with a certain force.
These are manifestations of the same principle ; and the,
quality thus exhibited in bodies on and near the earth
is called warenr: weight is, therefore, a particular
manifestation .of the general principle of gravitatioh.
From what has been just explained, it will be perceived
thatothe weights of bodies are always in the same pro-
pottion as_ their quantities of matter. i

The probfs that gravity is an universal property of
matter are too numerous anducomplidited to admit of
any development here. In fact, the whole science of
AsTRONOMY may be regarded as one connected demon-
stratioti of the universality of this prineiple, so far as
regards the great bodies of the universe; and the whole
science of what is called TERRESTRIAL MEOHANICS, &
like demonstration of its universality, so far as regards
our egrth, and the hodies upon it.*

MgecrANIcs, Chaps, VI, and VIL.
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CHAP. II.

e ]
ATTRAGTION OF GRAVITATION.

Ir a body be supposed to consist of pdfticles ofaqnatter
of equal weight, it followg that the greater the number ]
of particles included within # certain volume or bulk,
the greater will be the wgight of the mass. If there be
ten separate particles of matter, each gravitating with a
force equal to 1, the gravitation of the whole ten par-
ticles, if united into one, would be equal to®10, ahd this
would happen without tcfererfce to the bulk : the force
of gravitation is, therefore, in proportlon tothe quantity
of matter.

The quantity of matter constituting the bulk of any
body is subject to much variation. If we assume any
measure of bulk, and fill it up with leaden builets, we
have a certain volume or bulk of lead ; if small shot be
shaken in amongst the bullets, ‘the quantity of lead is
much increased, although the bulk remains the same :
and even after this, a considerable quantity of smaller
i}ot may be introduced without adding to the volume.

ere then are three bulks, apparently the sfme, yet all
differing in the quantify of matter which they contain,
and, consequently, ig their force of ®gravitation. A.qguart
of ardent spirit mixed with a quart of watey will ffake
less than two quarts; as if the same penBtration takes
place between the partidles of the two liquidg that hap~
pens with large and small balls of lead. °A mixture
of a quart of oil of vitriol with a quart of water will
bear the addition of a very large quantity of “the sglid
substance called magnesia, before the total bulk of two
quarts will be made up amongst them all, when cold.

The quantity of matter contained in any bulk is as-
certained by the process of weigling. A cubic inch ef
 pure solid copper will weigh 4 troy ounces, this,

B3
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accordingly, expresses its quantity. It is quite evident
that another cubic illh of copper put into the opposite
side of°the balance will ¢8%nterpoise the first; but it by
no means followd that a cubi¢ inch of any other metal
will do the same. ¢So much ¢he contrary is the fact, that
a cubit inch of standard gold * will exgetly balafice two
cubic inches of ,copper ; hence there is in the former,
twice &fie quantity of matter that there is in the latter,
the bulks being the same,

It appears, therefore, that equal bulks of different
kinds of matter may have very“lifferent weights; and, in
fact, cvery distinét species of body has a weight in a
given #ulk peculiar to itself. This property is hence
called the specific gravity, or, density of bodies ; and
it is of great value in distinguishing one kind of
matter front another, jt being different in almost every
kind. To ascertain the specific gravity of bodies, there-
fore, the bulk and weight are to be taken into account.
If a cubic inch of copper weighs 4-7 troy ounces, no
more is learned from this than its absolute weight ; but
if a clibic inch of standard gold weighs 94 troy ounces,
not only is its absolute weight known, but it becomes
manifest that this metal is twice as heavy as copper ; or,
in other words, contains twice as much matter, bulk for
bulk. Inthe same mannes might be tried the weight.
of cubes of all bther metal’s and golids, and it would thus
be found how much,_ heavier or lighter they are than the
cubg®f copper: this would give their specific gravity,
or their relagive weight compared to copper ; but there
would be many sources of difficulty and error in such a
method. «First, it would be almost impossible to pro-
cure true cubes or other figures; they would not be all
of pregjsely the same size; and the specific weights would
bes all referable to copper. On these accounts another
method is adopted. As different specimens of copper
may be more or less heavy, according as they are more
or less pure or hard, it is necessary to seeck a substance

. [

& Made standard by one twelfth silver.
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not liable to variation : such is water; any determinate
bulk of which, when pure and afgthe same temperature,
is always the same in pointesf weight, and herke it is
preferred as a standard of comparls‘#x Thus, instead
of saying that the specifig gravity of standard gold is
twice that of copper, we ascertain how many times the
gold cube is heavier than the same measure of water.
This is easily done; for if a solid be immeregd in a
vessel of water, the water will rise in the vessel, and
fill an additional space equal to the bulk of the solid.
The water that is thus gdisplaced, having weight, has a
tendency to fall back, and in its® thrn ¢o displace the
solid immersed ; the water, therefore, presses, on the
solid, and tends to push it upwards, althou.o'h it may not
succeed so as to occupy’ its place. Now, it is proved in
hydrostatics *, that the force with whichy the solid is
pressed upwards must be precisely the welght of the
quantity of water displaced by the solid ; that js, its own
dulk of water. Hence we derive this conclumon,——that
when a solid is immersed in a fluid, the solid is pressed
upwards by the weight of as mucfl of the fluml as is
equal to *he bulk of the solid; the solid thus pressed
upwards must, therefore, be so far buoyed up by the
fluid, or, in other words, must lose that much of its
« weight by the immersion. That the apparent weight is
diminished by immersion ih water, is easily proved.
Thus, let a person raise’the heavmst stone that his strength
permlts him from #he bottom of a Yiver ; while ths stone
is still under water he can lift it, but Iet hi; attempt to
raise it entirely out of the water, and all ‘his efforts will
prove ineffectual. In%he same manner, angngler, with
2 single hair and slender rod, drawg a fish with ease
through the water ; but he may snap the hair or rod in
two, if he should attempt to raise the fish altogther, out
of the water.
It is easy to prove, by experiment, that when a solid
is immersed in water, it, for the time, apparently loses

* For a detailed account of this an'd other matters alludefl to in tais
chapter, see the Treatise on HyprosTaTiCs, Cab. Cycl

B 4
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as much of its weight as the bulk of water displaced by
it weighs ; and that, cgnsequently, it acquires buoyaney,
or an upward pressure, egiel to the weight of the dis-
placed water. Lej a vessel, suppose of glass, A, fur-

nished with a lateral pipe B, be filled with distilled
water, until some has run out at B, and it has ceased to
drop. _Then place under it the empty receiver C, and
suspcnd in the water a hollow glass ball, fastened by a
thread E, to one of the pans of a pair of scales, and pre-
viously counterpoised in the air. On immersion, the
balance will immediately be subverted ; the glass ball,
according t6 the portion immersed, w1ll displace water,
and that water will run ifito the receiver C. When the
water has totally ceased to drop from the pipe B, pour
the whole quantity contained in C into the pan of the
scale from whéch the glass ball'is susperg.o’ied and it will
be found to restore the balance.. This proves, that the
weight of whter dxsplaced by the glass ball was preclsely
the weight which® the glass ball lost by immersion ; or,
in other «fords, acquired in buoyancy : and it is obvious
that the bulk of the water displaced could not be other-
wise than equal to the bulk of the glass ball. If the
water displaced by the ball, and the ball itself, be equal
in weight, then the ba]l and the water are of the same
specific gravity, and the ball will float in any part of
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the water without any tendency to rise or fall. 1If the
weight of the water displaced bs greater than that of
the ball, the latter will be gressed up to the gurface,
where it will float, and a part will remain above the
surface. If the weight of the watef displaced be less
than that of the ball, the latter will fall, by its diference
of weight, to th® bottom, and remain there.*

The law being now understood, that when a gsolid is
immersed in a fluid, the sdlid loses as much of its weight
as its own bulk of the fluideweighs, we are presented
with a method of ascertaining with precision the weight
of the quantity of water that is equmleto the bulk of any
solid. We have no more to do than to weigh thg solid in
a delicate balance or scales ; then to tie it With £ horse-
hair to a hook in one of¢he pafis, and let it hang in pure
water 50 as to be immersed: it will be found to be
buoyed up more or less: then*to add weights to the
lighter dish of the balance until the equilibrium is re-
stored ; the weights so added will be the weight of the
water which equals the solid in bulk, and was displaced
by it. Suppose that when the solid was weighedsin the
air, its weight was 6 ounees, and that when weighed
in water 1t lost so much that 1 ounce was required
on that side of the scale to restore the balance ; then 1

Gounce was the weight of the solid’s bulk of water, and
the solid weighed six times the weight of i% own bulk
of water. Hence we s2y that the specific gravity of that
solid is 6 : and we gean that it is &ix times heavieg than
an cqual bulk of water. In all such cases the weight of
the displaced water is called unity, or 1: but as fractions
often occur, one is considered 1000, and then the above
specific gravity must be written 6000.

The very same consequences resuft, and the same
explanations apply, be the medium, in which fite bodies
are immersed, what it may ; whether it be water or any
other liquor, or air or any other gas.

In the common process of weighing, the bodies are
immersed in a medium, differentyit is true, from water,

* HypRrosTaTics, Cab. Cycl. Chaps, V, and VII¥
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but still sufficient slightly to influence the results.
When an ounce of glags and' an ounce of lead hang from
a scalesbeam in the air, ghey counterpoise each other,
although they are} in point of fact, somewhat different
in weight: for, {‘eing uncqual in bulk, they displace
unequgl bulks, and therefore weights, of air ; ard these
unequal weights of air press upwards differently on the
glass apd lead, ahd the difference must be compensated
by a corresponding, although ttivial, difference of weight
between the glass and the lead, if they are to remain in
a state of equipoise. o

That the alr doos®exert this unequal pressure on the
two bodies of different bulks, can rcadily be proved by
making the ‘experiment on two bodies in which the
difference of bulk is considerablet weighing them first in
air so as to, balance, and removing the air by the air-
pump, when the balance will be immediately subverted.

It therefore appears, that, in order rigidly to ascertain
the relative weights of any two bodies, when the specifig
gravities are very different, they must be weighed in a
vacuum, as it is only in this way that the influence of
bulk is obviated. But if the specific gravities be the
same, they may be weighed indifferently in a vacuum,
or in air, or in any liquid. However, the inaccuracy in
weighing any body in the air, unless it be exceedingly,
voluminoud compared with the body against which it is
weighed, is so trivial, that it mhy be disregarded : and
when, any substance’ is said to waigh an ounce, it is
und®rstood to do so in air.

There are tircumstances to be attended_to, with regard
to temperature, which will be explained more fully here-
after.  For the present it is enough to say, that, in all
comparisons of specific gravities, the temperature of the
soljds & liquids under examination must be the same ;
for difference of temperature creates difference of bulk :
cold contracts, and heat expands, all bpdies. When no
temperature is expressed in stating the specific gravity
of any body, that of (60 degrees of Fahrenheit's ther-
mometer is to be understood. ’
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GHAP. IIL
ATTRAOTION OF COHESION.

Havine adverted in a general way to the gttractive
power which the bodies of the universe exert upon each
other ; and having stated that this agency is exerted by'
the globe of the earth ag well as by the smallest masses
composing it, and that it gives originsto ggeat varieties in
the constitution of matter, it remains to enquire how far
the minute particles of which these mas#es cofisisé are
affected by any attractiwe inflience.

If we examine the materials of the globe, we perceive
that some are hard and dense ; *that others are soft and
porous, that water is destitute of solidity ; and that the
atmosphere is far more attenuated. If a certfin force be
“applied to a piece of glass, it is resisted ; but if the force
be increased, the glass is broken, and by repetitigp of the
process may be reduced to powder. The glass is now
separated into the parts which previously offered resist-
ance to the change, and which, consequently, were held
together by some force. '.l‘his force, therefore, is the
cause of the solidity of theeglass: it yas ®bviously an
attraction of the partseto eachother that caused them to
cohere ; and hence,it is called theeattraction of cofesion.
It is also called the attraction of aggregation, becatse it
aggregates or assembles and retains the panif:les of bodies
in the state of a solid.e

The evidence of the existence of cohesion f not merely
inferential from the constitution of olids, but can be
proved to act between separate atoms and *masses of
majter. A mass of gold can be beaten out into a thin
film, which could not happen if its constituent particles
did not glide over each other and join new ones during
the hammering ; yet still they arg found to cohere. Two
distinct masses of matter may be made to coheré by con-
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tact. Thus, let two pieces of lead be formed in such a
way that two of their gurfaces may be readily cut fair
with a sharp knife, and thgt when the cut surfaces are
applied to each other as at A, they will both hang in
the(lsame perpendicu]ar divection. Let
a scale-pan be attached to one, and let
the other be suspended ffdm a standard.
If'the two surfaces of lead be forcibly
pressed together with rather a sliding
motion one over the other, and the com-
pound piece then hung up, they will co-
. here with so much force that weights to
the amount of several pounds may be
gradually put into the scale-pan before
they separute.
° I made the experiment with plates of
lead one eighth of an inch thick ; the
:,3 surfaces in contact were each five sixths
of an inch long; perhaps the real physical contact was
not more than one third of this, yet they sustained
a weight of three pounds. It might be, and indeed was
once, supposed that the air having been excluded by the
close contact of the contiguous surfaces of lead, there
was a certain degree of atmospheric pressure tending to *
keep them together ; but this, was disproved by Morveau,
who showedl that the surfrces cohered just as forcibly
when the whole apparatus was puc under the receiver of
an airgpump, and the-air withdrawn,

With regard to this kind of attraction, called cohesion,
we have to cotsider it under two conditi,gns —1st, when
its operatior; is suspended, and, 21, when it is restored.

Commeon experience is sufficient to prove that the
force of cohesion is very different in different bodies ;
some will*scarcely permit the separation of their parts
by almost any ordinary force ; while others, with diffi-
culty, retain the solid form. When a solid is broken
down by mechanical means, its cohesive force has been
overcome ; the operatign of this force is suspended ; and
the body is now said to be mechanically divided. How=
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ever fine this powder may be, a microscope will prove
that it is composed of grains, gvery one of which isa
solid of the same nature as #he origiunal and there is a
limit which, in the process of pulv;rlsatlon, cannot be
surpassed.

Although these partlcles are the smallest the® can be
procured by mechanical division, they are by no means
the smallest that can be obtained by other meaww. Let,
for instance, a piece of ‘sugar be reduced to the ﬁnesfn
powder ; its parts are still diScoverable to the eye ; but
let water be thrown oneit, and it presently disappears
altogether ; not a partlcle can be Defceived by the most
powerful magnifiers: it is now reduced fo it#,smallest
parts; yet they are not destroyed, for they may bé re-
covered.

In declarmg that these are the smallesteparts, a ques-
tion is taken for granted, on’which phllosophers are
by no means agreed, namely, whether there i{s any limit
Jto the smallness of the particles to which solids can be
reduced ; or, in other words, whether or not matter is
infinitely divisible.* It will be shown hereafter, that,
unless we admit the finite divisibility of matter, and the
existence of atoms or molecules, the most important
series of phenomena in the science of chemistry will be

. left in the situation of ultirvate facts which, on the other
hand, are beautifully and c8mpletely accounted for by
the atomic hypothesis. The %ap y explanation which
this series of pheuomena receives from the admjssion
of limited divisibility, is a streng arguments in favour of
the truth of that doctrine.

Whatever may be tife truth on this subject, it is certain
that the practical divisibility of matter ig truly astonishing.
Silk, as spun by the silk-worm, is so fine, that twelve
grains’ weight measure one mile.t Gold can be beaten
out into continuous leaves so thin, that, according to
Boyle, 50 square inches will weigh but 1}-grain ; ac-

* See Mrcnanics, Cab. Cygl Chap. I1.
+ Shaw's Boyle, i. 404. ’GL i *
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cording to others, 56 square inches will weigh but a
grain. The gilding op silver wire is much thinner ;
Dr. Halk:y showed that it,may be but -4 ;oth part
of an inch. Boyle"proves that an ounce of gold can be
thus extended on filver to the length of 155 miles ;
others ray 1300 miles; and’ others, again, have cal-
culated that 14,000,000 of films, such as exists on the
wire, would be reduired to make up the thickness of an
Anch, although an equal numWer of leaves of common
printing paper would be nearly three quarters of 2 mile
in thickness. Dr. Wollaston made a gold wire so thin
that an ounce of it wbuld extend 50 miles. The hun-
dred thoysandth part of a grain of gold is visible to the
nakéd eye. if five avoirdupois pounds of pure water
be poured into a glass globt whicl it fills, aud one grain
weight of aloetic acid (a substance obtained by the action
of nitric acid on aloes)*be added, the whole will, after
some time, assume a fine crimson colour ; which could not
happen unfess the grain of aloctic acid had been divided
and equally diffused throughout the whole volume of
water. It is possible to sec so small a quantity of water
as a thousandth of a grain, and this portion of the solu-
tion must contain a thirty-five millionth part of a grain
of aloetic acid. We have, therefore, actually divided a
single grain of this substance into 35,000,000 of parts,
and we kno% that the division can be carried much
farther The substance talled ectrulin, obtained from
indigo. dissolved in tlfe same proportion in water, gives
it a blue tinge throughout.

Not only afe the constituent partiges of different
kinds of matter held together by a different degree of
cohesive force, but we can lessen or increase this force
by artificial means. It is not possible, however, to de-
stroy it : 50 far as human means are concerned, it seems
as indestructible as matter itself: all that we can do is
to suspend its operation; and then it is always ready
to resume its energy when circumstances permit. All
terrestrigl bodies are formd in one or other of the three
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following states,—the solid, the liquid *, or the state of
air or vapour. Between solidity and liquidity there are
degrees : a body may be more.or less solid ; it may be so
soft as to be almost aliguid: but airs br vapours always
maintain the most perfects Quidity ; thpy never approach
the other two states, and they remain like the etmo-
sphere around u8.  There are many bodies which may
be made to exist in any of these thred states; apd, in
the spirit of gencralisatiofl, it has been even supposed
that this is true with regard toeall matter, although facts’
are not yet abundant enough to warrant us in consider-
ing such an assumption as establishél.e loe is solidified
water ; when heated it melts into the state of a liquid;
and this liquid, by being further heated, eviporates ifito
the state of air or vapoar called steam. This part of
the subject will be resumed in its proper place : it has
been introduced here merely for tHe purpose of observing,
that although, wheun 2 solid becomes liquid, its cohesion
is said to be suspended, yet it is only its cohésion as a
solid that is suspended, and we are by no means to sup-
pose that the fluid produced is destitute of all cchesive
force. On the contrary, the cohesion of liquids is an
appreciabl. force, and exerts an agency easily rendered
manifest. Thus, if a particle of quicksilver, which is a
Jdnetal in a liquid state, be brought as near another par-
ticle as is possible without theie touching,.they both pre-
serve the globular form?which fhey naturally assume in
consequence of the rgutual attractiof! of their partseact-
ing in the same way as gravity does, in producing the
sphericity of the celestial bodies. If thef be brought
80 near as barely to toueh, they instantly coalgsce, their
separate outlines arc lost, and they form one larger
globule ; or, in other words, the attraction of cohesion
draws the particles of both globules, hitherto s&paratg,
into close contact, and holds them united. But so

* The word fluid is used by chemists in rather a loose sense - it is merely
opposed to a solid, and means either a liquid or a gas. In physics, the word
18 a genus of which the species are gas and liquid, otherwise expressed

clastic and melastic fluids ; and,'in strictuess, 1®%s improper to confeund og
with the other.
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small is the distance to which they must be approached
before they umte, that the finest dust én their surface
prever.s the union. Another case of the cohesion of
liquids is witnessed when we immerse a glass rod in
water, and draw i out, holgifig it perpendicularly ; the
water.forms a pendulous drop, and remains suspended.
Here the attraction between the glas§ and the water
sustairs that portion of the drop next the glass; but
the lower portions of the drop are prevented from fall-
ing off by their own cohtsion. It is the same cohesive
power that preserves small portions of quicksilver in
the globular¢ forth ; or drops of water on dusty sur-
faces ; qor drops of oxl on wet surfaces: otherwise, they
would all lie flat, like films, according to the laws of
gravity. The cohesion of a siquid can be strikingly

N
I

shown by, an easily executed experiment. Let one of
the scale-pans of a balance be removed, and a disc of
tin-plate be hung by a thread in its place. Let the disc
o€ tin ‘hang horizontally in a shallow vessel, but not
touchmg the bottom, and let the balance be brought to
an equlpome If water be poured into the vessel as high
as the tin disc stands in it the two surfaces will adhere,
and with such forca,that weights proportionate to the
surface engaged may be put into the opposite side with-
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out forcing them asunder.” When the weight in “the
opposite side is sufficient, it will even be seen, if the
vessel be of glass, that the watc® is raised under the
disc, above the level of! the surroundihg water, so great
is the force that opposes the separatiog of the stratum of
water which adheres to the disc.  This experimegt fur-
nishes an instaite of the cohesion of a solid to a liquid,
and of the particles of a liquid io cach other. By the
same apparatus we can prove that different liquids have
different degrees of cohesion : ofor while the weights are
in the scale-pan, and the e water is thus raised above the
level, if a little ether be *poured inte the vessel, it floats
on the water, takes its place, and instantly the tin dxsc is
detached.

Airs and vapours exhibit no cohesion : thcy are in-
fHucnced by an opposite force, which will be treated of
hercafter. 1t now remains to consider the restoration
of cohcsion to bodies in which this force had beeu sus-
pended.

* The simplest casc of this kind is the following. Ifa
piece of lead, or any other metal, be elted in the fire,
its cohesion is suspended ; it becomes a liquid: but if
it be allowed to cool, its cohesion again begins to act,
the particles attract cach other strongly, and it soon
becomes as solid as ever. Here is a plain case of the
Buspension and restoration of the cohegive %attraction,
from a cause that will be enlargtd on hereafter.

The same may be gﬂ’ected througlt the interventign of
aliquid. If a large quantity of sugar be dissolved iff a
small quantity of boiling “water, and the syrup allowed
to grow coid, the attragtion of cohesion wﬂl begin to
take effect between its particles, and at length the sugar
will once more become a solid. But, in® this case, as in
many others, it is worthy of attention, that, Whatever
be the original state of the sugar, it always, in re-
suming its solidity, assumes a particular form —one of
great regularity and beauty. It was originally opaque ;
it is now transparent : it was o§1gmally a shapeless
mass; it is now a prism of sixs ides, in regularlty and

[\
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lustre scarcely to be surpassed by the products of the
lapidary’s wheel. A solid of this symmetrical form, and
of spoptancous production, is called a crystal; and the.
process by which-it is produced is called erystallisation.

There are nupberless ofker substances which are
capahle of assuming the crystalline structure, of one
shape or other: common sea-salt, alufn, and saltpetre,
are instances familiar to every one. Many boudies are
found naturally in the crystalline state, as various precious
stones and mincrals. .

With regard to artificial crystals, there are two modes
of producing theme either by dissolving the substance
of which they are to be composcd in as little boiling
water as will suffice, and allowing the solution (as the
dissolved substance is called) te cool ; or by melting the
body by fire, without water, and allowing it to cool
quietly and slowly. «In the instance of certain sub-
stances, when a part has solidified, the liquid part is to
be pouréd off, and the residue will have the crystalline
form. It does not, however, follow that, in crys-
tallisption, the same body invariably assumes the same
form : the fact is otherwise ; there may be several forms
of crystals belonging to one body, but in one or other
of these it is sure to crystallise, and not according to any
other model. It is also true that very different kinds of
matter may crystallise affer the same model.

Bodies, whether soli®, liquids or vaporous, are capable
of assuming the form of a crystal. If sulphur be melted
imo a liquid, it will, on cooling, crystallise: if water be
cooled to ‘aow degree, it will shoo;‘into crystals, and
form ice ; and various vapoursy such as that into which
camphor ‘is converted by heat, will, when celd, change
into crystals. “ There are several metals which, when
slowlystooled after being melted, will crystallise.

* The facility with which bodies assume the crystalline
form is very various; some doing so with great ease,
and others with great difficulty. The'general method
of obtaining crystals from substances which dissolve in
water‘is to add the substance to the water at a boiling
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heat, and in as great a quantity as the water is capable
of holding in solution. As the liguor cools, the crystals
are produced ; and the more slowly,it cools, te more
regular the crystals. Sometimes it will be necessary to
reduce the liquor to the fitwzing point®before it will crys-
tallise ; and sompetimes it will show no more tcfdency
to do so when cold than when hot ; jn which case the
water should be gradually boiled away until the orystals
have formed abundantly: it is in this way that com-
mon sea-salt is crystallised.  Rotion promotes crystal-
lisation ; but rest promqses regularity of the shape of
the crystals. e

The tendency to erystallise is often so nigely balanced
by ‘the force which resists it, and which will hercafter
be treated of, that incofsiderable causes operate for or
against the change. 1f a quantity of hot water be made
to dissolve as much Glauber’s salt as it can, and if the
solution, still hot, be poured into a glass globg which it
Jjust fills, and the mouth of the globe tied over firmly
with moistened double bladder, it will not crystallise
even when cold, provided no agitation has been® used.
Merely oy-ning the covering of bladder, or throwing in
a small crystal of the same salt, or touching the surface
of the liquid with a metallic point, will instantly cause
& crystallisation to commenee, which will iigmediately
extend downwards, in a singfllar manner, through the
whole globe, and the contents, instead of being fluid,
will become solid. e So trifling are the causes which
effect this so long susperded crystallisationy that the
nature of the phenomenon has never been understood,
notwithstanding that m%ch investigation hasebeen ex-
pended on it. It is a singular fact, that, in the crys-
tallisation of this salt, and a few others, light Rgs been
observed to be emitted when the experiment is conducted
in a dark room. Melted phosphorus often comports
itself in the same way with regard to suspended solidifi-
cation; and there are other similar instances known.

From all that has been said, it #ppears that matter is
susceptible of being divided into particles so minute as

c2



20 ELEMENTS OF CHEMISTRY. PART I.

to surpass all comprehension ; that this division is in all
probability not without a limit ; that these minute par-
ticles cre held to"ether in the solid state by a powerful
force or attraction, called the attraction of cohesion or
aggregation ; thafthis force i¢ manifested more strongly
in sokds than in liquids, although in the latter it is still
discoverable ; and, lastly, that in soMie conditions of
matter, although it exists, its operation is suspended, but
it is ready to come into actidn as soon as circumstances
permit. ) .

CHAP. '1V.
ATTRACTION OF AFFINITY.

Tue natural forces, gravitation and cohesion, noticed
in the former chapters, belong, in their full development,
more- to mcchanics than to chemistry. 1lence, al-
though some preliminary pages have been devoted to
these subjects, we have abstained from enlarging on
them. There are, however, other forces in nature to
be considered, which fall_more excluslvely within our
province ; anm which, so Aar as this planet is concerned,
act a part equal m importante and interest to any
other.

“Ifa rod of iron be immersed i in a vessel of water, on
drawing it 6ut it is found that somg water has adhered
to it; but if a rod of iron be immersed in a quantity of
mercury, on being withdrawn no mercury adheres. Both
of these facts are easily recognised as dependent on the
effects OF cohesion. The attraction of cohesion took place
between the particles of the iron and those of the water;
the same attraction, it is true, subsisted between the
particles of water which were drawn out of the vessel
and tl}ose that remained in it, but the attraction between
the iron and water predommated Not so when the iron
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was dipped in mercury ; although there was an effort at
the exertion of the cohesive attraaion, it was not effi-
cacious, because the cohesive force keeping the pfrticles
of mercury together was-supenor But if a rod of bright
gold be immersed in mercAry and talen out, it will be
found that the ggld has drawn up a coating of mécury
which cannot be wiped off; the gold isgrendered white;
and, if left long enough jin the mercury, it beeomes
soft.

In this case the mercury adhercd to the gold rod,
and was drawn up witheit, in opposmon to the laws
of gravitation, and to the cohesive tdrce * ex:stmg be.
tween the mercurial particles. The quesgon eceurs,
Was the mercury drawn up by a cohesion acting between
it and the gold ? But it*is answered in the negative by
the fact, that the mercury cannot be wipel from the
gold, nor removed by any degree of mechanical force:
for if the surface be scraped until the whiteness be re-
moved, a separation is not effected ; the scrapings con-
tain both gold and mercury.

Now, since the influence which caused the meretry to
be drawn '.p by the gold was evidently some sort of an
attractive force, and since it was not the attraction of
gravitation or of cohesion, it must be some other,— some-
shing unlike either of the ferces which we Jiave been
considering. Accordingly, it i to be acknowledged as
a different exhibition of the attractive, force that pervades
all matter ; it is dissinguished by the name of chemigal
attraction, or simply by the term affinity, — a emore con-
venient but less expressive term ; and it dx&‘ers from all
known forces in its agen®y.

If a piece of lead be melted, and a bié of block tin be
laid gently on its surface, it floats thcre in the same
manner as a cork would on water ; because tin 1s spe-
cifically lighter than lead. In a short time the tin will
melt with the heat; and being specifically lighter, we
should expect it not only still to float, but to constitute
the upper stratum when the two méals have grown solid
by cooling. It happens, however, otherwise: for we find

¢ 3



22 ELEMENTS OF CHEMISTRY. PART I.

neither the lead nor the tin in their respective situations ;
both metals arc perfecly blended ; and a particle cut from
the lump, whether top or bottom, will be found com-
posed of both tin and lead. Now, it is to be enquired,
Why was the grealar weight ¢the lead overcome, so that
it wasedrawn upwards through the tin, and mixed with
it at the surfacc? and why was the greater lightness of
the tin- overcomc, so that it was drawn down through the
heavier lead to the bottom? FHere, again, we find an at-
tractive force acting in opposition to gravity ; and it is
another case of the same attvaction or affinity which
caused the gold terjdin the mercury. We sec, also, that
this afﬁplty does not always subsist between bodies, at
leadt in effeltive strength; for the affinity of the iron
rod to mercury was found incapable of overcoming the
cohesion of the mercury.

This kind of attraction acts upon matter in all
states, whether solid, liquid, or gascous. Every one
knows that sugar is heavier than water ; accordingly,
when a piece of sugar is thrown into a vesscl filled with
water; it instantly sinks to the bottom : yet, after a time,
the sugar is no longer to be found where it was deposited ;
but by the taste of the water it will be proved, contrarily to
the laws of gravity, to have ascended towards the top.
To the top, and all other perts, it must, therefore, have,
been gradually attracted ; and the same would happen with
salt, and various other articles, bétwcen which and water
aﬂimty is known to ‘subsist. But if, instead of sugar,
we “throw g stone into water, if would remain there for
ever undissolved, because its attractiom to water is not
sufficiently, great. «

The same wquld happen with two fluids between
which affinity subsists.: thus, spirit of wine is lighter
thgn wder; and if it be poured cautiously over water,
it will ﬂoat ; but after a length of time it will be found
to have descended to the bottom, and to be equally
diffused through all parts, in consequence of the affinity
exerted, by the water ¢o it. 1f, on the other hand, oil
be poured on water, it will remain there during any
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period ; for it is lighter than water, and is not attracted
by any strong affinity to that liquigl.

A familiar instance of the attraction of an aireor gas
may be found in the sir which is expired from the
lungs, and which is differén}; from atnmspheric air before
it enters the lungs. If we breathe for a few menutes
upon a small quantity of slaked lime mixed with a little
water, the lime will attract some of the air breathed on
it, and will detain it. To Prove that it does so, we have
only to pour on a little strong #inegar, which will cause
all the air that had beengattracted to bubble off' visibly.
Bat atmospheric air, were it perfdetty pare, which it
never is, might for ever remain in contact with lime
without being absorbed, because no effective hffinity s@b-
sists between them. o

This attraction does not act at any distai;ce that can
be perceived ; its existence is only discoverable by its
effects: but its consequences are very striking, and the
changes it produces are of such a nature as cannot be
overlooked. 1In the casce of the cohesion of two masses
of matter — suppose two pieces of lead, glass, or any
other sub-tance — they merely stick together with more
or less force; the matter is in no respect altered. A
picce of tin and a piece of copper may be made so
smooth as to permit their Jbeing brought sufficiently
near each other to allow theeattraction sof Cohesion to
operate ; they then cofiere tog’ether with some force,
yet the two metals gemain in every respect unchanged
in their nature. But if their chemical atq-action&be
allowed to operate, as by meclting them,® the masses
of each metal do not merely remain in juxfaposition,
as in the former instance ; a mutual peetration of sub-
stance seems to take place ; the particles run together
and mix, so that no part of the resulting mass pdssessgs
the properties of either tin or copper. In this case of
attraction, the only view which can be taken of the change
produced is, that the ultimate particles, or most minute
portions of which the mass of eack metal is composed,

c4
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attract each other and unite, particle to particle: this is
expressed in chemicalslanguage by saying that the two
raetals ombine.

By thus melting the two metals into a combination,
‘extraordinary changes are prefuced. Thus, copper is of
a reddish-brown colour, and tin is white ; we should
expect the mixture of both metals to be a mixture of
both wlours, that is, a paler reddish-brown; but the
real colour of the mixture is gray. Again, copper is a
soft metal ; tin is still sofer ; but the mixture is excecd-
ingly hard. Copper is also a Kght metal ; tin still more
50 : but the mixtufe is much heavier, bulk for bulk, than
either. . Of this, Glauber, one of the earlier chemists,
gives a plain illustration. Ile says, © Make two balls of
copper, and two of pure tin, of orie and the same form and
quantity, the weigh.t of which balls observe exactly ; which
done, again melt the balls into one, and presently pour out
the mixture melted into the mould of the first balls, and
there will not come forth four, nor scarcely three balls,
the weight of the four balls being reserved.” It appears,
then, that the same weight is condensed into a smaller
bulk. Another, and not the least remarkable change,
effected by the combining of the two metals, is on their
sound. If three bells be cast from the same mould ; one
of copper nearly pure ¥, onc of good tin, and one of a.
mixture of both ; the conper bell will have a dull, heavy
sound ; the tin bell almost no sound ; but the mixture
of both will have a sweet, clear, und musical sound.
Hence bellometal is composed.of a mixture of tin and
copper. ) L

What the nature of the chanie may be that is thus
produced on thedwo metals, cannot be explained ; but it
is certain that, in the mixed mass, the contiguity of a
particle"of one kind of metal produces a very decided
change on the properties of the adjoining particle of the
other ; and a property ia produced by their union, which
neither particle apparently possesses.

When I say that atparticle of one kind of metal acts

* It could not be cast if the copper were perfectly pure.
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on the contiguous particle of another, it is necessary to
explain what is meant by contigujty. It is not meant
that the particles should be merely very near each®ther;
they must be in actual eontact — at least, in contact so
far as is compatible with fls: constitufon of matter, as
will be hereafter explained. o

Were this contact not an indispensalle condition for
the production of the change of properties occasioned
in the tin and copper by their mixture, it might be
supposed that the same woulfl occur on mixing ex-
tremely fine filings of copper and tin; but this would not
be realised in point of fact. By no raechinical means
in our power is it possible to bring the particles gf the
two metals into the close degrec of contact requlrcd Yor
the complete change of ptoperties which the bodies con-
cerned arc capable of, and which is effected so easily
by melting them together. By melting, the metals na-
turally fall down into what are called their ultimate or
most minute constituent particles, and no mechanical
means are competent to this effect.

The change of properties which takes place when
chemical attraction acts, is not confined to metals, but is
a general result in every case where different bodies
are brought into this state of combination or chemical
amion.  Frequently we find that the propertigs of each
body are totally changed ; and that swbstances, from
being energetic and v1olent in their nature, become inert
and harmiess, and viee versi. For instance, that useful
and agreeable substance, culinary salt, whu.h is not only
harmless, but wholesome, and abwlutely necessary to the
well-being of man, is cofiposed of two formidaple ingrc-
dients, either of which taken into the gtomach proves
fatal to life ; one of these is a metal, and the other an
air; the former is called sodium, the latter cBlorine.
When presented to each other, the violence of their
nature is manifested by their immediately bursting out
into flame, and instantly they are both deprived of theix
virulence. Can any thing be more striking than the
change of properties in this case ; and who could have
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supposed that culinary salt is composed of a metal united
to an air? The megicine called Glauber’s salt is an-
other itistance: it is composed of two caustic poisons of
different kinds; one called oil of vitriol, and the other
barilla or soda. S'here are miso two substances known
to chewists, which are disgustingly bitter liquids; one is
called nitrate of silver, and the other hyposulphate of
soda ;when mixed, they form a compound of consider-
able sweetness. But the atmosphere which we breathe
is the most extraordinary of all instances : it must be
surprising to those who are unygquainted with the fact,
that atmospheric air, indispensable as it is to life, is
compoged of the same ingredients as that most vwlent
and destructive liquid called aqua fortis, or nitric acid.

This powerful acid, by being made to act upon sugar,
the sweetesteof all thm gs, produces a substance intensely
bitter to the taste. Lharcoal is, of all known substances,
the most difficult to convert into vapour ; so much so,
indeed, that the conversion has never yet been decidedly
cffected ; it is also a very solid substance ; and diamond,
whiclr is nothing but crystallised charcoal, is one of the
hardest bodies in nature.  Sulphur, in the solid state, is
also a hard substance, and to hold it in vapour requires
a high temperature. But when these two substances,
carbon and sulphur, are made to combine chemically,
50 as to form tke substanw called bisulphuret of carbon,
their properties are strlkmgly clanged. Instead of the
compound being hard, it is a thin liquid, and is not
known to freeze or sohdlfy at any degree of cold that
can be produted. Instead of the compound being diffi-
cult to vapgrise, it is of all liquids one of the most evapor-
able. Charcoal js the blackest substance with which we
are acqu‘ainted sulphur is of a most lively yellow hue;
but the®eompound is as colourless as water, A new smell
and taste are acquired, and, in a word, there is not one
point of resemblance with the component. These facts
are strikingly illustrative of the change of properties
which follows on the.exertion of chemical attraction be-
tween tlfe ultimate particles of bodies,
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In all the instances already adduced, it may be ob-
served that the bodies concerned are of a different nature
from each other. Thus, gold was said to have an effinity
for mercury ; lead for ting; tin for copper; sugar or spirit ot
wine for water ; and air 8fa certain &ind for Jime. In
fact, it is a property of affinity, that it never takeseplace
between two bodies of the same kind : lcad has no che-
mical attraction for lead, nor tin for tin. In a fgrmer
chapter it was shown that lead attracts lead ; and that
two pieces of that metal, wheie brought into close con-
tact, adhere with great farce ; but it was by cohesion.
Onec of the chief differences betwedh chemical and co-
hesive attraction is, that the former takes place only
between the particles of different kinds ®of matter,
whercas the latter takes ®place between particles of the
same kind.  If 10 particles of zinc and 10 gf copper be
combined, they will form 10 and not 20 particles of
brass: for the attraction concerned in forming the brasg
is affinity, which can only join particles of a different
kind ; and, consequently, if there be any junction, two
particles of a different kind must in each case combine
to form «ac compound particle. Ten compound par-
ticles being thus formed by affinity, and all of them
being necessarily of the same nature, although com-
Jound, these will attract eagh other by cohesion ; for
this force, and not affinity, possesses the pewer®f joining
similar matter. * ¢

We find it somgtimes stated, that the attraction
of cohesion is otherwise cglled homogeneous attraction,
hecause it takes place onfy between the pafticles of the
same kind of matter. Téhere can be no greateg mistake:
cohesion takes place between both hgqmogeneous and
heterogeneous matter. Two thin plates of different
kinds of metal may be made to cohere with gré#t foree
by a forcible stroke, and this is often practised in the
arts. The silvering on the backs of glass mirrors is
retained by cohesion : water, whether liquid or frozen,
adheres to solids by cohesion : mergury rises in capillary
tubes by the same power: glue sticks to wood, and



28 ELEMENTS OF CHEMISTRY. PART I.

varnish to metals, in the same manner; and there are
numberless other instznces.

Another great difference between cohesion and affinity
is the following : — When the particles of bodics co-
here, they can al'ways be ofércome by what we call
mechamical force, such as pulverising, filing, &c. But
mechanical force is of no avail where affinity has taken
place ; for let the compound be ever so completely
divided, cach particle of it will consist of all the in-
gredients which cntered into the composition of the
original compound, and in the'same proportions, and no
mechanical edntrivance can scparate them.

In this place it should be observed, that when a body
cannot, as far as known, be decomposed into two or
more ingredients, it is said to "be a simple substance;
but otherwisc, it is called a compound : thus, copper is
a simple substance ; but brass, as consisting of zinc
and copper, is compound. With regard to compounds,
the bodics of which they are composed are said to be
in a state of chemical combination, or united or combined
by affinity, or by chemical attraction: and this state
of chemical combination is contradistinguished from what
is called mechanical mixture, which merely means the
mixture of bodies without being attracted to each other
by affinity. Thus, if filiags of zinc and filings of.
copper be ‘mixed by stirring them togcther, they arc in
a state of mechanical mixture ; but if they be melted
together, they form brass, and are said to be chemically
combined. . Or if a little essential oil and a little water
be shaken together, they mix in Mch a way that the
small particles of each can be séén unchanged ; this isa
mechanical mixwre: but if a large portion of spirit of
wine be  boured ¢n, they all dissolve, and the separate
parts can no longer be distinguished : this is then a
chemical combination. Mechanical mixture can be
distinguished from chemical combination by the cir-
cumstance, that in the latter there is always a change of
Pproper¢ies more or less complete ; whereas in the former
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the resulting properties are a mixture of the original
ones, both being rccogmsab]e.

We have now to enquirc whetlfer or not affingty is a
force of very extensive operation in hature, whether it
acts in the case of certairy kinds of bglies only, or whe-
ther it is a gencral property of matter. 'Theg facts
known, secm to®warrant the inference that there are no
two bodies between which an affinity floes not subsist,
however great the repugnance apparently manifested
by them for each other, and however successfully that
repugnance may oppose their combination.

There are many causct which operate against affinity,
and sometimes with such effect as altogether to prevent the
virtual exertion of its influence. Ifa piecc®f irdfi amd a
picce of sulphur be brought into contact, no change is pro-
duced. If the iron be reduced to filings, and the sulphur
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to powder, and both be mixed, still no change takes place ;
but if this mixture be heated, they both melt, and form
a subsiance essentially different from the original ingre-
dients ; they have, thereforc, entered into a chemical
combination. Here it is obvious that the combigation
was not effected, or, in other words, that affinity did
not act, until the ingredients were melted, that is, until
their cohcsion was suspended : and it appears that the
xmperfu,t suspension of cohgsxon produced by the me-
®chanical operation of pulverising the ipgreflients was
not sufficient to permitsthe exeftion of chemical attrac-
tion, until the force of cohesion was entirely overcome
by the agency of heat. Hence the cohesion of the
matters employed was the antagonist to ethe force of
affinity ; and until tha§ was overcome, fﬁmty could
not act.

To take another instance: if a piect of marble be
thrown into water, it does not dissolve, becaus&ethe af-
finity between the particles of water, and those of the
marble is weak, while the cohesion of the particles of the
marble amongst each other is strong. Butif very strong
vinegar be added, the particles ofy the vinegar exert a
stronger affinity to the marble ; its cohesion is therefore
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virtually less powerful, and less able to resist, and the
marble begins to dissolve. It dissolves s]owly, however,
for tlk cohesion still offers considerable resistance, al-
though it is at length overcome; but if this resistance of
the cohesion be still further dessened by breaking down
the garble into fine powder, the force of affinity becomes
an overmatch for the much weakened force of cohesion,
and the marble dissolves with facility.

In this case the cohesion is much weakened, but it is
by no means completely cpuspended ; every particle of the
powder being a small aggrezate resembling the original
mass in properties.  But a greater number of suifaces
being now exposed to the action of the vinegar, greater
effect can be produced by the affinity in a short time.
The cohwesion is never entirely suspended until the par-
ticles totally disappear in the liquid; or, as it is ex-
pressed, until they dissolve.

In the same manner, if a portion of the precious stone
called sapphire be thrown into oil of vitriol, the stone is
not affected, becausc its cohesive force is more power-
ful than the affinity exerted by the acid: but if the
cohesive force belessened by reducing the stone to a fine
powder, the force of affinity prodominates, and the stone
dissolves with facility.

In all cases where a solif dissolves or disappears in a
liquid, so“that, the whole.becomes liquid, and as trans-
parent as before the solid was aaded, the resulting liquor
is called a solution } the solid beforg its solution was the
sowend; and the liquid whigh effected the solution is
called the sofvent or menstruum.

The instances which have been adduced show, that
cohesion is the gntagonist of affinity ; where the cohesion
of any two substances is strong enough, it will prevent
or retf#fd the exertion even of the most powerful af-
finity. On the other hand, where the affinity is weak, it
may be much assisted in its efficacy by lessening the
force of cohesion.

Ascohesion is the antagonist of affinity, so also is
affinity the antagonist of cohesion; and whenever the
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former is very strong, the latter has a proportionate ten-
dency to give way. If sugar be thrown into oil, it re-
mains solid, because there is not sufficient affinity between
the two bodies to overgome the cohesion of the sugar:
but if the sugar be throwndnto water,¢he affinity of this
menstruum is so strong, that the coliesion of the sugar is
broken down, anll it dissolves.

Heat sometimes increases and somefimes dimigishes
the force of affinity. In ertain cases, we find that the
affinity of two bodies is reallysrendered more powerful
by raising their temperatare; in others, the affinity is
apparently increased by heat, inasmdch as eombinations
are produced at a high temperature, which could not be
in the cold ; yet the increasc of affinity is blit apf)‘ard]t,
and the real cffect of the higher temperature, is merely to
Iessen the cohesion of the bodies concerned, jn a manner
which will be explained in the chapter on heat, and to per-
mit the natural affinity to act, which existed in equal power
before, although it was overpowered by the superior force
of cohesion. Thus, if alum be added to cold water until
no more can be -dissolved, the affinity of each for the
other is <» far weakened, that the cohesion of the alum
can be no longer overcome: but if the temnperature be
raised, an additional portion will dissolve with facility.
.In this case, the increase of jgemperature must be sup-
Posed to exalt the energy of affenity, rather thah to lessen
the resistance of cohesior®; the difninution of the force of
cohesion by this incrgase being very Inconsiderable. But
when we find solid substances — suppose two,metals —
refusing to combine at a low temperature, Which evince
the force of their affinitp when they are meltgd, by the
facility with which they combine, we myst suppose that
the chief effect of the heat was to subdue their cohesion,
and thus to permit their union. . .

So far as to the increase of the force of affinity by
heat. With regard to the diminution of affinity by in-
crease of temperature, this effect, like the former, is
sometimes real and sometimes apparent. If hpiling
water be poured on slaked lime, a certain portion dis«
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solves, and the water acquires a certain taste: but in
proportion as the water cools, more lime dissolves, and
the taste becomes strbnger. "The same observations apply
to magnesia; ald water at 91° is known to dissolve
more Glauber’s sglt, than wlen hotter or colder. Here
thengis a direct diminution of the force of affinity by
heat: but in the following case the sarfic reasoning does
not apply. Colnmon water contains a small quantity of
atmospheric air dissolved in ¥, and to this it owes a cer-
tain degree of the little flavour which it possesses: if the
water be heated, it soon begins to discharge the air in
bubbles, notsbecause the affinity of water for air is less
at a high than at a low temperature, but because the
hewt ¢kpands the air to such a disproportionate degree,
compared with the expansion which the water undergoes,
that the force of affinity is no longer able to counteract
the tendency of thc air to resume its aériform state.
The water, as it cools, re-absorbs and condenses a new
quantity of air.

Besides the condition of cohesion, it appears, therefore,
that ¢here is a state of a very opposite nature, which an-
tagoniscs the effectual agency of affinity, and which de-
serves some consideration. An air or gas is totally
devoid of any cohesive attraction ; and the distance
between its particles is so great, and maintained by so
powerful & repulsive agency, that there is considerabl®
difficulty to be overcofne, in many instances, before a
combination can be*produced. This repulsive agency,
which mechanical force can oyercome, is called elusticity.
Cases will e brought forward hereaftery in which two
different kinds of air that posgess a strong affinity for
each othe‘r, will nevertheless refuse to combine, on ac-
count of the (ﬁﬁiculty of bringing their particles into
wiuch cohtact as will permit the affinity to act: yet, if the
distance be lessened, as by mechanically forcing or com-
pressing the particles nearer to each other, they will
combine with facility, and even with violence. And
wherg this cannot begdone, the union may still be effected
by presenting the gases to each other divested of the
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repulsion which belongs to them as gases, or, more pro-
perly speaking, before this repulgive power can have
attached itself to them ; namely, at thg moment d¥ their
generation, or while they are yet in what is called the
nascent state.

It is true, that in these cases, heat ultlmately appears
to be the antagonist of affinity; not by diminishing the
power of affinity, as in the case just now adduced of
lime and water, but by keping the particles of the gases
concerned out of .the sphere of*each other’s chemical at-
traction. Thus, rarity ig as much an obstacle to chemi-
cal affinity as density.

But rarity does not always offer opposition to chemi-
cal union : the affinity of some gases is of so powerfu'l a
kind, that the moment they are presented to each other
they combine, and sometimes to the exclusion of the heat
which maintains them in the gaseous state : hence they
cease to exist as gases. Instances will be given hereafter.

Hayving shown that affinity is a property possessed by
all bodies ; that every kind of matter has, in all proba-
bility, an affinity for every other kind of matter, althbugh
circumsiances may prevent it from being exerted with
effect, so as to produce combination ; we must enquire,
Are there any limits to its operation ? has it a continual
otendency to produce combination ? does combination sa-
tisfy or lessen that tendency?' or, to speak metaphori-
cally, is it an insatiable appetency of matter for matter ?
A few facts of common occurrence’ will illustrate angl
answer these questions. Jf lime be left exppsed for a
length of time to the atmosphere, it absorbs from it a
kind of air which is call® fixed air, or carbonicacid gas.
The absorption of the carbonic acid goes gn progressively
until a certain period, and then it ceases : thus, 100 parts
by weight of lime will absorb 78} of carbonic acid; bute
the lime may be exposed for ever, and it will never absorb
a pa.rncle more. This combination of lime and carboni¢
acid is found ready-formed abundantly in nature : chalk
is precisely such a compound; soealso are limestone,
marble, and various minerals. With regard to these
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substances, all very different in appearance, it is remark-
able that the lime and carbonic acid bear to each other
exactly the same proportion, 78§ of the latter to 100 of
the former: it is therefore apparent, that when these
relative weights we present,‘the affinity of each for
the acher is satisfied, and the attraction, under ordinary
circumstances, ccases to be exerted any Yurther. When
bodigs combine i in such a way that the affinities are sa-
tisfied, they are said to saturdte each other.

In the same manner,othe substance called potash has
an affinity to carbonic acid; and, when under proper cir-
cumstances, will absorb it until 100 parts by weight of the
former combme with about 46 of the latter ; and then the
abSorptlon ceases, because the elastic state of the gas can
be no longer overcome by the @ffinity of the potash, now
cousiderably weakened. So far the affinity of potash for
carbonic acid in the elastic or aérial state may be said to
be saturated or satisfied ; and a definite combination is
produced : but, in fact, the affinity of the potash, unless
under these circumstances, is not satisfied ; for if its
tendency to overcome the elasticity of the carbonic acid
be assisted by any otner power, as pressure, a new ab-
sorption and combination of it will take place.

Thus it appears that potash combines with earbonie
acid in two separate portions or doses: one dose is ab-
sorbed spontaweously by <the affinity of the two bodies ;
but thisis limited by the counteracting tendency of the
carbomc acid to rerhain in the elastic state. If the elas~
ticity be Lcounteracted by mechanical compression, the
affinity is afain exerted, and a new pewtion of carbonic
acid, cor;stltutmg a second dese, is absorbed. The
quantity constituting the first dose is about 46 parts by
weight ; that constituting the second is nearly 92 to
every 590 of potash,

There is one thing that deserves remark with regard
to these two doses of carbonic acid taken up by the
potash.” It is an extraordinary fact, that each dose is
precisely the same in quantity: so that if 46 parts of
carbonic acid unite to 100 of potash to constitute its first



CHAP. IV, ATTRACTION OF AFFINITY. 35

dose, 46 more will unite to form the second dose, and
the potash will just contain twige as much in the
second as in the first case. This is an, importan® fact :
it should be well understood and remembered, because it
is an illustration of howe«€ombinatioas in gencral are
effected where a body has an affinity to different eloses
of other matter’ A distinct chapter will be devoted to
this subject. .

It has alrcady been obsetved, that, as far as we know,
all bodies have an affinity for each other, although there
may be antagonist forcese which- prevent combination.
We have now to enquirc whether themicul attraction
acts with equal force on every kind of matter.

There are three substances in common ufe, and well
known to almost every ¢he; magnesia, lime, and nitric
acid, commonly called aqua fortis. The nitgic acid has
an affinity for cach of the other two bodics ; it has an
affinity for the magnesia, and will combinc with 1t; so
also will it with the lime. Suppose, then, that these
three bodies are mixed together ; what will bc the
consequence ?  Will they all combine together, and
form or.~ compound consisting of the three ingredients,
as would be expected from the circumstance that
the nitric acid has an affinity for both of the other
two? 'The result is curioys and unexpected. Not-
withstanding that nitric acid kas affinity Jfor Both mag-
nesia and lime, one only of thése affinities is obeyed :
the nitric acid attracts and combines*with the lime; the
magnesia is in no respect gffected or acted upgn: it ré-
mains untouched and separate, while the linfe is attracted
by the nitric acid, and cambines with it to the exclusion
of the other.* It must be observed, ho;vever,'that this
statement is enly true when the quantitics of each of
the three substances presented to each other aré®equals
The phenomenon is not the less surprising ; for, with
even the smallest quantity of acid, its equal division
between the other two bodies might have been cxpected.

We are now prepared to answer the question propused

® Davy.
» 2
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above, namely, whether or not affinity is equal in all
bodies, or are some affinities stronger than others? The
facts &bove detailed show that all affinities are not equally
strong, and that the affinity of the nitric acid for lime
is stronger than its affinity “or magnesia. On account
of this preference, as it may be called, which one body
manifests in attracting another, such’cases have been
designated elective attraction.

We shall now suppose a case somewhat different with
regard to thé same threc bodies. Suppose the nitric acid
and magnesia to have already combined, and suppose
the lime to be therf added to gle compound ; the result
will be precisely what might have been inferred from a
kitowiedgeof the former fact. The magnesia will be
detached from its combinatiecn with the nitric acid ;
the lime will take its place, will combine with the
nitric acid; and the magnesia, which had been formerly
invisible, and in a state of solution in the acid, will now
re-appear and remain perfectly separate. The former
compound, being subverted, is said to be decompounded
or ducomposed ; and the process is called decomposition.

"Most of the great hanges which are constantly taking
place in nature, are instances of decomposition. It is by
decomposition that the solid rock becomes covered with
fertile soil : it is by the same agency that-the soil throws
up its v8rdant clothing,; that growing plants are con-
verted into animals By assimflation; that animals at
length fall into dechy, and return into their original state:
in fine, it is by decomposition that the great natural
processes of renovation and decay*are kept in a state of
perpetua] circulation. ‘
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From an experiment already destribed *, it appeared, that
if two picces of lead arg®brouglit jpto contact by the
application of considerable force, they are attracted pow-
erfully, and are held together so firmly, that,the vgeight
of several pounds will be required to separate them : if
the pieces are brought info less forcible contact, they do
not cohere. Now, as it has been proved tha® they have
an attraction for each other, and, as in the present case,
a small force is insufficient to call that attraction into
operation, it is manifest that there is some other power
acting which antagonises and overcomes it, and which
must itself be overcome before the sttraction can operate.
In short, it appears that the plates of lead, when brought
together, resist the force of the hand which effects the
contact, and also their own attraction of cohesion, unless
ghe force be very considerable. The obvious §nference
is, that this resistance ig a rcpllsive power exerted by
the pieces of lead ; which may, howgver, be overcome,
and which then giveseway to cohesion. This principle
is called repulsion ; it is the antagonist of, aétraction :
its existence under a variety of forms is certain, and
can be rendered manifest’in many ways. .

Attraction and repulsion being forces apposed to each
other, they must very materially modify each ther's
agency. Yet they do so without confusion, for each has®
its proper limits ; and we find that where one commences,
the other ends; or, in other words, if attraction takes place
between two particles at one distance, repulsion will tzke
place a little further off: these distaifces, however, ate so

' # See p. 12.
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small as to be insensible, and can only be known to exist
by inf;erence. Therexare cases of another kind, in which
masses can be mide visibly attractive or repulsive of each
other, merely by varying the distance. Thus, if a glass
rod be electricallf excited, By rubbing it with silk, or,
indeéd, with any substance ; and if it Re brought near a
light body, as aspiece of cork, suspended by a silk thread,
the ¢ork will be attracted : in a moment after it will be
repelled ; but if the glass be brought with a sudden jerk
close to it, the cork will be attracted ; if the glass be
withdrawn a little,, the cork %1l be repelled, and so on
alternately. "Or a magnetised bar being freely suspended,
anpthgr magnetised bar is applied to it, end to end; if
they repel each other at one distance, they can be made
to attract each other merely by lessening the distance.
Without ciher asserting or denying that the agent is the
same in all, these experiments are here made use of to
illustrate the position, that matter exhibits attraction
and repulsion at different distances; these distances
being so minute as to elude our strictest scrutiny, and
being only discoverable by indirect means.

The theory of Boscovich affords a representation of
the constitution of matter with regard to attraction and
repulsion : it is the one at present generally adopted,
and it mgy be necessary te give a summary of that part
of it which relates toohr pregent subject. Boscovich
conceives that the pltimate particles of which all matter
i# composed are mere points without extension, and of
course incapable of being divided. These points of
matter have the property of repellin§ each other at the
smallest distances ; the smallerthe distance, the stronger
the repulsion :s 50 strong does the repulsion become as
the pgsticles approach very near each other, that no pos-

“sible force can bring them into absolute contact. The
admission of this repulsive agency becomes necessary to
the theory ; because, as the material particles are sup-
posed to have no extension, there would be, but for the
repulsion, nothing to prevent all the points composing a
mass from being forced into one, and thus would the
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magnitude of the mass be annihilated : in this sense he
understands the particles to be imgpenetrable. As the
constituent particles cannot be brought into confhct, it
follows that matter must be porous, however hard or
heavy it may appear ; and®as the repulsion varies with
the distance, the particles are capable of approachifig to
or receding from each other, or, in othgr words, of oc-
cupying more or less space according to circumstances.
The particles being repulfive of each other, it may be
asked why they do not repel cac¢h other with more effect,
and separate to such dlsgances as would cause the solid
to fall to pieces. To this question thé theory provides an
answer. Although at the smallest distances the particles
of matter are repulsive, there is a limit beyond Wifch
they are no longer so: Meyond this limit an attractive
force comes into operation, which preventss the disso-
lution of the solid state. Even the attractive force is not
without its limits ; for if the particles of the solid be
separated a little farther from each other, the attraction
not only ceases, but repulsion once more sets in. Thus
doattractions alternate with repulsions, until these chdnges
terminate in that universal attrdction which is called
gravity. In solids and liquids, the particles or points
preserve their distance from each other by being placed
Jn the equilibrium between the attractive and repulsive
influences. .

Such is the outline of® the theory of Boscovich, as far
as the constitution of, matter is concérned ; or rather,
far as the chemist is integested in the cont.itution of
matter. The theory is much more complichted, by the
multiplication of attractiens and repulslons, thap modern
philosophy requires, remarkable as it ig for adherence
to facts only as guides. It will perhaps occur to the
reader, that the existence of points of matter Withoute
extension, as maintained by Boscovich, Leibnitz, and
others, is very difficult to understand ; so intimate is
the association, in the mind, of matter and magnitude,
and so difficult is it to comprehend how points which

D 4
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passess no magnitude can occupy space. It is vain,
however, to discuss such subjects. To the student
who ﬂnds it lmpossﬂ)le to adopt opinions revolting to
his ordmary habits of thought, which found their chief
claims to admissien on the difficulty of disproof, it may
be scme satisfaction to observe, that the evidence on the
subject cannot be of a very convincing kind, when we
find Leibnitz asserting that the particles of matter have
no ehtensxon Descartes maintaining that extension is
their only property; Lecke defining an atom to be “a
continued body under vne supnrﬁcles and Berkcley de-
nying that matter exists at all.” It is fortunate for the
chemist, that a knowledge of the ultimate mechanism of
ms.d is Mot necessary to the prosecution of his re-
searches ; although it must ke admitted, that certain
hypotheses respecting the ultimate molecules of matter
may assist his imagination in conceiving several of the
most interesting natural phenomena.

Whatever the nature of repulsion may be, it is found
to be in some manner connected with what we call keat :
corpuscular repulsion is found to be increased by the
presence of heat, and Jdiminished by its absence. When
heat increases the repulsion between the particles of a
body, these particles must recede farther from each other
in all directions ; and if they all gake more remote
stations, it is obvious that ‘the bulk of the body must be'
increased : it is now, in*fact, lafger, although the quan-
tity of matter renfains the same, and it is said to be
drpanded., On the other hanﬂd if ‘a diminution of heat
lessens repulsion, the attraction of cehesion is permitted
to exert itself with more force the particles of a body
thus coofed wnll draw nearer to each other ; the body
will consequently occupy less space, although the quan-
dity of'matter remains the same ; and the body, in this
case, is said to be contracted.

From the constant and evident association of heat
with repulsion, philosophers have at length conceived
that they are both effects of the same cause. As to the
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nature of the cause there has been much difference of
opinion. Some suppose that heat i matter of a peculiar
nature ; others conceive that heat is a condmon of
matter, and that it consists in a v1bratory motign of the
constituent particles of bodées. It is &question of great
difficulty, but of little importance.

Be this as it iffay, the language of the material hypo-
thesis of heat being so much more convenient and iptel-
ligible than that of the undulatory hypothesis, we shall
use the former in preference. o

Heat is admitted by the philosophers of the present
day to be the principle® concerned *in repulslon and
heat and cold are known to produce expansion and con-
traction in all bodics. Heat is, therefore, th® antagemist
of cohesion. Chemists diave thought it necessary to
make a distinction between the senses in jwhich the
word heat may be taken. In its usual acceptation, it
merely means the effect excited on the organs of sens-
ation by a hot body. But as this must be produced by
a power in the hot body independent of sensation, that
power is what chemists understand by the word /heat :
and tc distinguish between the cfftct and its cause, the
term caloric has been substituted. The introduction of
this term appears altogether unnecessary, when the
sense in which the word h¢at should be understood
1s explained. Caloric meansethe causg of ®the sen-
sation heat: and there® seems %o reason to fear that
the perception of heat by the organs of sensation can
ever be misunderstood to be the agent in chemlcal phet
nomena.

The first question thas occurs with regard to heat is,
Where is its abode ? where does it proceed from ? The
answer to these questions is, that it exists every where;
and can be obtained from every thing. ‘o .

It is easy to prove that all bodies, whether solid,
liquid, or aériform, contain heat, even when they appear
to our sensations to be absolutely cold. They can be
subjected to such processes as willgcause its evolution ;
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and hence it is inferred, that these bodies must have
contained heat throughout their substance in a latent
and ixsensible state.

If a piece of soft iron, at the, common temperature of
the atmosphere, be struck #martly or an anvil with a
hamgner a few times, it becomes hot ; and if the ham-
mering be dexterously continued for soie time, the iron
may be heated red hot. It is common among smiths to
procure fire in this way. ~By rubbing two pieces of.dry
wood together, so much.heat may be generated as to set
them on fire; and this mode is resorted to by savage
nations. Ir rubbing even two pieces of ice together for
some time, they will gradually melt; which proves that
hectsraust liave been evolved.

The instances that can be alduced of the extrication
of heat ar¢ by no means confined to solids: there are
various fluids, which, when mixed, undergo a consider-
able elevation of temperature: such is the case, for
instance, with oil of vitriol and water: and if a quan-
tity of that liquid called nitric acid be poured on oil of
turpentine, the mixture bursts out into flame. Hence a
considerable quantity of heat must have existed in one
or both of these liquids, in a quiescent state.

That heat exists in airs or vapours is equally demon-
strable: there are instances of the quantity being so
great as <o ppoduce ignition and flame. Thus, let a
brass tube, close at oné end, o about a quarter of an
inch diameter, and-very even in the bore, be fitted with
a piston, well leathered like the piston of an air-pump,
so that when it is forced down thewube no air can es-
cape. Then let a bit of th: fungus called agaric,
about a fourth part of the size of a pea, and well dried,
be thrown down into the bottom of the tube, and let the
Ddistonsve introduced. If the air in the tube be now
compressed by powerfully forcing down the piston with
a sudden strong stroke, so much heat will be extricated
from the air that the agaric will ignite. A philosophical
toy of this kind is now commonly sold. An intense
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flame may be instantaneously produced by mixing two
airs, which will be described heregfter, called phosphu-
retted hydrogen and oxygen. .
That bodies containe heat would, f)owever, be suf-
ficiently proved withoutssthe preceding experiments,
merely by showi.ng that, under ordinary circumstances,
they can be made colder; or, in other words, that
heat can be abstracted from them ; which could not
happen if they did not ¢ontain it. The force of this
reasoning certainly depends om the truth of the in-
volved position, that cooling asbody is the same as
withdrawing heat, and that cold is*merely the absence
of heat. This is the opinion of philosophers at present :
but the reverse has been maintained, and $trikirmwex-
periments have been bwught forward to support the
opinion that cold is an agent of a distinct pature from
heat, and not merely the absenee of it; but they have
failed in proving their object. 'The Florentine acade-
micians placed a mass of ice, weighing 500 pounds,
before a concave glass mirror, in the focus of which
was a scnsible thermometer. The spirit of wime in
the tube immediately began to subside ; and when the
mirror was covered, the spirit rose again, proving that
the depression of the thermometer was not attributable
o0 the proximity of the ice, From this, and similar
experiments, it has been by seme inferrgd tfat cold is
matter sui generis; bt the ddctrine has few if any
adherents. If we gonsider the prbcess which causes
the rise of the thermomgter when a heated body 1s
before the reflector, and if we admit that cold is the
absence of heat, then, By supposing the course of the
calorific rays from the heated body to be inVerted, we
find that ice should depress the thermor.neter, inasmuch
as the thermometer then becomes the source®ef heaj
instead of being its object.
As all bodies contain more or less heat at all temper-
atures which the world ever experiences, and as a por-
tion can be withdrawn from them,qor added, it becomes
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a question, what are the effects produced upon the body
by the loss or by the addition.

If éeat be the principle of repulsion, and the anta~
gonist of cohesion, the conseqrence must be, that, by
withdrawing heat, the attruction of cohesion will be

* allowed to act with more energy ; the particles of the
body cooled will be drawn nearer together ; and if so,
the total bulk of the body must be diminished. Hence,
the effect of cooling is to dintinish bulk. If a body, in
consequence of being cooled, has its particles brought
nearer together, there will be a greater number of particles
in a given bulk than before. Thus, if a bar of iron, 10
inches long, could be so far reduced by cold as to
mez:dtre bt 93 inches, it is obvious that any given
inch of the bar, in its contracted state, must contain
a greatcr number of particles of iron than before. The
quantity of matter in any given bulk of a body, as has
been already explained, is called density, or specific gra-
vity ; and it follows, that in the case of the bar of iron,
its density or specific gravity is increased by cooling,
becawse a greater quantity of matter is brought into a
smaller space. And it*may be rcceived as a general law,
which, however, is not without exception, that the effect
of cold on all bodies is to lessen their bulk and to in-
crease their specific gravity, Conversely, it might easily
be anticipated that, by adding heat, the repulsion of the
material particles would be incréased, the bulk would be
increased, and the Specific gravity diminished : this, ac-
Brdingly, is found by experiment to be the case; and
the law appHes to matter, wheth® in the solid, liquid,
or gaseous state. The expansion of solids and liquids
for equal ‘additions of heat is not always equable ; when
at a high temperature, a further addition of heat will
cause {reater expansion than at a low one: but this
does not apply to gases; they expand equably.

The expansion by heat, and contraction by cold, of
bodies in the solid, fluid, and aériform state, is easily
shown by experiment.
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A bar of iron, made to fit into a gauge, with ease,
when cold, will, when heated in ite no longer fit it, but
will become so large, that it cannot enter it. On
cooled, it will resume its former dimensions, and again
fit the gauge. If the bar Be made to ¢t the gauge, at a
temperature approaching to redness, so as to refhain
fixed, it would drop out when cooled. In this experiment,
however, it is important that the temperature ofe the
gauge itself should not be changed.

If a glass flask with a long ifeck, and
filled to A with cold wate;,‘be hc.ated the
water will begin to rise in the neck, and °
after some time, the vessel will be com-
pletely full : when cold, the water will fall
back to its former level. ® This involves
the principle of the thermometer.

If an air-tight metallic vesstl, con-@
taining water as hlgh as A, all the rest ¥
being filled with air, and havmg a tube,
B, descending into the water, furnished with a stop-cock
at C, be heated until the air become hot, its tendéncy

to expand will increase its elastic force so much that it
will press so strongly on the surfacg of the water, that
when the stop-cock is opened, a jet of water will be
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projected to a great distance. When cold, the air
will shrink to its former volume; and if the stop-
cock Be opened while its jet-pipe is immersed in water,
a quantity of water will rush in, to supply the place of
, that which the air had exPelled. A bladder partly
" fille® with air, if held before the fire for some time,
will appear ful}; but, on cooling, it will shrink to its
original bulk. Air and all vapours and gases expand
by heat equally : the rate is' 1} ,th part of their whole
bulk for every degrec off the thermometer.

In all these cases, the addition of heat caused expan-
sion, wheth®r the body concerned was solid, liquid, or
acriform ; and its abstraction occasioned diminution of
voliime. "But diminution is not caused alone by the
abstiaction of that quantity bf heat which had been
added. If the body be cooled lower, for instance,
much below the naturdl temperature of the surrounding
medium, the particles composing the body approach
still nearer each other, and the contraction increases.

As expansion and contraction are, with a few excep-
tion$, invariable results of increase and diminution of
heat, expansion has been made use of as the measure of
heat, and the principle is adopted in that simple instru-’
ment called the thermometer. The thermometer is no
more thain a glass tube of very small bore, with a bul
blown on its end. Theebulb and part of the tube are
filled with mercury ; and whén heat is communicated
o the mercury, it expands and riges in the tube. The.
height ta which it rises is the measure of the heat ; or,
in other words, the more or less the mercury nses,
the greafer or less is the intenSity or degree of the heat.
A scale is affixed, on which different degrees are en-
graved ; of these degrees, two are the rcpresentatlves of
*certainl remarkable phenomena constant in their agency
and immutable in their period of occurrence, namely,
the .points at which, under certain circumstances, dis-
tilled water freezes and boils ; all the rest are arbitrary
divisions of the space between these two invariable
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points.  Different divisions are adopted in different
countries ; a circumstance to be lamented, as compa{ison
of tempcratures thus becomes inconvenient.

Water, at certain temperatures, furnishes an ex-
ception to the law of exPansion byeheat, and con-
traction by cooling, which is well worth consideratfon.
If a glass flask, with a very long necksbe filled with
pure water at 60° to the middle of the neck, a ther-
mometer being immersed ; *and if some of the means
hereafter described be used for®gradually reducing its
temperature ; it will be fdund th’at,.in proportion as
the water cools, it contracts and sinks in® the neck,
until the thermometer arrive at 393°. Tle cooling
process being continued, the water, instead of con-
tracting still more, begins %o rise again in the neck, and
continues to do so until the water freezes, amd then it
suddenly expands much more. Thus 394° is the ther-
mometric degree at which water is at its maximum
density ; above or below that, its density diminishes :
and hence it is obvious that ice is specifically lighter
than water : this is the reason that ice floats on waler.
Dr. Thomson found its specific g?avity 0-92, that of
water being 1°00.

The expansion of water in the process of freezing
‘%:S discovered by Paulo del Buono, an Italian philoso-
pher ; and the fact was publishe® by his asseciates of the
Accademia del Cimento (S'ociety for Experiment). This
has been long knowng but it has escaped observation,
that these academicians had also made an experiment
which evinced that the maximum density is” above the
freezing point, although they drew a wrong conclusion
from it ; and of this any one may conwince himself,
by considering the experiment detailed at p.106. of, their
Transactions. They also proved the enormous force
with which water expands in the act of freezing:
spheres of glass, silver, and gold, were burst by the
contained ice. A sphere of brass was burst in .his
manner, which Muschenbroek calculates to have re-
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quired a pressure from within equal to [27720 pounds.
Other striking resuls have since been obtained.

It having been already shown that the addition of
heat expands bodies, and that its abstraction diminishes
them in volumey it follows, as a necessary consequence,

" thay heat lessens density, and that cold increases it. If
a vessel be fillpd to its brim with cold water, and heat
app'ied, the vessel soon begins to overflow, because the
water expands. When the water comes near its boil-
ing point, the vessel siill remains full, although much
has left it. The particles of the water must, then, have
been repelled by the heat to greater distances from each
other. But if the vessel, now full of boiling water, be
aliowed to cool, the water shrinks below the brim of the
vessel ; for the heat or repulsive quality being dissipated,
the particles of the water resume their original distance
from each other. The consequence is, that hot water
weighs lighter than cold, the bulks being alike; as is
easily proved by pouring a pint of boiling water into
one basin of a pair of scales, and a pint of cold into the
other ; the latter will preponderate. It is but another
mode of expressing the same fact, to say that hot water
is specifically lighter than cold water: and the position
is equally true with respect to all bodies, whether solids,
fluids, or airs. The change of density, according to the
change of temperature,cis easily proved. Let a hollow
glass ball be so prepared that 1t barely sinks in a vessel

Jof water at the temperature of §0°. If iced water be
poured jn, the density is iinereased by the cold, gnd
the ball, ndw specifically lighter than the water, ascends
to the tpp. If hot water be: added, the density is les-
sened ; the hall, rendered specifically heavier than the
water, sinks to the bottom ; and it may be made to rise
and 1all alternately.

The foregoing considerations enable us to obtain
some insight into the structure of matter, and to appre-
ciate the value of Boscovich’s theory, so far as it need
be applied to the facts which have come under ob-
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servation. Tt was shown, when noticing the theory
of that philosopher, that the particlgs of matter are sup-
posed to be repulsive of cach other at small distabces;
attractive at distances a little greater; und at still
greater distances, once more repulsive.e It appears that
the repulsive agent concerned is caloric, and that its offer-
ation is a countefacting force to the attrgction of cohe-
sion.  Solidity is, therefore, expressed by the following
condition : — the constituen® particles of matter are kept
at a certain distance from each other by two forces ; co-
hesion, which draws them together, and calorific repul-
sion, which kecps them® asunder ; ®and their actual
distances from each other are precisely between the
limits of the two forces: this is the cquilibrium of
Boscovich. The additionsof artificial heat, by increas-
ing the repulsion between the particles, muse augment
the bulk of the solid, the cohesive force being so far
weakened ; and the abstraction of heat, by lessening
the repulsion, must permit the coesive force to act with
more energy. It wmay, therefore, be laid down as a
truth, well ascertained, that the effects of caloric and of
cohesive attraction are opposed, aull constantly antago-
nise each other. I am not aware that the following facts,
which are highly illustrative of the subject, have been
observed by others. At page 12. a figure is given, re-
plesenting two picces of lead, with a scale-pan and'weight
attached, showing the fofee of the cohesive attraction.
1f, while the scale-pan js well loaded, fhe pieces of lead
be heated, their attraction ig lessened by the repulsive
agericy exerted by the heat, and the lower piede falls off.
The most convenient mode of heating the two plates of
lead is, to direct a jet of burning hydrogen, pressed from
a bladder furnished with a stop-cock and pipe, upon the
junction of the plates. The heat need not be very gréat.
If a wire of zinc, about 2 inches long and - th
of an inclt thick, be supported at both ends, while
a long wire hangs from its middle, sustaining about
7 avoirdupois pounds ; and if, in this state of things,
a flame be held under the zine, its attraction of cohesion
E
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will be so far antagonised by calorific repulsion that the
zinc will first bend,a little, and then suddenly break in
two  but therenwill not be the least symptom of fusion.
If an empty glass globe, witha long neck, be set on a

polished brass ring of a chemical stand, on which it
merely rests without fitting down into it more than an
inch, the neck forming an angle of about 45° with the
horizon, it will remdin in that position while it is cold.
But if a voluminous flame of a spirit lamp be applied
far below, yet so as to heat the globe and the ring®$uch
a repulsive force will be generated betwcen the glass afld
the brass, and their coatact with each other will be %o
far lessened, that, aftet some tiine, the long neck will fall
, down, provided that the origingl posture of the globe
was balanced so exactly as jo be overset by the smallest
disturbance. If a few drops of wat®r be let fall on a
very hpt iron plate, they glide over it in all directions
with amazing volubility ; and they do not adhere to it
as they would were it cold : for repulsion acts between
thein. Or if ardent spirit be made to boil gently in a
glass flask, globules of perfect sphericity will dance over
the surface without coalescing : for they repel each other
as well as the surface over which they glide ; and they
are spherical, owing to the cohesion of the liquid, which
is not counteracted by any attraction from the surface
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beneath. If a small disc of tin plate be hung from
its centre by a wire, and if a similar disc be made to
adhere to the under surface of the fornter by the inter-
position of a few drops of water, and pressing the discs

moderately until they adh&re, they wi#l remain in con- ,

tact. But when the heat of a spirit-lamp is apPlied
underneath, the cohesion of the water will be so much
weakened, that the lower disc will immediately fall off.

The expansion produced®in bodies by the addition of
some heat, and the condensation 8r contraction occasioned
by its abstraction, haviig been so’ fap investigated, it is
next to be enquired what other effects may be produced
upon matter, i its three states of existence, Ry a further
addition or subtraction of heat.

If a piece of lead be ‘heated, the first effect of the
repulsion is to produce expansion and dimsinution of
density : the heat continuing to® increase, the particles
of the lead continue to repel each other more and more;
until at length they are so fare separated as greatly to
weaken their attraction of cohesion: hence, the solidity
of the lead is broken down and it melts. If the melted
metal be allowed to cool, the heat’or repulsive power is
withdrawn, and the cohesive attraction of the particles

d is permitted again to exert itself: hence the par-
ticles are drawn together more and more as thg heat is
issipated ; and at length, when_ the leace is cool, the
particles have arrived af’ that contiguity to each other
which constitutes solidity, and the metal is as hard and,
as dense as before. . .

In this instance, the heat necessary to liquefy the
lead was necessarily constderable: but there awe other
bodies which, under ordinary circumstances, are always
liquids, as water; yet the analogy still holds: for, as
the liquidity of lead is caused by heat, so also is that of
water : if its temperature be sufficiently reduced, it will
become solid ice ; and the only difference is, that water
requires to be’ cooled much lower than lead before it
solidifies. .

The melting of ice is, therefore, explicable in the

E 2
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same manner as that of lcad ; the first effect of the heat
is to gause repulsion-between the particles of the ice, and
this goes on until the repulsion almost balances the at-
traction of cohesion; then tle solid ice bieaks down
into water.

1t we continue the application of heat still further,
the same process of cxpansion goes on ; the particles of
water, as the heat increases become more and morve re-
pulsive of each other ; and at length the balance between
attraction and repulsion is subverted, the attraction is
avercome, and the repulsion "prevails over its antagonist
force. When this happens, the watery particles at once
expand themselves so far asunder as to alter altogether
the state of the water, which now is converted into what
is called steam, or vapour ; aund the more this is heated,
the more #t expands, unless it be confined.

Steam, while hot, Is in a state very like that of the
atmosphere: its particles are at a much greater distance
from each other than those of water. If these p'lrticles
be brought nearer each other, either by removing the
heat which is the causc of their repuluon or forcing
them to approach by mechanical pressure, they coalesce,
and the result is water.

It appears, therefore, that water is capable of under-
going three different changes, by being made to contain
three differeat quantjtles of heat. It may exist in the
state of a solid, a liquid, or’a vapour or air. In the
same manner various metals, sulphur and a vast number
of bodies, are capable of assuming these three states, ac-
cording to the degree of heat: and it is not only under
some ane or other of them tiat all the bodies in nature
exist, but itcs supposed that every kind of matter is
capable of assuming each of the three states, although
as yet we do not, in every case, possess the means of
communicating heat sufficient for the purpose.

The sum of the preceding statements is, that all bodies
contain a certain portion of heat, which, being natural
to them, is insensible unless called forth ; that if to a
solid a sufficiency of heat be communicated, it melts and
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becomes a fluid. If another portion of heat be added,
the fluid boils away, or evaporates in the form of a
vapour, or gas. The question then occtrs, If bodies be
deprived of their heat, do they pass retrogressively into
the other states? and the®answer must be affirmative,
provided the bodies can be sufficiently cooled. This, a
solid that has become liquid by heat, will again become
solid by cooling ; and a vapour, if cooled, will beeome
liquid or solid, according to its nature. But there are
some vapours which cannot, by®ny attainable degree of
cold, be made to changg®their forig: these are what
are called permanent gases, of which the®atmosphere
is an instance. 'When a body becomes solid, which was
not previously so, no matter how the change has been
effected, the heat that onstituted the previous state
is liberated. When a gas becomes a fluid®or a solid,
heat is always liberated and rendéred sensible : and heat
is also libciated when a fluid becomes a solid. These
important laws can be illustrated by experiments easily
exccuted.

The substance known in the arts under the name of
sal ammoniac is a hard, white solid, having a crystal-
line texture. Notwithstanding the hardness and leavi-
ness of this substance, it is composed of two different
&inds of air, or, as chemists call it, gas; and jt is easy
for even the inexperiencgd to r¥splve it into its two con-
stituent gases, by processes which, although he may not
as yet understand, be can execute. These gases arg
known to chemists by the name of muriatic acid gas and
ammoniacal gas. If powdered sal ammoniac be mixed
with oil of vitriol in a &mmon phial bottle, ghe phial
will shortly be filled with vapours. If a sork be adapted
to the phial, and a slender glass tube be fitted tight in
a hole bored through the cork ; and if another phial,’
perfectly dry, be inverted over the former, so that the
glass tube passes up a few inches into it, the vapor r will
enter the second bottle: after some time, it will expel all
the common air with which the Wbttle was originally
filled ; and the bottle will now contain nothing but mu-

E 3
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riatic acid gas. If a bit of ice be thrown into this
bottle, and the bottie corked, the ice will immediately
melt, and the gas will all disappear. That it has dis-
appeared may be proved by suﬂdenly drawing out the
cork ; for commor air will rush into the bottle with such
vxolence, that a slight report will be produced. The mu-
riatic acid gas has,in short, entered into the ice—it has lost
its fotm of gas—it has become a liquid ; and, in so doing,
it has parted with the heat which caused it to be a gas;
the liberated heat entered the ice, and melted it into
water. The expenment can he made in a much more
elegant and convincing manner ; but to do so would
render the description complex and the execution trou-
blesome.

The other constituent gas may be separated from sal
ammoniac by mixing its powder with a little slaked lime,
heating the mixture in a bottle, and inverting a dry
empty bottle over the glass tube, as before. If a bottle
filled with muriatic acid gas, and another with ammo-
niacal gas, be closely applied mouth to mouth, so that
the two gases can mix, but not escape, it will be found
that, from bcmg transparent and colourless like common
air, they will, in mixing, immediately change to a dense
white cloud, at the same time that the bottles will be-
come warm. After some hours, the white cloud wil}
subside into & thin, splid coating on the sides of the
bottle, which is, in fact, the original sal ammoniac, re-
generated from its two constituent gases. Thus, the
gases, when mixed, pass from the @aseous to the solid
state ; in domg so, they both part with the heat which
caused them to be gases; and ‘this heat is so great as to
warm two considerable masses of glass. We have now
. to exemplify the case of a fluid passing to the solid
state.

A familiar instance is the slaking of lime. If on a
piece of well-burnt roche-lime, its bulk of cold water be
poured, it will be soaked up, and the lime will appear
as dry as ever. In*a few minutes the lime will swell
up, burst, and become hotter than boiling water, and’
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clouds of scalding hot steam will arise from it. In this
case the water lost its fluidity, and formed a dry powder
with the lime ; the heat which caused the water t8 be a
fluid was extricated, and it was sufficient to raise the
temperature of the whole rhass considesably.

The last instapce which shall be adduced is an aifalo-
gous one, and is that of a solution of Glguber’s salt in a
glass globe, described at page 19. This liquid, ase has
been already mentioned, %ill not crystallise, or pass
into the solid state, until the vessel is shaken or opened,
or the surface of the soluidn touched: it then suddenly
becomes solid, and the temperature rises. *®

Converscly, when a solid becomes a fluid, or when a
fluid becomes a vapour, or a gas, it migh?:, from the
foregoing facts, be anticfpated that heat would disap-
pear: it accordingly does; and so much of it is ab-
sorbed and concealed, that the bddies concerned become
colder than before, ‘

Thus, let 1} pound of newly crystallised common
Glauber’s salt be reduced to fine powder and thrown
into a thin glass basin, with 15 ounces of nfuri-
atic acid, and let the whole b¢ immediately stirred
round with a glass rod : the powder, from being a solid
(for its particles are solid), dissolves, — that is, passes to
dhe fluid state, — and this it could not do without re-
ceiving a supply of heat. The supply.is withdrawn
from the whole contents’of the basin ; hence their tem-
perature is reduced ; and so cold ddes the mixture be-

_come that a tube closed gt one end, filled with water,
and immersed in it, will immediately freeze, even
during the heat of sumnfer. The heat thus withdrawn
has entered into the solid particles of Glauber’s salt, or
the solid water contained in it, and they, in conse-
quece, have assumed the liquid state ; while the Reat is
concealed or absorbed in some way that is not easily
comprehended. Or, if snow, and half its weight of rom-
mon salt, be suddenly mixed, they immediately become
liguid: and the mixture, if the iwgredients were ori-
ginally at the freezing point, will be reduced to 32° or

E 4
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40° below it. Professor Braun froze mercury with a
mixture of snow and nitric acid. The same absorption
of helit takes place with certain metallic mixtures: if
207 grains of lead, 118 of tin, and 284 of bismuth, all
in filings, be mired with 1617 grains of mercury, the

' temf.crature will be lowered from 64°to 18°.% It is

’

only some metals that answer this purpose. When gold
and Jmercury are combined, heat is produced. (Olden-
burgh, Philosoph. Trans., No.122.)

The most common instance of the conversion of a
fluid into a gas is, evaporation;; and to prove that heat
is withdrawh from the bodies concerned, and cold pro-
duced, a simple cxperlment will suffice. 1f some strong
ether be pouled on one’s hand, it instantly evaporates, —
that is, changes to the state of vapour ; and as in order
to do this, it must derive a supply of heat from some
source, it does so from the hand, and there is a sen-
sation of intense cold produced. Persons who have not
made such subjects a part of their study, are apt to con-
ceive that there is an inberent coldness in the ether, and
they are the less surprised. 'The following experiment
seems sufficient to remiove so erroneous a notion. Leta
thermometer be plunged into a phial of ether for a short
time; no change takes place, proving that the ether
possesses no natural coldness : but let the thermometer be,
taken out, and instantly the mercury begins to sink,
evincing that the cold was produced by evaporation from
the bulb. If a very thin glass tuke, closed at one end,
and filled, with water, be wrappcek.round with muslin ;
and if the tlibe be frequently immersed in strong ether,
allowing what the muslin soak§ each time to evaporate,
the water in a ghort time will be frozen. Blowing warm
air on it will even hasten the cooling, because it pro~
motes the evaporation. By wetting the bulb of a therfao-
meter constantly with ether, and blowing on it with a
bellows, Dr. Franklin sank it 25° below freezing *; and
even without blowing, Cavallo sank it 4° lower. {

* For the production of 'cold, Mr. Walker, formerly an apothecary at
Oxford, has given various formulee of freezvng mixtures.
+ Expmmenu and Observations, p, 364, 1 Ph:losoph Trans. 1781, ~



CHAP. V. HEAT. 57

On the principle of evaporation, coolers for wine or
water are commonly constructed. ¢ A vessel made of
porous earthenware is filled with witer, which, by
soaking through and cvhporating, keeps the water and
any thing immersed in it ‘cold. The®porous vessels so
generally used ip Spain, called alcarrasas, were intro-
duced by the Arabians. In warm orjental countries
they have been used for centuries. .

As evaporation takes plate much more rapidly in the
receiver of an air-pump when tfe air is withdrawn, the
cold produced is the greater: bt ghe watery vapour
must be continually removed by the constant action of
the pump, which is a difficult and imperfect mode.
Leslic obviated this, by introducing some substance which
absorbs watery vapour rapidly, as strong sulphuric acid,
or certain carthy substances. In this way, by exposing
a thermometer coated with ice, hé promoted the evapo-
ration of the ice so rapidly that the mercury froze. Pro-
fessor Configliachi, of Pavia, alw froze mercury by the
evaporation of water.

T some cases, where a gas or a vapour is formed or
extricated fiom a liquid, although’cold is actually pro-
duced, it is not sensible ; for an approximation has taken
place between the particles of the liquid ; it has become
wore dense, and even this approach to solidity cguses an
extrication of heat whic countbgbalances %the cold, and
hence the temperature is scarcely chapged. This hap-
pens, for instance, in she case of mixtures of substancese
which occasion that kind ofeapparent boiling inethe cold
called effervescence,—as when dilute oil of vitriol and
common magnesia are mifed fixed air is developed, the
necessary heat being derived from thesliquid, which
hence would become colder, but that it has suffergd an
increase of density. Theliquor is now less fluid, that is,
as might be said, more solid : heat is the consequence,
and this supplics the place of the heat which had been
withdrawn by the evolution of fixed air. Indeed, there
can be little doubt that in all cases in%which cold is pro-
duced during sudden liquefaction, and in which an in.
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crease of density happens, the degree of cold is rendered

less intense on acceunt of being counteracted by the

evolution of sonte heat occasioned by the increased den-

sity. Such must be the case i the production of cold
, from concentrated nitric acid and snow.

Ffom the foregoing statements it appears that heat has
the effect of expanding, or, as it is called, rarefying all
bodivs to which it is applied ; that the series of changes
of form produced by this rarefaction is from the solid to
the fluid, and then to the aériform state. A solid ex-
posed to heat first expands, and then becomes a fluid :
the fluid then expands, and at last in an enormous
ratio, and becomes a vapour or gas; which, if further
heated, still further expands: but no other change of
state happens beyond this. 'The converse changes are
the contradtion or condensation of a vapour by cold; a
sudden contraction in an enormous ratio so as to form a
liquid ; a further contraction into a solid ; and this may
be still further contracted by a greater cold.

1t appears also, that during this series of changes of
form, heat is either absorbed and concealed, or liberated
and rendered sensible.

Notwithstanding, when a solid is about to bccome a
fluid, or a fluid a gas, the caloric, which is to constitute
and be {'oncealed in a new state, must previously pasg
into the body in a sensible form ; and the process by
which it becomes Quiescent, and afterwards sensible, is
€xtremely curious.

We skall take water as tke ‘mdy in question, asit is
easily made to assume the three states — ice, water,
and vapour. If a thermomet€r have its bulb bedded in
a picce of ioe; the instrument will indicate the temper- -
ature of the ice: suppose it to be at that time 20°.
Brmg the thermometer, still immersed in the ice,sinto
a warm room, the temperature of which is, perhaps, 70°,
it begins to rise, indicating that the ice is receiving ca-
loric from the surrounding warm air. The thermometer
continues to rise, until it stands at32°: until this period
the ice remained hard and dry; but at 32° it becomes
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moist, begins to melt, and this melting process goes on
until it is liquefied. Meanwhile thesthermometer, which
rose progressively until it arrived at 32°, stops there;
and, all the time that the ice is slowly melting, re-
mains stationary at that degree; notwithstanding .that
another thermorgeter, hung up in the room, indicates
the air to be still 70°. As soon as the whole of the ice
is melted, the thermometer immersed in its water begins
to rise ; and it continues to do so from 32° until it ar-
rives at 70°, which being the témperature of the room,
it can rise no higher. It should he qbserved that while
the ice is melting, both the ice and the water are at the
temperaturc of 32°; and the water remains at that degree
while there is any ice unmelted.

From this experiment, we may reason as follows : —
When the ice at 20° was exposed to an atrﬂosphere of
70°, the heat of the air in the room entered into the ice,
and raised its temperature until the thermometer stood at
32°, when it became stationary. * The first question that
occurs is, Why did the thermometer remain stationary ?
can we suppose that the heat of the atmosphere ceased to
enter into the ice? Such a supposition must not be ad-
mitted ; for then no reason could be assigned for the
continued melting of the ice, and for the rise of the ther-
snometer from 32° to 70°, after the whole wag melted.
The only other way in which tife,question *can be put is,
Did heat continue to enter the ice, although it had not the
effect of causing a rise of the thermometer ? It can be
shown that this is the trutk. As soon as the ice rose to
32° it began to melt, and continued to do so until it was
all melted, when the thétmometer again began to rise,
because heat continually entered the ice ; but, during the .
change from the solid to the liquid form, it was sg con~
cealed in the substance as to be incapable of affecting the
thermometer. Heat continued to enter until as much
was absorbed as was necessary to convert the whcle into
water ; when, there being no longer any ice to render
the concealment of caloric necessary$ the latter entered,
became sensible, or free, and then affected the thermo-
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meter. However difficult it may be to conccive how
heat can be entering-into the ice at the moment of melt-
ing without raistng its tempcrature, it is certainly true,
and can be proved by a very ‘satisfactory experiment.
Take a pound of ice, broken §mall, at the temperature of
32° which it will exactly reach if exposed to a some-
what higher teraperature, until it begins to grow a little
moist ; to this pound of ice, add a pound of water heated
to 172°; mix them together? the ice immediately melts,
and reduces the tempefaturc of the water from 172°
to 32°, which was_its"own ori’ginal temperature. \What,
then, has become of the 140° of heat lost by the hot
water ? There is no other way of explaining it, than by
admitting that this quantity of caloric has entered the
ice, has become concealed in it, was just sufficient by
its concealid existence to convert that much ice into
water, and was the eXact quantity which would have
raised an equal weight of water 140°, although it did
not heat the ice at all.

Perhaps the following experiment is still more strongly
illustrative of this doctrine: — Take a pound of water at
32°, and a pound of water at 172°; mix them, and the
resulting temperature will be found 102°, the arithmeti-
cal mean, or midway number ; for one has lost as much
as the other gained. But substitute an equal weight of
ice at 32° fur water 8t 32°, and the resulting tem=
perature will be still 32°. The difference, therefore,
detween a pound of water at 32° and a pound of ice at
82° is, that the former not onl¥ contains as much heat
as the latter, but such an additional quantity as would
be adequate to heat another pouhdof water 140, although
it is concealed.

It appears, therefore, that when ice arrives at 32°, and

* the thermometer ceases to rise, a great quantity of heat
must enter it before it can be converted into water: and
that whatever heat is required to raise ice at 31° to water
at 322, is vastly greater than what would be necessary
to raise water fromt® 32° to 38°, or ice from 31° to 32°;
and, to conceive the change more precisely, it must be
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understood that the whole quantity of caloric thus re-
quired is employed in converting jce at 22° into water
at 32°. ’
Were it not necessary to the liquefaction of ice, that
a large quantity of heat should be alsorbed ; and were
the opinion true, which prevailed pieviously to the efa of *
Bluck, that the change of ice at 32° intg water requires
but a very small addition of heat; the consequences,
says that celcbrated philesopher, would be dreadful:
torrents and inundations arising from the sudden melt-
ing of snow and ice woultl be irresistible ; they would
tear up and sweep away cvery thing,"—and%o suddenly,
that mankind could have great difficulty to escape their
ravages. It is the same slowness of liquefaction, he
observes, which enables ws to prescrve ice in summer in
ice-hcuses ; and the melting is still further getarded by
the difficulty which external heat experiences in penc-
trating the building. Snow continues on many moun-
tains during the whole summey in a melting state, but
melting so slowly that the whole of that seasun is not a
suficient time for its complete liquefaction.— (Back’s
Lectures, i.118.) .
Mercury in this respect resembles water in its habi-
tudes. A mass of frozen mercury, with a theimometer
.included , if brought into a warm room, will rise to 39°
or 40° below zero, and remain &o during the whole time
that the mercury is mel@ng ; for’this is its freezing point.
. Let us now follow,up the original®experiment a little
further. The ice having peen all melted, and the ther-
mometer having ascended from 32° to 70°,°which is the
temperature of the roomg no further increase of temper-
ature can take place unless artificial heat be,communicated.
If the heat of burning fuel be applied, the thermome-
ter again begins to rise, and at length reaches th® tem-
perature of 212°. Baut here it stops; and, as happens
in the case of the melting ice, no heat that can be ap-
plied will raise it a degree higher. A new process now
sets in: bubbles form in the bottom of the vessel next
the source of heat; they rise to the surface, break, and
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discharge steam, which is, in fact, a gas composed of
particles of water upited with caloric, and so highly re-
pulsive of eachrother as to occupy no less than 1720
times * more space than the original water. Hence its
extreme lightnesg and thinness or rarity. This form-
atio and discharge of steam-bubbles constitutes what is
called the boiling of water.

During this process, the steam forms continually; and
its temperature, as well as <that of the water, is conti-
nually 212°: the water, therefore, when it arrives at
that degree, undergoer a change of state ; ealorific repul-
sion overcomes thHe cohesion of the water ; steam is
formed ; and all further addition of heat enters into the
same kind of concealed existence as it does in melting
ice, and instead of raising the temperature, is expended
in forming, steam until the whole of the water is boiled
away. But, after this absorption and consequent con-
version into steam, heat may be applied with effect, and

* This determination is so Cifferent’from what is inferriblc from the
experiments of Gay-Lussac, viz 1297 5 at 609, and 1689 at 21<0 (sce Them-
son on Ileat, §c 20?), that 1t is neceasary to explain the manner in which I
ded it. lation 1s founded on the supposition that two volumes
of hydrogen and one of oxygen contract into two volumes when they com-
bine; and this is the only supposition that is compatible with the direct
experiment made by Gay-Lussac on the expanston of water mto steam.
The other elements are the specific gravities which 1 hereafter assign to
oxygen and hydrogen, for reasons stated, and the weight of a cubic inch of

water lately adopted by the legislature, viz, 252 458 grains at 620 ; or, cor-
rected by (ii;lpm's tables, 252 5097 grains at 60°, o
1

00 culgic inches of hydrogen = 4 2394 grains.
0 - - Coxygen e« 339153

.8 2) 581547
- -
- - 40773
» Hence 190773 : 100 : : 252'506 : 1323594

A cubic in~h of water at 60° would, the’erore, expand into 1323594 cubic
inches at 6(0° — we may so consider 1t for the calculation : and this, heated to
2120, would expana into 1719786 cubic mches. The specific gravity of
steam at 2120 15, therefore, 0'4768 compared with air at 60° ; and 100 cubic
inches cf 1t weigh 14°6827. The specific gravity of steam compared with
air of the same temperature as itself is 0 6191: and 100 culnc inches of
steam at 60° would weigh 19:0773 grains.

If this calcul be well founded, professor Robison’s estimate, avera‘ged
from Mr. Watt’s experiments, that a cubic inch of water forms a cubic foot
(1728 cubic inches) of steam at 2129 is very near the truth, But Dr. Black
says, * more recent experiments by Mr. Watt make 1720 or rather more,
but he is not perfectly pregise in bis opion.”—(Léctures, 3. 207) This is
exactly my estimate, and the coincid be lculati
ment 18 very striking.

and experi-
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the steam, by being enclosed in a proper vesscl, may be
made to raise the thermometer higher in proportion to
the' heat applied. ',

Thus, in the heating ,of water between the tempera-
tures of 32° and 212°, there are two distinct stages at
which remarkable phenomena happdn. At 32°, the
thermometer rerhains stationary, and will not rise a de-
gree higher while any ice remains unmelted : after this,
it ascends until it arrives at,212°, where it again remains
stationary. .

All the time that the thermomagter stands still, heat is
accumulating and becoming concealetl; during the first
stage in the water produced, and during the second in
the steam: and the heat that is thus accumulated and
concealed is what constigntes the fluidity of the water
and the vaporific formof the steam ; hence the terms ca«
loric of fluidity, and caloric of vaporisation, which merely
mean the concealed heat of water and steam. It is, there-
fore, no more than what might be expected, that water
contains much more heat thah ice, and steam much
mare than water. - .

Although it has been stated ghat water cannot be
heated beyond 212°, on account of the change of form
which it undergoes and its conversion into steam, this
statement is only true under certain limitations ; it is

®necessary to the production of such effects that ¢he steam
should have liberty to escape. 4f it be under sufficient
constraint and cannot escape, and if the containing vessel
be full of water, stem will not be formed ; the watef
must then sustain all the fdditions of hcat,ean'd its tem-
perature must rise progortionately. In this way the
water may be raised to any temperature, provided that
the vessel is close and sufficiently stron} to resist the
violent effort which the water would make to formeteam.
According to Muschenbroek, lead melts in the water of
a Papin’s digester when the water is heated under due
pressure. Lead melts at 612°. When water under
pressure is considerably heated, if the restraint be re-
moved there will be a sudden formation of steam ; a
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quantity of steam will ¥scape, a proportionate quantity
of heat will be absorbed from the water, and will become
concealed in thg steam, and the temperature of the water
will immediately fall to 2129 ; because all the heat
above this quantity was absorbed by just as much
wauer as it could convert into steam.

But in makmg this experiment, it the quantity of
water contained in the close vessel or boiler do not ex-
ceed one fourth of the whole volume of the vessel, the
results will be very different. In this case a temper-
ature of about 680° will convert the whole of the water
into steam« for, *notwithstanding the great pressure
which exists in the vessel, and which opposes the form-
ation of steam, the tendency of that high temperature to
produce the elastic state is cdequate to overcome the
opposition of the pressure. Intermediate ratios of water,
compared with the volame of the containing vessel, will
afford corresponding ratios of steam, compared with the
unchanged residual volyme of water. The same holds
good with other liquids, except that the space occupied
by the vapour, and the temperatlire necessary for its
formation, so as to overcome the pressure, will be dif-
ferent for each.

Thus, when water is exposed, under ordinary circum-
stances, to a sufficient heat, it is the easy escape of the
steam tifat prevents the heating of the water beyond
212°; but when the sttam is @nfined, the temperature
may be clevated above that point in proportion to the
¥orce whlch confines it ; fron.l this elevatlon however, it
1mmcdxatelr descends again ‘o 21%°, as soon as the
steam is at llberty to form, the guantity of heat which oc-
casioned’the i increase of temperature being thus removed.
It should here be observed, that 212° is the boiling
point*of water only when the barometer stands at 80
inches : at 31, the boiling point is 213:76: at 29, it is
but 210°19: in a common vacuum, it is 70°

It is now of importance that we should take a survey
of the two processgs which are opposed to the melting
of ice and the vaporisation of water; namely, the con-
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densation of steam and the fr!zing of water ; and it
will appear that the phenoména. of oth are precisely in
accordance with the facts detailed on th converse side.

Since water at 212° absorbs a large quantity of heat,
which converts it into stéam, but is not sensible to ,
the thermometer, we might expect that a given weight
of steam at 212° should contain, and would com-
municate, much more caloric than a similar weiglt of
water at 212°. This is, aleordingly, the case: for if
a pound of steam at 212° Be received into 5'56
pounds of water at 32°, the fornfer will be condensed
into water ; and the whole, amounting to 6*56 pounds
of water, will have the temperature of 212°. The tem-
perature of the steam (now water) has not been reduced,
yet §-56 pounds of water have been raised from 32° to
21ZFWithat is, 180° for each pound, or 1000°(180° x
5'56) in all. Had a pound of water at 212°, instead of
a pound of steam at 212°, been mixed with the 5:56
pounds of water at 32°, the resulting temperature would

. only have been 64° iggtead of 212°. Hence the ngm-
ber of degrees of he#® which steam at 212° contains in
a latent state, and which does not elévate its temperature,
is 1000. -

If* the temperature of the water be now reduced, it
will sink progressively to 32°, or the freezing point:
but at this degree, it will be retqllected that ice begins
to melt, and in so doing absorbs and conceals a very
large portion of caloric ; consequently, when the water e
is returning back to the stase of ice, we shguld expect
to have this portion of caloric liberated and rendered
sensible. Accordingly thi8 happens ; and that dt does,
the following Tacts are sufficient proofs : —s In the cool-
ing of water, it may be reduced many degrees hglow
82°, without freezing, provided that it be not agitated,
and - that it is kept perfectly still: Dr. Thomson
cooled it as low as 5°. Suppose, then, that its
temperature is reduced to 20° without freezing. If
we communicate a tremulous motiol? to the water, a
great portion will be suddenly converted into ice; the
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quantity will, according to Thomson, be proportionate
to the previous coldaess. During the freezing, the ca-
loric- of fluidity will be liberated in such quantity as
will raise the whole temperature to 32°; a clear’ proof
. that the conceal.d caloric 6f the water was extricated
* and’ rendered sensible 5o as to raise, the thermometer
12°. Similar-phenomena have been observed in the
soliciification of other substances which remained fused
at the temperature at which' they naturally become con-
crete. Mr. Keir states'*, that sulphuric acid, when of
sp. gr.1'78, the density at which it most readily freezes,
may be cooled to 29° without doing so. Agitation then
makes it suddenly freeze, and the temperature instantly
rises to 45°, its freezing point.

That water in the procesé of freezing parts with a
quantity df heat, which had been latent in it, is goved
by the fact that, in order to be reconverted into water,
solid ice must receive a large supply of heat from some
external source. If this quantity of heat derived from an
external source must be combined with the ice in order .
to convert it into water, it is very obvious thal: in the
contrary process, the water must part with the same
quantity of heat in order ‘to be restored to the solid state.
The heat parted with by the water is not sensible in the
ice, begause the temperature of the latter is mot higher
than that of “the form@k. it ig not latent in the ice, be-
cause, if it were, the ice would contain sufficient lateng

« heat to liquefy it, without the mecessity of deriving a
supply from any external gource, which is®contrary to
established fact.

1t iz owing to the large quiantity of latent heat given
out in the p.ocess of solidification, that a considerable
peripd of time is occupied in the congelation of a mass
of water exposed to an atmosphere below 82°, The
process commences by small portions of the water shoot-
ing into crystals of ice. These dismiss their latent heat,
which becomes for the moment sensible in the sur-
rounding water, «nd still keeps it in the liquid stage.

* Philosophical Transactions, 1787.



GHAP. V. HEAT. 67

The water, however, presently 1mparts this heat to the
air; and the temperature being egain lowered, new
erystals of ice are produced, and heat a’gam developed :
and this process continués untll the water is completely
solidified. J

It may be proved in the most direct manner, ‘that
while water is' undergoing the “process *of congelation,
and is maintained at the flxed temperature of 32°, it
constantly dismisses heat ; %hich is received by the sur-
rounding wir, and becomes sensiBle in it. Let a highly
sensible ait thermometer be placéd gver a Jvessel con-
taining water exposed to an atmosphere below 32°: while
the process of congelation is going on, the thermometer
will be continually affected by a current of air proceeding
from the water upwards, and it will indicate a higher
templerature than the temperature of the s&rroundmg
air. It appears, thercfore, that the water in the
process of congelation imparts to the air immediately
above it the caloric of fluidity which it dismisses ; and
that the air, thus becoming lighter than the surrounging
air, ascends.

From all that has been said, ° I
it is now manifest, that when
ice melts caloric is absorbed,
which does not affect its .
temperature ; and, convegsely, *o
when water becomes ice, ca-
loric it liberated, and Becomes
sensible in the surrounding atr. .
When water becomes steam,
caloric is similarly absorbed, - °
and does not affect the tem- °
perature ; and- when steam .
becomes water, its concealed c
heat is extricated. A

The annexed figure repre-
sents a simple apparatus adapt-
ed for expefiments of the most *
impressive character. It must

F2
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be made altogether air-tight. A is a sphere of copper
containing coarsely rowdered ice. B is a thermometer,
with its scale enjraved on the stem its bulbis immersed
in the ice: it is fastened into the neck of the sphere by
. means of a perforated air-tight cork. C is a stop-cock
commumcatmg with the interior. Suppose that, at the
commencement of the experiment, the mercury of the
therimometer immersed in the ice stands at 10°. The
- heat of a lamp being applied, the temperature of the ice
rises gradually until it reaches 32°, and then the thermo-
meter ceases to risg hiﬁher. Meanwhlle, the iee begins to
melt, and, after some time, it is all converted into water.
As soon as this happens, and not until then, the thermo-
meter again begins to rise : it continues to do so until it
reaches 212°, and then it stan'ds still again, provided that
the stop-c8ck C is apen. For now, the heat entering at
the bottom, passes intd the water, and joins or combines
with some so as to form steam. The steam is formed in
bubbles, like those of . air, at the bottom of the vessel,
and, rising to the surface, issues with force through the
stop-cock nor can any application of heat beneath raise
the thermometer higher, so long as the steam can freely
pass off. Let the stop-cock be now shut : the thermo-
meter will instantly begin to rise; for the heat that
previougly passed off in the steam, can no longer dé)
so; it must; thereforgs remain in its sersible form in
the water, and the temperature would continue to rise,
oif the heat beneath were suﬂiaent, until the whole
apparatus would burst in epieces with thewforce of a
bomb. But it is not safe to let the thermometer rise
more than as many degrees as®will prove the fact. When
the thermomcter indicates that the temperature of the
water is 282°, let the stop-cock be opecned : there will
be an instantaneous gush of steam, and the water will,
in a moment, be reduced to the temperature of 212°;
the excess of heat now finding a sudden vent through
the medium of the steam.
The relation béiween’ caloric and the three forms of
water may be considered a type illustrative of the re-
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lations between caloric and all other matter, as far as the
suBject has been examined. All®bodies, in changing
their state, render heat either latent of sensible. If a
solid becomes a fluid or’ a gas, or if a fluid becomes a
gas, caloric is absorbed afid rendered latent; and jf a
gas becomes a flaid or a solid, or if a fluid becomes
solid, caloric is liberated, and becomed sensible. In
many cases, where caloric is absorbed, and an aburtdant
supply can be obtained, the loss of it is not readily
perceived: this is the casg whert water is converted into
steam by artificial heat. But where free cgloric cannot
be abundantly supplied, heat is abstracted from all the
surrounding objects, even though they are at the ordinary
temperature of the air ¢ a.nd they are rendered cold, be-
cause the quantity of heat necessary to supply the portion
absorbed during the change of state cannot e replaced
with as much celerity as the absorption took place. This
will explain the operation of freezing mixtures.

In concluding this part of the subject, it may be
necessary to revert to some facts already described, It
has beén stated, that water constitutes an exception to
the general law ; as it does not contract from 391°
downwards to 32° but, on the contrary, expands.
Several solutions are similarly circumstanced. These
exceptions, however, may be but apparent, and may be
explained with reference, to the’single instance of water.
When a liquid is about to crystallise, i§ begins to expand;
and the expansion is*supposed to be attributable to am
effort of the constituent pamicles of the crygtak to attach
themselves one to another, according to a kind of polar
arrangement, similar to that which takes place in enagnetic
and electric attractions. 1t is to this effort which pro-
bably, causes the particles to separate a little, and gxpan-
sion to result. When water is cooled to 39}°, and becomes
specifically. lighter, it may be owing to this cause ; and,
without this, it perhaps would not be an exception.

It has been shown that all bodies in the ordinary state
contain a*quantity of caloric which®does not affect the
organs of sensation, or the thermometer, like free or sen-

¥ 3
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sible heat, until some change is effected on the condition
of the body, which likerates a part of its caloric, and calls
it into action. ‘If a bar of iron, in this ordinary state,
be cut into several lengths, each will take with it its

proper proporuonnof caloric.” From this it is plain that
any two or more pieces of iron of the same quality,
quantity, and t>mperature, no matter whether they had
evers formed one piece or not, will contain the same
quantity of heat: and the same may be said of other
metals,’and of stones, woods, or any thing else. If all
the other qualmes of "the body be alike, so also must be
that one of contammg caloric. Further, it is an obvious
truth, that if two pieces of iron, the same in every re-
spect, be exposed to heat or cold—as, for mstance, that
of boiling or freezing water, by immersion,in it— they
will both Become equally hot or cold, as they will ab-
sorb or part with the same quantity of caloric.

But if we take a piece of iron, and an equal weight
of a different metal, swppose copper, and expose them
to the same temperature, as by immersion in boiling
water, they will both arrive, eventually, at the shme de-
gree of heat; but théy will have absorbed very different
quantitieg of it in order to do so. The same observ-
ation, generally, may be applied to all the bodies in
nature, whether solids, fluids, or gases.

Now, as boedies, in otder to be brought to the same
degree of heat, whether the highest or the lowest, will

Xequire different quantities of ‘ caleric, the inference is,
that different bodies, at every degree of Yemperature,
whether natural or artificial, must always contain dif-
ferent quantities of heat, th& bulks or weights being
alike. Thus,ethe quantity of heat that woquld raise
one kind or state of matter 10°, would raise another
but 8° Or, to explain the matter more generally, it
appears that different bodies are so constructed by na-
ture, that they require different quantities of heat to raise
them to the same temperature. And if equal guan-
tities of heat be m¥de to enter different bodies, they will
raise the bodies to different tempergtures. This quality



CHAP. V. HEAT. ) 71

L]
of matter is called the capacity of bodies for heat; and
the quantity of heat that is thus gequired for any par-
ticular body, to raise it to a certain tempkrature, is called
its specific caloric. .

The same kind of matter, while in the same state, has
always the same, capacity for caloric* : at least, thls is
true within a moderate range of temperature. Suppose
the body to be water, and that we take-a pound at£0°,
and a pound at 212°, that is, boiling : each of these
pounds contains a different quamtity of caloric. When
mixed, the effect’ cught td be, titat, as the capacity of
each pound of water for caloric is the same, and as the
hotter must give to the colder as much as will bring both
to the same heat, that degree ought to be midway be-
tween the twp heats, and tnay be found by adding 60 to
212, the sum of which, 272, being equally diwided, gives
136° as the arithmetical mean,®and should be the re-
sulting temperature. That 136° will be the resulting
temperature, any one may cowvince himself, by im-
mersing a thermometer into a mixture of equal weights
of boiling watcr and of water at 60°. *

Here, therefore, there is no heat lost or unaccounted
for : whatever the hot water lost, the cold water is proved
to have gained. But when different bodies are con-
&erned, which, as already observed, have diﬁ'::rent ca-~
pacities for caloric, the case is altered. For instance, if
a pound of water at 60° be mixed with a pound of
mercury at 212°, the arithmetical méan in this case, ag
in the last, is 136°. Buteafter shaking both of these
liquids well, so as to produce uniformity of temperature,

.

* This position, which was supported by Irvine, Crawford, :nd Wilcke,
has been called in question by Dulong and Petit. Thefatfirm, as *he result
of experiment, that the specific heat of bodies increases with their temper.
ature. Experiments indicating differences which, in so delicate ascupject,
may be considered trivial, being sometimes s0 small as 0002 between the
specific-heats of a body at two different temperatures, donot seem to afford
sufficiently strong evidence for the bli of one opi and the
controversion of another. Still it may be well founded : the fact, that boiling
and cold water produce the arithmetical mean, only shows that the specific
heat of water does not I with its tenip within the range of
10 2129, But the fact that the expansion of liqgids by heat is not cquable
throughout the whole scale, would appear to favour the idea that their ca.
|pacities also vary. .

F 4
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we find that the resulting heat, instead of being the
arithmetical mean, ig. but 64°9°, or 171° lower : hence,
this quantity of ‘caloric remains unaccounted for.

The experiment evinces that the pound of mercury
was reduced from 212° to 64°9°: hence it lost 147-1°,

°whith, being communicated to the watgr, raised it only
4+9°: and, theyefore, the quantity of heat which raises
a given weight of mercury 147:1°, would raise the same
weight of water but 4-9°, or one thirtieth. Thus, the
heat that would raise water 1°, would raise mercury 30° :
water has, therefore,"a capacity of containing heat 30
times greater than mercury, without having its temper-
ature more elevated than that of the mercury. Or the
same fact is otherwise expressed, by saying that the
specific heat of mercury is 50 times greager than that
of water. df the specific heat of water be represented by
unity or 1, that of the mercury will be (J5 = ) 0-033.
It may be admitted as a general truth, with very few
exceptions, that all bodies require different quantities of
heat to bring them to the same temperature ; or, in other
words, that almost every kind of matter contains a quan-
tity of heat peculiar to itself.

Such are the chief facts which have been ascertained
with regard to the absorption of heat by bodies, and its
existence either in a concealed state, without raising their
temperature, or doing spin a less degree than it would
other kinds of matter. Hitherto the explanations given
bave been confined to a simple ewpression of facts, for
in these there can be no mistake ; and the®Manguage of
speculation has been avoided. It is now necessary to
give somg account of the two theories which have been
most relied on dor the explanation of these phenomena:
1 shall begin with Dr. Black’s doctrine of latent heat.:

en Dr. Black commenced his lectures, in the uni-
versity of Glasgow, in 1757, the general opinion regard-
ing fluidity was, that it is produced by a small addition
to the quantity of heat which a body contains when
once raised to thevpoint’ at which it is ready to melt ;
that its return to the solid state depends on & very small
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diminutiont of heat after it has cooled to the melting
point ; that a solid, when changeddnto a fluid, receives
no -greater addition to its heat than what is indicated
after fusion by the thermometer; and that when the
fluid body is again made t6 congeal, it suffers no greater
loss of heat thag the thermometer indicates. But® the®
truth is, that when ice or any solid is melting, it receives
a much greater quantity of heat than what iseim-
mediately after perceptible: and this great quantity
must be received, because it is she cause of the fluidity
induced. When the melted ice dr gther body is again
about to become solid, it cannot do so without parting
with the htat which caused the fluidity, and which had
been concealed or latent.

Previousl‘to the timé® of Dr. Black, it was in the
same manner supposed, that when once waer, or any
liquid, exposed to heat, has riseh to its boiling point,
nothing more is necessary than the addition of a little
more heat to change it into vapour. And when the
vapour of water has cooled so far as to be ready for
condensation, it was thought that the return into the
state of water will happen at onde, after losing a very
small quantity of heat only. But Dr. Black proved that
in the vapotisation of water a vast quantity of heat enters
dt, which afterwards is extricated during the con‘lensation
of the vapour into water. THe,quantityeof latent heat
tontained in steam he estimated by distilling 3 measures
of water into a wewn immersed if, 38 measures of
water at 52° : the 38 measures were heated 71° higher.
Hence, 3 measures in steam heated 38 measures (that is,
123 times as much) 71°%higher: the total qugntity of
latent heat in the steam is, therefore, feund by multi-
plying 71° by 124 : the product is 899.1°" But the
original three measures of water were at 52°, and they
were raised to vapour of 212°: therefore 160° (differ-
ence of 52° and 242°), the sensible heat of the steam, .
must be subtracted from 899.1° ; and the remainder, 739°,
ts the latent heat of the vapour ; or,*making allowances
for dispersion and loss of heat, Dr. Black estimated the



74 ELEMENTS .OF CHEMISTRY. PART 1.

latent heat at 744°,—a number which Mr. Watt after~
wards changed to 900° or 950°. Lavoisier estimates it
at 1000° ; and this is generally adopted.

Dr. Black considered heat to be a substance of a dis-

. tinct and peculiar, nature, ““ susceptible of union or com.
*bination with bodies, similar to thogse combinations
which the chemist observes between numberless varieties
of sebstance:” and he conceived that, in cases of both
expansion and fluidity, a combination with heat takes -
place, but of a different &ind in each. Heat enters into
vapour and into melting ice in the same way ; it com-
bines ; does not heat; but merely constitutes the va-
porific and liguid form. In fine, Dr. Black conceived
it a point fully established, that when a fluid is raised to
its boiling point by the copious applicatin‘of heat, its
particles stddenly combine with a great” quantity of
heat; and their mutual relation is thus so far changed,
that they no longer attract each other, and form drops
of liquid, but avoid eagh other, and separate to a vast
distance, and would separate much further, but for the
pressure of the atmosphere.* '

Dr. Irvine was the pupil of Dr. Black, and his suc-
cessor to the chemical chair of Glasgow. He took
altogether a different view of the cause of the disappear-
ance of heat in liquefaction and vaporisation. He sup+
posed that the absorptigr of heat into the latent state is
not the cause of liquefaction and vaporisation, but the
gffect ; and he attributed the absorption to what is called
change of capacity for heat; or that quali¥y of matter
which causes one kind to be more or less heated than
another by the addition of tht same quantity of heat.
This unequal veffect of equal increments of heat was
distinguisfied by Black and Irvine, about the same time,
by the term capacity. The 140°, that disappear when
ice is melted, was called by Black latent heat :- he as-
serted it td be the cause of fusion, to combine chemically
with the solid, and to form a substance different from
both,—a liquid. Fhis opinion was considered by Irvine

& Black’s Lectures, 1. 175, ' . -
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as not sufficiently comprehensive : he did not allow the
entrance of latent heat into bodieg as happening upon
different principles from those which always direct the
operations of heat upon matter ; he imagined that latent
heat is only a case of what oecurs in anygaffection of bodies
by heat, and thay the caloric exists there precisely in’ the
same way as at other times. He thoughtsthat something
more happens in fusion than Black imagined ; that the
capaclty of water for heat might be found to exceed that
of ice, as afterwards he proved experimentally ; and that
a new reason might be assigned, why jce, while melting,
refuses to admit an augmentation of temper&ture The
reason is, that it is then changing its capacity : from a
substance easily heated,’ it becomes one that is heated
with difficully. All flui® bodies are heated with more
difficulty than when solid ; not because fluids transmit
heat more slowly, for this is tht contrary of the fact;
but because the same quantity of caloric will heat a solid
a greater number of degrees than it will 2 fluid. Ca-
pacity is no more than the expression of the rise or fall
of temperatur. produced by equal quantities of cfloric
upon different bodies. He conclufled, as a general law,
that the capacity of all solids for heat is increased by
fusion, and that of all fluids by vaporisation. It appears,
$hen, that beside Black’s dlscovery of the great quantity
of caloric neéessary for convapng solids into fluids,
another remarkable alteratiog is produced in the habits
of the body with regerd to heat: from requiring but a,
small quantity to raise its temperature a certain number
of degrees, it has become a body requiring & great quan-
tity to produce that effect® therefore, in fusion, ghe fluid
formed must, on account of this change of capacity,
require a supply of caloric to enable it to remain even
at the same temperature with the surrounding Bodies.
It is clear, that if a solid be converted into a fluid of an
increased ,capacity, it must absorb heat, which will ex-
hibit the same phenomena as latent heat ; and the same
applies to .the conversion of a fluid tethe agriform state,
This explanation is not opposed, but supplemental, to
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Black’s doctrine. Both theories admit the entrance of a

large quantity of caloric during fusion: Irvine’s only

differs in offerifig an explanation of the enlargement of

the specific heat of the fused body, and in denying
 any. peculiar or unusual combination of caloric.*

n commenting on this doctrine, Dm Black replies o
the following effect : — ¢ Dr. Irvine imagines that it is
not necessary to suppose a special combination of matter
to take place with caloric, which, while thus combined,
is called latent heat. fhe explanation, it is said, may
be as well derived.from the fact, that a body while in
its fluid state has a greater capacity for heat; that it
absorbs more heat in order to rise one degree than when
in the solid form. Thus, ice is said to have less capacity
than water: when ice melts, a quantity of heat must,
therefore, enter the water produced, without making
it warmer ; and when water freezes, heat must leave the
freezing water, without leaving it colder. The absorp-
tion of heat into the melting ice is, therefore, not the
cause, but the consequence, of its liquefaction; while the
extrication of latent heat from freezing water is not the
(use, but the consequence, of becoming solid. Here,
then, the cl.ange from solidity to fluidity is not accounted
for, although it is the chief phenomenon. Fluidity is not
attributable to cessation of cohesion; for how, then,
would it be restored? and we know that cohesiveattraction
does still act in fluids. If it be maintained, that sensible
heat increases or diminishes the diftance of the particles,
and thus acts on cohesion, why is not this n invariable
effect ? and how happens it that water may be cooled to
24°, without being acted on by cohesive attraction, and
being converted into a solid ? By agitating such overa
cooled, liquids, heat is liberated which before was latéent,
and a part of the liquid solidifies: this latent heat was
the cause of its protracted fluidity.”

To this Dr. Irvine seems not to have been able to
furnish an adequate reply. He says the theory of ca«
pacities asserts that the caloric frushes into the ice, ens

* Irvine’s Essays, Part 1. Essay L -
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larging and satisfying its capacity at the same instant,
and by the same action : the fusios, the increase of ca-
pacity, and the heating of the body, ccording to the
new capacity, are simultaneous — the work of the same
moment. It may be diffieult, he says, to explain how
this happens on,this hypothesis, but not more so than
on any other. On the other hand, thes permanent in-
creasc of the capacity of all solids when melted, and of
all fluids (as he affirms) when vaporised, — sufficiently
striking facts, — are not explained by Black’s theory ;
while, on the opposite hypothesis (lie conceives), the
phenomena are readily accounted for. It fnay be sup-
posed either that the increased capacity and the fluidity
are the co-existent consequences of some common cause,
or that the union of the %atent caloric and the solid is
accompanied, at the moment of its taking plkce, with a
new capacity for heat, in proportlon to which the latent
caloric is great or small.

It now only remains to explain a few of the chief
phenomena according to cach of these theories, in order
that their mc.its may the more readily be contrasted :
for it is in the language of ore or the other that
all faets relative to heat are expressed by chemists.
In explaining these phenomena, we need only attend to
ghe cases in which the change from solidity to liquidity
or the gaseous state causes absorption andedisappcearance
of heat; those in which it is rendered sensible being
only their converse. o ¢ .

In such instances, the followers of Black would say
that the absorbed heat becomes latent, has chemically
combined with the solid%r liquid, and is the cause of
the liquidity or of the gaseous state. Dw. Irvine would
suppose that during the change of state there is a ¢hange
of capacity, the new state requiring more caloric to main~
tain it at the original temperature ; hence, an absorption
of heat must take place to supply the increased capacity,
and this absofption is an effect of liquefaction and va-
porisation, and not the cause. It is®not only in case of
transition from one distinct state to another, that a change
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in the quantity of caloric takes place ; but it happens in
some of the modifications of each state: thus, when a
change of density happens, as if a piece of iron be vio-
lently struck, its specifig-gravity is incteased; it has
‘become brittle, and very hot. If it be again struck, a
little more heat and condensation may be produced ; but
after this, no effect results from striking it, either with
regard to condensation or heat, until its original density
and condition be restored by-heating the iron red-hot in
the fire: this process alco restores its malleability. The
same happens with several other metals, but not with all
to the extent described. When the density of a liquid
is increased by dissolving some other substance in it ;
and, universally, when any two liquids combine che-
mically; there is an extrication of heat, sometimes con-
siderable. € 'he mixture of oil of vitriol and water affords
a good example of this heat ; and if the specific gravity
of a gas or vapour be inorgased, there will be an increase
of its temperature. This is so great in condensing air
in the barrel of a very small syringe, close at one end,
that, as already mentioned, a bit of agaric contained in
it is thus set on fire. © The converse of all these propo-
sitions is, no doubt, equally true ; but it is only in the case
of gases or vapours that it is very distinctly observable.
If the (ﬁensity of a gas or vapour be lessened, cold ig
produced, as eppears from the sinking of a thermometer
in the receiver of an air-pump when the air is rarified ;
Decause heat is absorbed from all the surrounding media.
All these cases of change of density, in which heat is
" rendered sensible, would be explained, by the followers
of Black, by declaring that sbme of the heat necessary
to the existence of the body as a solid, liquid, or gds, was
forced out of it by the approximation of its particles; and
asthe particles of solids and liquids are preserved in equi-
Jibrio, by the balance of cohesive attraction and calorific
repulsion, any cause that disturbs this balance must
change the relation of the body with respéct to heat. It
does not seem to me that Dr. Black followed up this patt
of the subject with sufficient attention. According te the
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theory of Irvine, the extrication of heat, in all such cases,
depends on a change of capacity for heat in the body con-
eernid ; the effect of which is, that, wher! increase of den-
sity happens, diminution of Wacity takes place, and less
heut is necessary to maintain the bogy at the original
temperature thay before ; because, in the new degrée of®
density and capacity, smaller additions of keat than before
will suffice for the production of any given temperasure:
hence, heat is extricated. ¢ h

Both theories agree in representing that gases contain
more caloric than liquids; and liquids than solids; yet
this greater quantity of caloric is not sensible, or in 2
state of freedom, but inactive and concealed ; so that, to
the thermometer, a solid, a liquid, and a gas, all' appear
to contain the same quantity of heat. The condition of
heat that is discoverable by the thermometem or by the
organs of sensation, is called temperature.

We have seen that the chief feature of Irvine’s theory
is its representing liquefaction apd vaporisation as being
caused by increase of capacity. About eighteen years
since, in an essay which obtained the prize of the French
Institute, MM. Delaroche and Bétard showed that the
specific heat of vapour of water is but 0-847, while that
of water itself is 1:000. This would prove that the
gapacity of vapour is less, instead of greater, than that of
water: and if so, vaporisation camnot depend on the cause
assigned by Irvine. Buf these philosophers acknowledge
that, * thoggh we aonsider our determination of the,
specific heat of vapour asenot far from the gruth, we
have not such entire confidence in it as to draw from it
a conclusion of such imp8rtance.” But, for the subver-
sion of Irvine's theory, they seem to rely on an expe-
riment which gave the specific heat of water as 1-000,
‘while, by calculation, it should be but 0-633 ; or, giving
the utmost latitude for error, 0:800. It is necessaryy
therefore, they conceive, to abandon the hypothesis which
ascribes the evolution of heat during combination (viz.
the combination of the two elementswof water) to a di-
minution of the specific heat in the bodies combined,
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ang to'admit, with Black, the existence. of latent caloric
in bodies. ‘ R
;- Modern ‘discdvery has accumulated & number of facts
which do not seem to xplicable by the th of
Irvine. In the chapter on®ombustion, several solids and
*liquids will be mentioned, which, when heated gently, or
even touched, explode with violence and produce gaseous
products. Here, then, are numerous instances of the
céhversion of solids and liquids into gases, accompanied
by the copious evolutiop of heat. —What isits source ?
If, in the production of the gas, there be an increase of
cepacity fot heat, whence comes the free caloric that
appears? Why should we not rather expect cold’ to
result, when gunpowder is transformed into a vast volume
of gas? For the answer to these questions, we mbst
apply to the doctrine ¢f latent heat. - MM. Dulong and
Petit give the following as a consequence deducible ' from
their researches, the details of which, however; they have
not stated : — ¢ The quantity of heat developed at the
instant of the combination of bodies, has no relation to
the ¢apacity of the elements: in the greater number of
cases, this loss of heat is not followed by any diminuti
in the capacity of the compounds formed.” o
We have now to direct our attention to'the heating
and cooling of bodies, and the processes by which these
changes ‘tre.effected.  If a hot mass of nietal be laid on'
one that is cold, the former losés heat, and what it-loses’
Jhe other acquires® both are now hot ; angy it is to be
enquired, Why did this partition occur ? ¢ has been al-
ready observed, that, according to the corpuscular-hypo-
thesis of caloric, its particles are self-repellent ; and the’
more g0, the nearer they are to each other. . The-con.:
sequence of which must be, that when the particles have:
liberty of motion, they will constantly endewvour o dif-.
fuse themselves, If a great number -he gécuviulated-im
one place, they will immediately, if not restrainedy bégin
to separate in all directions, until#the accumdlation: is”
remaved ;: they ares then at rest, efid in a- state- dalled:
the equilibrium of caloric; which merely-means; that the
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swrrounding objects contain as much caloric as attaches
itself to them, so as to saturate jtheir capacity, and
equalise their temperatures. This diffhsion of caloric
in bodies does not depend exclusively on a repulsive
agency, but is assisted, in all probability, by an attrac-
tive force ; for if caloric be matter, its particles shéuld
attract and be attracted by other mattenp with different
degrees of energy: but on this part of the subject more
will be said hereafter. . #

The facility with which heat gnters or leaves bodies
depends much on the natufe of the bgdy ; some species
permitting the passage of caloric through theth with ease,
and others with much difficulty. This property is called
the capability of bodies to conduct heat. Instances of its
existence occur constantlyin our common experience ;
thus, when there is occasion to ‘hold any het metallic
instrument, we take care that thespart by which it is to
be held shall not be made of metal, but of wood ; for
the metal would allow the caloric o pass in so condensed
a state, and with such rapidity, into the hand, as to
prove painful, whereas wood, and such other $ub-
stances, will not permit it to pass therwise than slowly.
Hence the sensation produced by one portion of caloric
on the hand has ceased before that of another com-
mences, and there can be no accumulation. Metal is,
therefore, called a good conductor of heat, and®wood a
bad one; and bodies haVe very different powers in this
respect. Thus, watgr, heated to 130°, is capable of,
scalding : but air, heated to 460°*, can be enduged with-
out any painful sensation ; because water can”much more
perfectly be brought in centact with the body, jthan so
rare a substance as air. The conducting,power of air
saturated with moisture is to that of air commonly dry
as 230 to 80%; hence the former feels so much colder
to the human body. +

In consequence of this property which bodies possess,
of conducting heat with more or less facility, certain
deceptive results follow, which it avill be necessary

* Blagden, Philosoph. Trans. 1775. 4+ Rumford, ibid. 1786.
G
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to explain. If a piece of cork, and an equal bulk of
metal, be kept for »a length of time in boiling water,
then withdrawh and hastily dried, the metal will feel
intolerably hot to the hand, while the cork feels little
more than warm, Here it might be supposed that the
* twd bodies, although both exposed to the heat of boiling
water, had beey heated to different temperatures, whereas
a thermometer applied to each will stand at the same
lieight ; proving that the different effect on the organs
of sensation are owing, to the rapid transmission of ca-
loric to the hand ineone indtance, and to its slow com-
municatiorf in the other. It is a fact atfributable to the
same cause, that if a piece of metal and a piece of cork,
both at the common temperature of the air, be applied to
one’s skin, the metal will feel cold, and the cork com-
parativeljpwarm, because heat is withdrawn from the
skin more rapidly by «he former than by the latter.

Such bodies as are of greatest specific gravity are,
generally speaking, the best conductors of heat ; but the
observation is not universally true. If a body, which is
of great specific gravity, and is a good conductor of heat,
have its specific gravity lessened, so will also be its con-
ducting power. Thus, metals are all good conductors of
heat ; yet their filings, which are specifically lighter, in
consequence of the spaces between their particles, are
very inferiox, in conducting power ; and whatever corl-
ducting power wood may have, it is much lessened by
being converted Into sawdust.

Good conductors of heas would ev1dently form bad
clothing. T'he object of clothing is to intercept the heat,
and pxeserve the body as much as possible at a2 uniform
temperature., In cold weather, the temperature of the
atmosphere being lower than that of the body, clothing
formed of non-conductors prevents the too rapld escape
of heat from the body to the surrounding air ; and, in
very hot weather, it answers a contrary purpose,— pre-
venting the too rapid communication of heat to the body.
Animals are clothed in fur, wool, feathers, &c.—all non-
conductors ; and man borrows his clothing, in a great
degree, from them.
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All that has been said on the subject of the con-
ducting power of bodies refers tq such as are in the
solid state; for those that are fluid dre all very bad
conductors of heat. This has been experimentally
proved by applying heat (that, for instgnce, arising from
a stratum of bugning ether) to the surface of the liquid
filling a tall cylindrical vessel ; and hawing the bulb of
e thermometer placed some distance below the seurce
of heat. The rise of the thermometer is extremely
slow. It had been even doubjed that this small rise
of temperature was atttibutable to the heat con-
ducted by the fluid; it was supposed that the heat
had been conveyed down by the matter composing
the sides of the cylinder, until the question was set at
rest by an experiment of the late Dr. Murray, of Edin-
burgh. He constructed a cylindrical vessel of¥ice ; filled
it with oil at 32°; fixed a thermdmeter at some distance
below the surface ; and applied heat to the surface. The
thermometer rose 53° in 7 mjnutes, clearly showing
that, although slowly, the oil did conduct the heat, in-
asmuch as ice can neither conduct nor receive heat
higher than 32° ; — any additionsl heat melts it, and
becomes latent. Liquids, like solids, seem to conduct
better in proportion as they are more dense: — thus,
spirit of wine, a very light fluid, is a bad copductor ;
il is heavier, and conducts spetter ; proof spirit is
heavier, and is a better fonductor ; water is still heavier,
and is a still better, conductor ; and quicksilver, thee
heaviest of all liquids, is,,comparatively, an .excellent
conductor of heat.

As liquids are bad coductors, it may be asked how
it happens that they become so speedily hat, and so soon
boil when they are exposed to the action of fire, In
order to understand this, we must revert to a fact al-
ready explained, that when a liquid is heated, it becomes
specifically lighter. When a vessel containing water is
laid on the fire, the layer of water at the bottom, and
next the fire, first becomes hot; it alko becomes speci-
fically lighter, and consequently rises through the water

a2
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in the same manner as a cork or any other light body
would rise. This pertion of heated water having been
thus removed by its lightness, the next layer, now in
contact with the hottom, or source of heat, becomes
hea::ed in its tugn, and ascends ; and so on, layer after
layer is heated, and ascends until the water boils.

These ascertling currents, along with the imperfect
conducting power of liquids, assign the reason that they
receive downward transmissions of heat so slowly. As
soon as a layer of water at some depth from the surface
receives a portlon of caloric, instead of transmitting it to
the layer néxt beneath, it ascends to the top.

Although it is the kind of matter that regulates the
difficulty or facility with which caloric passes through
it, yet, with regard to receiving caloric in the first in-
stance, or¢parting with it afterwards, the conducting
power is by no mearfs the only one concerned ; these
effects depend in a great measure on the surface which
receives or transmits. Thus, if two similar pieces of the
same metal, polished alike, be heated equally, and set to
cool'at the same moment, in the same medium, they will
be reduced to the ordmary temperature of the air in the
same space of time. But if one of the metals have its
polish impaired by scratching with sand-paper, and if
they be_now equally heated, and set to cool as before.
the scratched.piece of metal w1ll part with its heat muc|
sooner than the pohshed one; and however difficult it

. may be to conceive how the pohs}- can act in retaining
the heat, it is certain that the fact is so. *

When a body, such as the piece of metal just now
instanced, is heated, and leff in the open air to copl
spontaneously, the heat gradually flies off from it on all
sides, in the form of radii, or rays ; and from this cir-
cumstance the departure of heat from the body is called
the radiation of caloric.

Some bodies have a greater power of radmtmg heat
than . others: the consequence of which is, that those
bodies which have the greatest radiating power will cool
in the shortesttime; and by this rapidity of cooling, the
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radiating power may be estimated, and rendered manifest
by experiment. ’

Let two cylindrical vessels of tin-plate be prepared,
similar to the one represented in the margin, capable of
holding about half a pint each. Eaclimust have a eorks
fitted fo its mouth, through which a thermo-
meter tube passes, the bulb standing about
the middle of the vessel. Let one of these
cylinders be pamted over with lamp-black
mixed with water and g little size. If both
| vessels be filled with boiling water exactly at
lll the same time, the corks and thermometers
| being 1mmed1abely introduced, it will be
found that the thermometer of the blackened
vessel sinks very rapidly, while that of the
j I bright one falls very slgwly. The experiment
proves that the surface of lamp-black radiated
heat more rapidly than that of bright metal. Indeed,
the experiment may be made *with the thermometers
only, one ha.ing its bulb blackened with lamp-black,
and the other being clean. 1f both, be raised to the same
temperature before a fire, and then allowed to cool, the
mercury in the blackened one will sink at a much
quicker rate.
® The coating used in both experiments was lamp-
black, for this substancesis found to be thé best radiator.
If its radiating power be estimated (at 100, then that
of glass would be folind to be 90, bright lead 19, and®
tin-plate only 12 ; and although bright lead radiates
with a power of but 19, if the lead be a little tarmshed
its power is raised so high as 45.

In general, it may be affirmed that all® substnnces in
nature have different radiating powers. In the case of
metals, the radiation depends on the mere surface, with-
out reference to the substratum: but in the case of
other radiating substances, the thickness of the coating
constituting the surface, within moderate limits, increases
the radiation. The radiation of hea? takes place more

¢ 3
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rapidly in a vacuum than in the air. It takes place in
all gases. ¢ "

Whatever the cause may be that enables those sur-
faces to radiate caloric with such facility, and transmit
Wt i right linesrit is but Ratural to suppose that a
surface of the same kind would also pefmit the entrance
of caloric. Accordingly, we find that the fact is so; and
that® the surfaces of bodies which radiate caloric with
facility, also absorb it with facility ; and, conversely, that
surfaces which do not rudiatecaloric with much energy,
are also thoge which will not readily absorb it when radi-
ated from other bodies. For instance, polished metals,
which radiate caloric imperfectly, receive it imperfectly
when radiated from other boc}'xes, but when their sur-
face has its radlatmg power increased by being scratched
by sand-paper, or tarnished, it then absorbs better. And
lamp-black, which is ‘the best of all radiators, is also
the best of all absorbers. The following apparatus ex-
emplifies this position — A tin-plate cylinder, A, is

placed horizonftally, and opposite its ends are placed tin-
platecdiscs, one of which is to be bright at both sur-
faces, and the other is to be painted with lamp-black and
sized water on the surface next the cylinder. Let du-
plicate discs of tin-plate be provided: let one of these
be stuck to the disc B by means of & thin stratum of lard
interposed ; and the other similarly cemented to the disc
C, which has the blackened surface, that surface being
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next to the cylinder. Each pair of discs should be 2
inches distant from the opposite end®of the cylinder. Let
thecylinder befilled with boiling water through the mouth
D, and corked. The heat now radiates from both ends of
the cylinder ; cach contigubus disc ab Prbs the radigted,
heat : but the blackened disc will soon evince that it has
absorbed with more avidity, for it will become so warm
that the Jard will melt, and the disc which had beén in
contact with it will fall of% while the pair of dises at
the other end will remaiy a loag time unaffected, and
perhaps may not separate. If both emds of ghe cylinder
are blackened, the result will be more decisive, because
more heat will be radiated from the cylinder.

A question here occurs: — Does this fact depend on
any known property of ﬁle metal ? and are there any
considerations which might have led us to"an antici-
pation of the result? It might naturally be supposed,
that a surface found to radiate heat with such facility,
and to receive it so readily wlen radiated from other
bodies, shoul- easxly allow a passage through the ma-
terial of which it is composed; and that, on this ac-
count, the best conductors of heat would also be the
best radlators But so far is this inference from being
correct, that there is reason to believe the reverse to be
drue ; for metals, which are the best condgctors of
caloric, are its worst rgdiators; ¢hat is, while they are
bright and untarnished: and, in a great many cases,
thegbest radiators, a8 lamp-black, linen, paper, &c., aree
very bad conductors of caleric. It being thefact, that
good conductors are bgi radiators, it should also be true,
and it is the case, at® good conductors present bad
receiving surfaces ; and this precisely cdtresponds with
the experiment last described, in which the brightemetal
did not receive the radiated heat from the vessel of
boiling water.

As the polished metal was proved to be a bad receiver
of radiated heat, and, in fact, refused to absorb the ca-
loric which+must have radiated toWards it from the
cylinder of boiling water, it may be asked, what became

¢ 4 “



88 ELEMENTS OF CHEMISTRY. PART L

of that caloric which was refused admittance by the po-
lished tin: it déd not pass through the tin, and, there-
fore, it must have passed off in some other direction
without entering.
o I¢ is easy to prove that éalonc, under such circum-
stances, is reflected ; and it is poss1ble té prevent its dis-
persion, by collbctmg and concentrating it into one point.
All that need be done to render its effects manifest, is,
to convert the plane reflecting surface into one of a con-
cave form ; for, in this garticular, caloric resembles, and
is regulated by tha same laws as light. If, therefore, a
quantity of radiant caloric be allowed to impinge upon
a concave metallic mirror, the rays will be reflected from
the surface to a focus in whlch all the caloric will be
concentrated.

To perform this experiment with advantage, an ar-
rangement different from that just described must be
made. It must be so contrived that the body, which is
the source of heat, shali be at a much greater distance,
and that the direct rays emanating from it shall exert little
or no heating agency until they are concentrated by the
reflector. To produce the effect in a striking manner,
the heat made use of should be-much greater than' that
of boiling water ; burning fuel will afford the necessary
temperature. One concave elliptical metallic speculum;
with the heated body antl the object to be heated in the
conjugate foci, wonld answer the purpose, except that
«the proximity of the heated body miight causg the e
of radiation ;and reflexion to-be confounded. In o der
to transmit the heat to so great a digtance as is necessary
for distinctness, and to concent it afterwards, two.
paraholic refle¢iors must be made use of. The first re-
ceives,caloric from the heated body, .and reflects it to
the second, which then collects and concentrates it in
such a manner as even to set fire to a combustible placed
in its focus. The mirrors may be formed of tin-plate,
and the seams caused by the joining of the plates may
be so nicely executed as not to prove very “detrimental :
about 2 feet diameter ‘will suffice. One is to be sus-
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pended from the ceiling of a room 12 feet in height. It

is to have an iron-wire cage fille® with burning char-

coal placed in its focus. The other mirror may rest on

the floor of the apartment. In the figure, the mirrors

are represented as being clofe together, ﬁo save space. , If ,
\ [ 2

« little gunpowder laid on a bit of black papergbe held
in the focus of the lower girror, fewill explede, although,
if held two or three feet higher up, ghat is, nearer the
soupge of heat, it wili not be affected. In this experi- «
ment, the heat radiates fronf the charcoal, ang is reflected
twice before it arrivegat the gunpowder.

Since the two m&]ic‘ surfaces reflect the heat from
them, it is natural to suppose that they do not get hot,
and, accordingly, we find that such is the case. Bug, be-
sides this cause, there'is another (or it may be the same),
which prevents the heating of the reflegtors: they are
made of bright metal; and this, as we have already seen,
is a bad radiator of heat, and therefore a bad receiver or
absorber. Metals are the best reflectdrs of caloric, and
the worst radiators ; and, generally, it is found that the
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reflecting power of bodies is strong in proportion as the
radiating energy is weak.

The radiating power of glass is considerable, and, con-
sequently, its reflecting power ought to be proportionately

Jwegk: this also js found td hold ; and as it is a good
radiator, so it mbst he a good absorber.: In the experi-
ment just destribed, had the reflectors been of glass,
which thus powerfully absorbs, although it reflects badly,
the heat would have been détained by the glass instead
of being reflected on the gunpowder. That a glass mir-
ror scarcely, reflects heat, any one may convince himself
by means of a common looking-glass placed properly be-
fore a hot fire. On the other hand, a metallic mirror,
as has been already observed, reflects all the heat, and,
consequently, does not becomie warm ; ¢ but if covered
with black over a burning candle, you cannot keep it
four minutes in the same situation (before a fire) with-
out burning your fingers.” *

With regard to the reflection of heat, therefore, it is
plain that it is not sufficient for the reflecting surface to
be hard and well polished, but it must be of such a ma-
terial as is a bad radiator and absorber. In the case of
the glass mirror just now alluded to, the glass presents
a much more even and smooth surface than the tin, and
it has egen a brilliant metallic coating on the back of ity
but the glass being a good radigtor, it must make a bad’
reflector. The 'silvering at the back has no effect: it

«may be removed, and the back surfice roughgd by *d—
ing, withouy any change in°the reflecting power of the
other surface.

#Scheelé on Air and Fire, p. 70. He says, that a glass mirror reflects no
heat, but retains itall. Mr. Leslie, whose i'aboun have made us acquainted
with some of the most important facts in this chapter, has, however, shown

that a glass murror is not destitute of all reflecting power, though its power
is trifling.
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CHAP. VI

1m&ar.

Havine investigated the principal phenomena of heat,
8o far as is necessary to the subject of the present trea-
tise, we shall now explain a’few of the leading qualities
of another physical agent eloselysconnected with it.

If heat be gradually communicated %o a body,—a mass
of iron, for example,—no other effects can be observed for
a considerable time, except an enlargement of dimensions
and an elevation of temperature. At length, however,
a very remarkable change will be observed. If the pro-
cess be conducted in a dark room, the metal, “previously
invisible, will become visible, amf will not only be seen
itself, but will enable surrounding objects to be seen.
In fact it will emit light. The<body is thus said to be
in a state of yznition, or, in common language, it is,red-
hot.

The original sources of light are, first, the celestial
bodies, the sun and fixed stars; and, secondly, terres-
trial bodies, in which heat is produced in so intense a *
«legree as to be accompanied by light, as just esplained.
Light, being primarily producea-in this manner, is dis-
tributed, in a variety of ways, through the space which
sursélinds us, and is°the immediate means by which all®
objects become visible. 1t®passes freely thwough the at-
mosphere; it strikes upon the clouds, and is reflected from
them, rendering them vistble. It strikes upore all ter~
restrial objects,’and is by them modified if a curious and
complicated manner ; so that, when reflected by them, it
produces all the phenomena of colours. Its course, when
unobstructed in passing through any space or medium of
a uniform character, such as glass, water, air, or a va-
cuum, is in straight lines ; but when it passes through
spaces occupied by substances of different kinds, or in
different states,— as from glass to water, or from water to
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air, or from air in one state of density to air in a dif-
ferent state,—i¢ is lifible to be bent into a crooked or even
a curved path, subject to fixed and well known, though
very complicated, mathematical laws. It is not neces-

.sany, even were jt possible, ‘here to enter into any ex-
- planation or d¢ lopment of these phénomena. Those
who desire to obtain an acquaintance with them, will
find them explained in works written expressly on
Optics, and are referred to the Treatise on that subject
in this Cyclopzdia. -

Light and heatso frequently accompany one another,
that it has been sometimes disputed whether they are not
exhibitions of the same principle. The fact, however,
that heat of the greatest intensity can exist unaccom-
panied by light, is unquestionable ; and this alone would
perhaps be sufficient to establish their diversity. But it
is contended, that light cannot exist without heat, and
that, therefore, heat must be regarded as a quality of
light. Against this it* may be stated, that the sun’s
light reflected by the moon, although collected and con-
densed into a point by the most powerful optical means,
has never been found to affect the most delicate thermo-
meter. Also, that when heat and light are produced by
the combustion of common fuel, the heat will be inter-
cepted ky a plate of glass, while the light will be freely
transmitted. ° But, perhaps, theanost decisive proof that
the heat in the selar rays is a principle distinct from

e their light, is found in the fact, that by @ptical means
the solar¢berm may be decdmposed into its constituent
elements ; and that some of these elements are invisible
non-luntinous rays, which affect the thermometer more
powerfully, afld are, therefore, more calorific, than any
lumirous rays.*

The chemical influence of light is conspicuous in a
variety of natural and artificial processes. In vegetation,
light is an indispensable agent: it is by its assistance
that growing planz;s are enabled to decompose carbonic

% Orrics, Cab, Cyc. p, 89,
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acid, assimilating its basis for the purposes of nutrition.
Without its influence, vegetables age deficient of their
due elementary constitution : they are wedkly, inodorous,
ahd of an unwholesome colour. Dr. Black proved,
that the green colouring watter of vegetables, which
he found to be g highly inflammabie gubstance, is fiot
elaborated in plants if they grow in the dark: they are
blanched. The inflfience of light in discharging vege-
table colours is manifest in the process of the bleacher:
and the rapid fading of coloured paper-hangings, silks,
and cottons, when exposed to strang sun-light, is well
known. Its energy as a chemical agent if still more
decisively seen in the influence which it exerts in pro-
moting combination and decomposition ; and the latter
effect has been made use c§ as a measure of its power.
A beam of solar light, admitted through adhorizontal
thin slit in a window, and allowed to pass through a
wedge of glass called a prism, the edge of the wedge
being placed parallel to the slit, is found to be separated
or decomposerl by the action of the glass, so as to form,
when received on the screen beyond the prism, nbt a
horizontal line of light, as would atherwise be the case,
but an extensive luminous band, equal in breadth to the
slit in the window, and extending from top to bottom a
gonsiderable length. Different parts of this band of light
exhibit different colours; the upper end beipg viflet, and
the whole being divided Mto horiZontal streaks of colour,
descending through the tints of violet, indigo, blue,
green, yellow, orange, and, lastly, red, which occupies
the lowest extremity of the Juminous band.* New, it is
found that the light occupying certain parts of this spec-
trum, as it is called, is capable of exegfing chemical
agencies, and of promoting, in various degrees, the pro-
cesses of combination and decomposition. Wolldston,
Ritter, and Beckmann, by a careful examination of every
part of the spectrum, discovered that beyond the least
brilliant extremity, namely, a little beyond the violet
ray, the maximum power resides, gvhich determines
chemical combination. The experiment had been long
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before made by Scheele ; but he came to the conclusion,
that the greatest chemical effects are produced in the
violet ray itself.* This chemical ray was first named
the deoxidising ray, from a mistaken hypothesis of the
nature of the chemical comppund on which its agency is
* mdst manifestly, *xerted. . 7
It has long een supposed that the rays in or near the
violet extremity of the spectrum ‘are attended with a
certain magnetising influence. The experiments, how-
ever,- which have bgen made to decide this question, have
been so extremely centradictory in the results, that no
certain contlusion can be deduced from them.t

CHAP. VII.

.
CONSTITUTION OF THE GLOBE.

Secrion 1.

THE ATMOSPHERE.

Oxg who contemplates surrounding objects would, in
all probability, be first struck with the singular nature
of the air which encompasses him.  Comhon experience
shows gt the atmosphere is not a void; that it is matter
which is capable of affording, considerable resistance to
mechanical force. The impulse on the sails of a wind-
mill or of a ehip, the blowing of a bellows, or the flying
of a Kite, are proofs of the materiality of air too palpable
to require insisting on.3 The materiality of air is
further proved by its capability of producing and pro-

* See OPrIcs, Cab. Cyc. p. 90, Ibid. p.92.
": l‘«w!«u’-’fcs, Cab. Cyc. p. 226. t b
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pagating sound. In the detonation of gunpowder, that
substance is converted into a quantify of gas of immense
elasticity, which, being at that instant confined within
the compass previously occupied by the powder, bursts
out with prodigious. force, and strikes the external air
with violence. But, because fire is \gonocerned, more
may appear to act than mere air. A simple experiment
will set this objection at rest. Let a bladder, full of
air, be forcibly compressed uatil it burst: it is best done
by a powerful stroke: the air rusheggout with violence,
and, striking against the external sir, an explosion will
be produced as loud as a pistol-shot. This fact alone
would prove the materiality of air ; for the bladder, if
struck with a force not quite sufficient to break it,
returns very little sound ; ét must, therefore, be the air
rushing out which strikes the surrounding airawith such
force. Were the surrounding air «emoved, there would
be no sound: a bell, struck in the vacuum of an air-
pump, cannot be heard. .

It may be observed, that the bladder will bear con-
siderable compression without bursting : its sides Tay
be forced together ; and, in short, the contained air may
be pressed into a much smaller compass. It is, therefore,
an unavoidable inference, that the particles of which air
is composed are brought nearer together. But, since the
Bladder expands as soon as the eompressing force is re-
moved, it is manifest tifat the p.articles of air resume
their former distancegwhen at liberty %o to do. Thus,
a given quantity of air may be made to occupy Jnore or
less space, that is, may be expanded or contricuilz and,
when contracted, it will mcover its dimensions,with a
force like a spring. This spring, or elagticity, of the
air is produced by the repulsive force of caloric, which
tends to separate the particles, until counteracted by some
opposing force.

The elasticity of the air is a force of considerable
energy. When a quantity of it is compressed, or, as it
is called, condensed, into a very small eompass, its effort
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to recover its proper bulk is prodigious; and so great,
that it will sometimgs burst the strongest vessels. Hence
the well known danger of forcing too much air into the
ball of an air-gun: it bursts, and occasions great
mischief.

' %Al these congiderations provmg thgt air is matter, it
becomes a question, Docs it resemble other matter in that

« cominon property, gravitation ? or, in other words, has it
weight ?  This is a question which can be answered
directly in two wags. If the air possess weight, its abs-
traction from a vessel ought to lessen the weight of that
vessel, and®its addition should increase it. Accordmgly,
an empty glass globe is found to be lighter than the
same globe filled with air.*

Thus air, like other matter, possesses weight ; and the
fact leade to some important considerations. For, as
the atmosphere extends to a considerable height, it must
be supposed that such a weight of heavy air, pressing on
that portion of the atmosphere near the surface of the
earth, would exert a considerable pressure on all bodies
situated at the earth’s surface.

Air and gases gencrally partake of the fundamental
property of liquids, by which they transfer pressure
equally in all directions ; and, as a conscquence of this
property, the pressure arising from their own weight acts
in every dirgetion, and, as its particles possess perfect
freedom of motion at any poinf, the pressure depends on
the weight of the column of fluid gbove that point.t At
the surface of the earth, the,air sustains the ®hole weight
of thé"ﬁlpenncumbent atmosphere here, therefore, the
air beipg most pressed uponm, its particles are forced
nearer to each other, until their self-repulsion prevents
any nearer approach ; and hence the denslty of the air
is gleatest at the earth’s surface; that is, a closed vessel,
full of air, taken at the surface, would weigh more than
the same vessel filled, at a greater height in the atmo-

* PNEUMATICS, Cab. Cyc. p.
. + See HYDROBTATICH Cnb. Cyc. Chlpl. IL 1II. PneumaTics, Chap. 1V,
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sphere. The greater the height at which any given portion
of air is taken, the less dense it is, bgcausg it is less com-
pressed. The condition of being less dense is otherwise
expressed by the words more rare ; because the number
of particles in a given volume is less, and, therefore, sych
a volume wouldeweigh less. At length, towards the
highest parts of the atmosphere, where the pressure is
inconsiderable, the rarity is great; the repulsion of the
particles being her¢ an owermatch for their weight.
Notwithstanding the enormous weighg of the atmosphere
at the surface of the earth,  the destrugtive cqnsequences
of it are obviated by the equality of the pressure on all
sides: for, to be pressed equally on all sides, obviates
many of the effects of pressure as completely as not to be
pressed at all. .

Air is a fluid of an unalterable constitution® there is
reason to believe that, but for cert#in processes to which
it is constantly subjected, it would never suffer any
change. On account of these pgocesses, however, it is
liable to grest and important alterations; and these
alterations are of hourly occurrence. We know, for
instance, that air is injured by @ number of per-
sons breathing in it: it is thus that, in very crowded
assemblies, the air becomes absolutely pernicious ; and
ghere is a dreadful instance on record, of a number of
unfortunate persons whose lives were sacrificed by their
being obliged to respire *the same air for a length of
time. In such air aecandle will not burn. An equal
injury, and of a similar kmd, is done tg aif by a
fire bummg in it, when there is not proper ventilation :
and air thus injured, if atfempted to be breathel, will
act as an immediate poison, and destroy, life. It is
worth while to enquire into the cause of this singular
change.

In order to try the effect of fire, an experiment is
easily made by burning a taper in a quantity of air
included in a glass jar, or bell, inverted over some water,
s0 as to prevent communication withethe atmosphere.
It will be found that the heat of the flame first expands,

H
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the air ; but that in some time the quantity of air will
Jperceptibly diminish, as will plainly
appear by the rise of the water in
the bell when it cools; at length
the taper will be extinguished.

From this experiment two things
are obvious: first, the air which re-
mained in the bell after the taper
had burned some time would no
longer permit it to burn; and, se-
i eondly, at the end of the experi-
Wl ment there was less air in the bell
than before; or,,in other words, some
of the original air was withdrawn. The question occurs,
What has becoine of this a'r? An ordinary observer
would answer, It is consumed, it is burned : but these
explanations have no.meaning ; the air cannot have been
annihilated ; it must still exist somewhere. The answer
we shall be presently able to assign.

There are many other processes beside the burning of
a cindle that would have diminished the quantity of air
in the bell-glass. A liquid, prepared by boiling some
water on a little lime and sulphur, has the property of
absorbing a considerable portion of air which has been

gxposed to its action. The expenment is easily made
by agitating some of the liquid in a bottle, well closed
with a cork, and rem?)vmg the cork under water : water
will rush in equal in bulk to the gir absorbed. We can
then ascertain whether or not the air which remains is
incapdle 8f supporting flame, as it was in the experi-
ment just now made with tkz candle. It will be found
that it is not.

The metal called quicksilver, or, as it is otherwise
calfed, mercury, has also the property of absorbing a
certain quantity of air; but, for this purpose, it must
be kept bmlmg in a ﬂask ﬂlled with air for a great
length of time: the portion which remains unab-
sorbed at the end of the process will extinguish flame, as
in the former instances. But the mercury during this




CHAP. vIL. THE ATMOSPHERE. 99

operation has been very materially changed :'it no longer
possesses its fluidity, nor its metaMic splendour; it is
converted into a red scaly substance ; and it is found to
beheavier. Here, then, are two remarkable facts: when
mercury is heated in a vessel of atmospheric air, a great ,
quantity of the #ir disappears from the yessel, and the
mercury increases in weight. The natural inference is,
that the deficient air is contained and concealed in the
mercury, and that it may bé& possible to detect and re-
cover the portion thus losé&. That such a recovery is
practicable, appears from the followingefact : «— If, after
the air has been absorbed by the mercury, the heat be
increased to ignitiof, the red scaly matter into which
the mercury was changed will restore every particle of
air which it had absorbed, afld the mercury will.re-appear
tn its metallic form. It will be found that the air thus
recovered, to all appearance, resembles common air, so
far as being elastic, transparent, colourless, and inodo-
rous. However, it is very different from that portion of
air which thi mercury originally refused to absorb: shat
portion instantly extinguishes flame; whereas, if a newly
extinguished taper, the wick still i§nited, be immersed
in a portion of the air recovered from the mercury,
the taper will re-kindle, and burn in it with increased
alendour. *
From these experimgnts, thésobvious inference is,
that we have separated common atmpspheric air into
two other airs, diamé&rically opposite in at least one
property, and both of them perfectly different faom the
‘original. One of these airs is so far different from the
atmosphere, that it extingulshes flame ; and the other is
so far different, that it re-kindles the flante, which the
original air could not have done. o
Since, in these experiments, the most remarkable facts
to be observed are, that one kind of air causes bodies to
with ' far greater splendour than they do in the
atmosphere, and the other extinguishes flame, it should
follow, that if the two be mixed togethr, an air should
result, which in its power of supporting flame would be
H 2
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-a mean of those which compose it. Accordingly, we
know this to be the tase ; for the two airs were obtained
from atmospheric air, it being composed of them ; and
every one knows that, in the atmosphere, a candle burns

, precisely in the moderate wuy which might be inferred
from the contrat.ed nature of the two Gonstituent gases.

The air in‘which the taper refused to burn is of so
noxious a kind, that it would extinguish life as well as
flame: this fact has been esiablished by immersing small
animals in it. From. its destructiveness to life, it is
called azote.* The fir, which had been absorbed by the
mercury and recovered, and which favours combustion,
has the effect of sometimes communicating to combus-
tibles a sour taste; and from thls circumstance it is called
oxygen t gas.

The sum, then, of all the preceding details is as fol-
lows : — It has been shown, that by certain processes, as
heating mercury in air, a portion of the air is absorbed,
and another portion is not. The unabsorbed portion
extinguishes flame and life; it is called azote: the ab-
sorbed portion, when recovered, supports flame and life
in an eminent degre®, and is called oxygen. It appears
that atmospheric air is composed of these two gases —
oxygen and azote ; the proportion being {th of oxygen,
t6 4thg of azote, both estimated by volume or bulk under
the same pressure. "

Oxygen and azote have a vgry decided affinity for
each other ; and although in the atmos;@nere, their elas-
ticity may eppose their combination, their union may be
effected by certain processes, and then the change of*
propersies resultmg from cémbination is of the most
striking kind: It is only necessary to confine a quan-
tity, of atmosphernc air, or any other mixture of oxy-
gen and azote, in a small glass tube, one end only of
which is open, and plunged below the surface of mer-
cury, to cut off the communication of the external
air. If through this confined air a long continued suc-

a, No ; and {wm, %0€, LIFE,
1- anu, BCUR ; and ysyvaw, gennao, 1 GENERATB.
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cession of electrical sparks be passed, the mercury will
- gradually rise in the tube — indicating # diminution in
the bulk of the confined air; for the gaseous par-
ticles have, by some unknown agency of the electric
sparks, been forced into clbser contact, and within ehe,
reach of their afftnity for each other. ©,

If the air contained in the tube be examined after
this process, it will prove to be very materially altered.
Instead of being inert, as oYiginally, it is now pungent’
and caustic. If broughte in eontact with water, it
is in part absorbed, and the waler @cquines am acid
taste, and also the remarkable property of changing
the blue colour of vkgetable infusions to a brilliant red,
when mixed. Any substanece, whether solid, liquid, or
gaseous, which possesses %his property of gconverting
vegetable blues to red, and which has a sour taste—al-
though this latter is not indispensable —is called in
chemistry an acid ; and acids form a well-defined class
of bodies. Thus, vinegar and lemon juice are acids;
80 also is th” gas under consideration, produced by pass-
ing electrical sparks through common air, or any other
mixture of oxygen and azote. °

If the water which absorbed this acid gas be gently
boiled, it will be found that the steam which flies

«off does not carry the gas along with it. It s pob-
sible to vaporise almosteall the water ; and, in propor-
tion as it evaporates, the acid becopes stronger: at
length it becomes exc@edingly powerful; and so corrosive
or caustic, that it will stain the skin yelloav, and even
destroy it and form an eschar. It is, in other respects,
exceedingly powerful. A:luantity of it, swallowed, will
in a very short time destroy life ; and it eXhales a smoke
which is highly prejudicial if taken into the lungs.
Thus is the mild and wholesome atmosphere, the me-
diuin of health and life, convertible into the most de-
structive of all poisons ; and by no other means than
lessening the distance between its constituent particles,
80 as to permit the affinity of its el®mentary gases to
operate, and®a true chemical compound to be produced.

: "3
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“This acid is now known to exist in nitre ; it is procured
in large quantities from this source, and hence it is
called nitric acid.

Oxygen and azote form no less than five combinations

,begide that of common airs yet all these are perfectly
different in their properties. It may be here observed,
that, when bodies combine with oxygen, the substance
resulting from the combination is often, but not always,
7an acid ; and whenever it° does not possess the pro-
pertics of an acid, it is called an ozide. Very often,
oxides, by ¢beingacoribined with an additional dose of
oxygen, are converted into acids: but in many cases an
oxide will combine with a new dost of oxygen without
becoming an acid, and will merely form a second oxide ;
and even a third and fourtn oxide may be thus pro-
duced. ITsut when the compound acquires the property
of reddening vegetable blues, it then is entitled to the
name of acid. Whenever there are these successive
stages of oxidation, each stage is marked by the name.
Thus, when any substance has united with its first dose
of oxygen, the resulting substance is called a protoxide,
from the Greek world mp@res (protos), first: when the
second dose is taken up, the compound is called a deut-
oxide, from dedrepog (gzteros) second ; the third dose is
etpresasd by the name tritoxide, from zpires (tritos),
third : but when an cxide congains as much oxygen as
it can unite with, no matter whether it is the second,
third, or fourth, it is called peroxidé, fromgthe Latin word
per, very much: and if there is only one combination,
provided it be not an acid, it is simply called owxide.
Other systems of nomenclatufe are also employed.

The propeity of oxygen which, to an ordinary ob-
server, would appear the most striking, is its power of
supporting that process called, in common language,
burning ; but in chemistry, combustion.

With such force does oxygen promote combustion,
that not only ordinary inflammable substances are burned
with surprising ehergy in it, but even iron itself burns
with the most dazzling brilliancy. All thdt is required
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is, to introduce an iron wire, to one end of which is
attached a bit of burning candle-wick, 4nto a phial of
oxygen: it takes fire, scintillates, combines with the
oxygen, and melts into white-hot globules.  These have
metallic lustre, and, like the originai iron, are attraet- ,
able by the ma8net: yet they contaim gll the oxygen
which disappeared in the process: they are now an ox-
ide of iron.

In the constitution of thé atmosphere we have ample
scope to admire the desigre and execution of a structure
calculated, with such wondrous precision, <o fulfil its
purposes. Were the atmosphere to consist wholly of
oxygen ; and the different kinds of objects which com-
pose, and are found upon, tlle globe, to remain what they
are ; the world would run through its stages of decay,
renovation, and final destruction, in a rapid cycle. Com-
bustion, once excited, would proceed with ungovernable
violence ; the globe, during its short existance, would be
in a continual conflagration, unti its ashes would be its
only remairs: animals would live with hundred«fold
intensity, and terminate their mortal career in a few
hours. On the other hand, were tiie atmosphere wholly
composed of azote, life could neveg have existed, whether
animal or vegetable, and the o&cts of the Creator in

*forming this world would not be fulfilled. But the
atmosphere is a wholesome mixsure of tltese two for-
midable elements, each neutralising the other’s baneful
influence. 'The life 8f animals quietly runs through its
allotted space ; and the current of nature flows within
prescribed limits, managegbly and moderately.
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o ©Sgcron II.

THE WATERS.

¢ ‘The ocean, along with rivers, lakes, and springs, are
objects whichy “after the atmosphere, claim our at-
tention. They shall all be considered under the general
name water.

To an ordinary observer, water might appear, what
it was once believed By philosophers to be, a simple ele-
ment ; not “compiséd of other ingredients, but of the
same nature throughout. This is far from being the
case; and that it is 2 compound is easily demonstrated.

Every one must have observed, that, when water is
thrown on a hot fire, or when a very hot iron is
sprinkled with water, there is a disagreeable and pecu-
liar smell evolved, be the water ever so pure. If the
fire be exceedingly hot, like a forge, the water will blaze
somewhat like ardent spirit thrown on it. If a bar of
iron; heated to whiteness, be partially immersed in
water, the water discharges a kind of air, which takes
fire from the iron, and burns for a moment.* This air
may be collected by pagging the white-hot iron, or a coal
igpited to whiteness, under a bell-glass filled with water,
and inverted, in a vesse] containing water.t Bubbles of’
gas will be generated abundantly at the iron or coal, and
will rise to the top of the hell. , By heating the i iron
bar several times, and immersing 1t and] after each im-
mersion, harfimering it a little so as to detach some black

. scales that form on it, the bell may be filled with gas.
Better methods will be given hereafter.

This gas has two remarkable properties : it is ex-
ceedinigly light, being scarcely more than -,%th of the
weight of the same bulk of common air.f It is very in-
flammable : a stream of it will burn, on the application
of an ignited body, with the emission of intense heat,

% Hassenfratz, Schultg, and Beltancourt, + Lagra

t When bulks'or voluihes of gases are mentioned, they are undermod
to exist under the ordinary atmospheric pressure, unless the contrary is ex-
pressed.
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but little or no light ; yet a lighted taper immersed into
& phial of it will be instantly extimguished. This gas
is, therefore, of a nature quite different from the two
gases which have been already described : it does not
resemble oxygen, or azote,%or any of their compounds. |
It has been stited, in the last sectiow, that iron may
be burned in oxygen gas. In the experiment there
described, it was observed, that the iron wire, in
burning, melts down into %lack, brittle globules, no
longer metallic, although they hgve a lustre approaching
the metallic ; and still attractabl® by the gnagnet, al-
though now an oxide of iron. In the experiment, just
now described, with the white-hot iron bar, it is ob-
servable that the scales hammered off are an oxide
of iron, in every respect tHe same as the former. Now,
whence was the oxygen derived, which thus uhited with
the iron ?  The only substances concerned are iron and
water : it is, therefore, an unavoidable inference, that
the oxygen was derived from theswater, and that oxygen
is one of its'component parts. The experiment may be
made in a manner which renders the truth of this
position quite manifest. Let the steam of boiling water
be passed in at one end of an iron tube, containing iron
turnings or borings, the tube and ®ntents being kept at a
wbright red heat: let a flaccid bladder, from whjch the
air has been previously yell squégzed out, be tied at the
other end of the tube : the bladder will speedily be dis-
tended and filled with the gas in question ; the iron
turnings will be converted into the same oxide of iron.
The passing of the steam over the iron may be continued
until the whole of the wlter has been converted into
steam, and thus forced through : the results are the same
to the last: inflammable air incessantly passes thrgugh
the tube, and oxygen is continually absorbed by the iron.
‘When the water is exhausted, both processes cease ; and
there are no other products.
It must be inferred from these facts, that water is re-
solvable into oxygen and inflammable dir ; and that it is
composed of these two gases. It might also appear that
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this conjecture could be brought to the test by mixing
the two gases,cand ‘hus ascertaining if water can be
formed by their union. On making the experiment, we
find that the two gases, when mixed, remain unaltered :
Jheir particles seem to be at'such a distance from each
other, while in tkeir elastic state, that they are not within
the limits of each other’s affinity. But by lessening the
distance, as by forcing the two gases into a very small
compass, by means of a powerful condensing syringe,
they combine, and witk the peculiarity of producing a
loud report; as well ad a vivid flash ; for, under ordinary
circumstances, whenever they combine they burn. This
experiment is violent and dangerous, and the rcsult of
the combination cannot in this way be determined. But
inflammable air may be burned in a small stream in a
vessel filled with oxygen ; they then combine quietly,
and the sides of the vessel are soon covered with streams
of liquid, which trickle down to the bottom. This is water.

The result of this slow combination of the two gases
is just what was anticipated : water has been formed ;
and it may be admitted as a fact, analytically and syn-
thetically proved, that water is composed of oxygen and
inflammable air. It ;pay appear surprising, that from a
large volume of gases Ofily a few drops of water are pro-
difeed ;but when it is recollected that the gases were in*
their elastic state, and.that now they have parted with
that heat which gaused them to be self-repulsive and

- voluminous in bulk, the wonder ceases @ the heat with
which the gases have parted was that which constituted
the flame. As inflammable ajr is thus proved to be the
most resnarkable ingredient in the formation of water,

, this gas has obtained the name of hydragen ¥, signifying
watev-forming.

Between oxygen and hydrogen there is a remarkable
difference, which deserves notice. Hydrogen is a com-
bustible body : but if a burning body be immersed in it,
the combustion is extinguished. If a burning body be
introduced into oxygen, the combustion goes on with by

* {dws, hudor, WATER ; ytyveew, 1 CREATE.
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far greater intensity : but oxygen itself cannot by any
means be made to burn ; it is tharefore incombustible,
although it supports combustion. From facts of this
kind, a distinction of bodies into combustibles and sup-
porters of combustion has been made, and a claspifi-,
cation of all th®bodies in nature has dgen founded on
the distinction.  This is, perhaps, unfortunate ; the pro-
priety of it depends on the meaning of the word com-
bustion: and the definition® of combustion which would
render the distinction proper is too restricted, and cal-
culated greatly to perplex the thedry of thaé process, as
will appear hereafter.

During our examination of air and water, we have
arrived at the knowledge of some important and striking
facts. We have seen thdt the wholesome air, which
is indispensable to the life of animals, cohtains the
elements of destruction: and tha! the most incombus-
tible of all bodies, water, is composed of the elements of
fire. 1In short, we have obtained an acquaintance with
oxygen, azo.e, and hydrogen, —substances which Jold
the most prominent place in creation: and we have
leatned that these bodies, by union with each other, form
others of agencies just as extensiye. Oxygen and azote
form a powerful acid, possessedof violent properties ;

woxygen and hydrogen form a passive compoundg chiefly
remarkable for its inertpess: bdf of the action of hy-
drogen and azote on each other, whether they combine,
and if so, of* what nattire the compound may be, we as yet
know nothing. If hydrogen and azote, bothdin the clastic
statc, be mixed; no chan% follows: but we are not to
be so far mlsled by this fact as to conclude thatethere is
no affinity between them : we have learned by the ex-
perience of azote and oxygen, as well as of oxygen and
hydrogen, that although powerful affinities may subsist,
some management is often required to induce a combin-
ation. Accordingly, a mixture of oxygen and hydrogen,
when forced to an approximation of particles by me-
chanical compression, actually lose their elasticity, and
combine with explosion, forming water. If hydrogen
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be divested of its elasticity, and presented in this state
to azote, an union tales place equally, and a compound
is produced possessed of energetic properties, and very
different from those of its component elements. But
theehydrogen is not to be deprived of its elasticity by
mechanical compeession, as in the formeér case : the same
object can be effected by a much more easy method :
let the hydrogen be presented before it has acquired
elasticity, at the very momefit of its birth as we might
say, or, as chemists express its in the nascent state. Al-
though, in the precesges just now described for obtaining
hydrogen, heat was made use of for liberating that gas
from' its combination with oxygen, ic is to be observed,
that heat only hastens the subversion of the affinity which
holds the elements of the water together: the same
changes may be effected without elevation of tem-
perature, but they will take place very slowly. If iron
filings be mixed with water, minute bubbles of hydrogen
will at length be seensto form round the particles of
iron: the oxygen does not appear, for it combines
with the iron. The hydrogen becomes visible, because
each particle of it has received the caloric necessary
to its existence as a gas. But if the mixture of iron
filings and water be confined in a vessel containing
nothing.but azote, the azote will exert its affinity at the-
very instant when eacli particle of hydrogen has been
eliminated from the water, and before it has had time to
+ derive the necessary heat from thé surreunding media.
In this state. of things, a combination takes place; the
hydrogen does not make its appearance, and the azote
actuallyedisappears ; and wheh we come to’examine the
contents of the vessel, we find neither azote nor hydrogen.
On apening the vessel, instead of an inodorous mixture
of gases, as pure hydrogen and azote would be, it has
acquired a smell of great pungency, identical with
that emitted from what is called smelling salts or harts-
horn, both of which owe their qualities to its presence.
Water absorbs this gas with avidity, and affords a liquid
having the same smell, a pungent caustic taste, and the
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property of reddening, or even blistering, the skin when
applied to it. e

In treating of the atmosphere, it was stated, that, when
oxygen and azote are combined in a certain ratio, a
compound is produced which possesses the propertw of,
changing veget#ble blue colours to %d ; and it was
mentioned that this property constitutes the quality
called acidity. We have now to examiue whether the
compound produced by the combination of azote and
hydrogen possesses this guality, If some of this pun-
gent liquid be added to water in which violgts had been
infused, the blue colour will be instantly changed, not
to red, but to grees ; and the same will happen to any
other vegetable blue: or, the vegetable blue having been
already reddened with an®acid, if a sufficiency of this
compound of hydrogen and azote be added, the red

* colour will disappear, and the Yriginal blue will be
restored ; and if still more of the compound be added,
the blue will be changed to green, just as if no acid had
been ever aided. -

There is here not only a difference, but a decided
opposition of properties. What *the acid does, this
compound undoes: it not only destroys the redness
occasioned by the acid, but it communicates a colour

» characteristic of itself. « °

As the term acidity,is attriljited to bodies which
have the power of reddening vegetable blues, so to the
quality of rendering® vegetable blues green a peculiar
term has been appropriated ; it is called alkalinity; and
the bodies which possess this property,—for it will be
hereafter seen that there ae many,— are called el/alies.
They possess another power, also, over vegetable colours;
they convert yellows to a deep red, or, rather, brown:
and the infusion of the dye-stuff called turmeric is used
for this purpose.

It may excite wonder that such importance should be
attached to the apparently trivial circumstance of chang-
ing the hues of vegetables, as to induce themists to invent
terms indicative of generic distinctions amongst bodies,
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founded on this quality. But the cause of wonder va-
nishes when wedearnethat the effect on colours is merely
an easy test, a visible announcement, that each of these
classes possesses a distinct.set of properties. We connect
each change of colour with ¢he possession of a certain
set of propertiess and, by the applicatfon of this test of
colour, we infer the existence, and attribute the pos-
session of a whole series of properties to each class.
Acids and alkalies are considered as opposed to each
other in their nature, .and each presenting a kind of
reverse property to the other. They have, generally,
a powerful affinity for each other; and, obeying that
affinity, they counteract and lesserr each other’s cha-
racteristic effects. Thus, an acid has a peculiar taste,
expressed suﬂ‘iclently by its ‘name ; H it is sometimes so
powerful ds to be corrosive and poisonous. An alkali
has also a peculiar taste, quite different from an acid ;
it also is often caustic and poisonous. If both of these
violent and pernicious substances be mixed, we might
fairly expect to have a compound doubly violent and
pernicious. But the reverse is the fact. If, to an acid
of this kind, a small uantity of an alkali be added, the
sourness of the former is diminished, it is less corrosive,
and less poisonous: a little more alkali produces a little
mere diminution in the power of the acid ; and the same »
happens with.further aditions, until, at length, the pro-
perties of the acid are completely null,—it is no longer
sour, no longer corrosive, no longer permicious, and it no
longer reddens vegetable blues. It is, in short, destitute
of effect on colours : its taste is salt and cooling ; and
in its general properties it Is comparatively inactive.
These changes are produced in consequence of the
affinities of the acid and alkali having been satisfied :
the ratio of their quantity is such, that the point of
saturation, explained in the chapter on affinity, is at-
tained, and there is, consequently, a total change of
properties, as is always the case when active affinities
have been in opération. But if, after this point of
saturation has been attained, the addition of alkali be
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continwed, the neutral and inactive state of the com-
pound no longer subsists: it now begins to assume
acrimonious qualities; it again acts on vegetable colours:
but these effects are attributable to the redundant quan-
tity of alkali above what was necessary to saturate ghe
acid. For, while the alkali was saturatipg the acid, and’
destroying its peculiar powers, the acid was producing
a corresponding change in the alkali: the latter was at
length deprived of its power of converting vegetable blues
to green, as the acid was of altermg them to red. But
after the alkali had completed the satuiation gany further
additions of it could effect no other change, and, there-
fore, must remain dndependent and unaltered. This
state of mutual saturation, where the peculiar powers of
both bodies are suspended ®and concealed, is called neu-
trality; and the neutral compound is denotninated a
salt, because it generally has a sakish taste. The salts
thus arising from the combination of acids and alkalies
are generally disposed to undergg that symmetrical ar-
rangement clled crystallisation, which was explaingd in
the chapter on cohesion ; and each separate regular form
is called a crystal. .

It does not, however, follow that a salt must be neu-
tral, because necutral compounds are designated salts:
on the contrary, salts may either manifest the pogsessien
of acid or alkaline quahtles. Ineguch cases the salts are
not neutral, and yet they may have been saturated ; for
it does not follow that neutrality and “saturation should
always accompany each other. It is possjble that an
alkaline body may unite with such a quantity of acid as
saturates it, although it sti® manifests alkaline praperties,
and is not neutral

The substance with which an acid is combined in a
salt is called its base : thus, the alkali is called the base
of the class of salts just described.

Having thus explained the nature of alkahmty, and
having taken advantage of the first opportunity that
occurred, to show how this property is #pposed to acidity,
how the two qualities counteract and saturate each other,
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and p! Seluce neutrality, we must return to the compound

of lydYogen and azete, which was under consideration,

and, from which this digression was made in order that

the nature of saturation and neutrahty might be more
. fully explained.

In volcanic cpuntnes, a mmeral is fcund which occurs
in crystals, and in masses of a grayish, yellowish, or ¢
brownish colour ; its taste is sharp, burning, and saltish.
The quantity obtainable insa state of nature is so very
insufficient to supply the demand, that it has been an
object at a]l times to» form it artificially, and the inge«
nuity of man has supplied it in abundance. It was
once manufactured in large quantities in Egypt, near the
temple of Jupiter Ammon ; and, deriving a name from
the place whence it was obta‘med it wis called sal am-
moniac,~~a name which it commonly retains to this day
At present it is munufactured in vast quantities in
Britain, for it is used extensively in the arts. By itself,
it has no smell; but.when it comes in contact with
lim¢, it discharges a pungent and suffocating vapour,
easily recognisable as identical with the pungent gas
produced by the combination of nascent hydrogen and
azote. If the powder of sal ammoniac be mixed with
quicklime in a bottle, and a bladder be tied round the
mouth,. the common air having been previously pressed,
.out, there will be an gxtrication of gas from the bottle
as soon as heat is applied : the ‘bag will become inflated
by the newly formed gas: it will'resemhle atmospheric
air in its physical properties, such as being transparent,
colourless, and elastic : but its smell identifies it with
the alkaline gas already described as composed of
hydrogen and azote. The identity is confirmed by the
facility with which the gas is absorbed by water, by the
smell of the water thus impregnated, by the caustic
taste, and the power which it possesses of changing
vegetable blues to green. It will also saturate and
peutralise acids. This voleanic salt, therefore, as well
as that artificially obtained, holds the alkaline gas in its
substance ; it is its basis ; and the alkaline gas has been
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numedirainmbnisy: o amronisosl guey from aalt
which gives origin to itt Watereabsorbs* of
400 titnes its bulk of this d acquires some of its
properties ; the compound is hetice called lguid ammo-
nia. During the absorption of ammoniacel gas by,
water, the hquid®ecomeshot : for the qgloric which was
'latent in the gas, and maintained it as such, becomes
sensible as soon as the gas changes its state to that of
a liquid, according to a law already explained: hence
the temperature rises. Awthe sgme time that the gas js
thus absorbed, the solution suffer#a permagent expan-
sion, for the resulting liquid is specifically lighter.

If hiquid ammoniz be heated, the ammonia takes back
the® calorie which it parted with when it was first con~
densed in the whter ; it Mmmes the gaseous form, and
flies off in the state of gas. From the circumstance of its
Jying off, iquid ammonia is said td be volatile ; and the
térm is applied td all other substances which pass off in
vapour or gas at a low temperatuse.

Ithas beeh ghown that acide and alkalies have am
affinity ; that they combine and form salts. The nante
given to a salt is comtrived to be an index to its composi.
tion : it consists- of a genus and a species: the acid
contributes the generic portion, and the alkali the specific.

wThus, the name nitrate of ammonia is given to ghe adlit
formed from nitric acij and afymonia. Chemists are
acquainted with o vast number of salts,

Secrion 111

EARTHS AND METALS.

1#When the atmost endless diversity of objects is contem-
plated; which present themselver in our survey of the
hiners} vproducts of the earth, one might at firnt be 44
cliged.fo abandon the'sttempt of studying their habitudesd
s hirpractionblefbutFor the agreemeht%f many oficheys

e 2
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in characters which naturally suggest a classification.
Thus, there'are a mumber of bodies which correspond
more or less in the followdfg properties :—They are hard,
heavy, and opaque ; insoluble in water ; they posseis a
equliar kind of brightness oy splendour ; admit of being °
so highly polishgd as to be good reflectdrs of llghe are
capable of bemg melted by heat, and of recovering their
solidity by cooling: most of them may be extended by
hammering, and some intosthe thinnest films. These
bodies are called metal§ ; and many different kinds are
known. They age of various colours ; and they require
different degrees of heat to melt, or, as chemists say, to
* fuse them. .

We find minerals which evince some of the pro-
perties of metals, as opacity, great weight, sometimes
splendour; and at all times convertibility to the metallic
state: these are metdls combined with other bodies ;
they are called ores ; and it is in this state that metals
occyy in nature, and from it that metals are extracted.

%e find minerals which possess some lustre, much
weight, hardness, and transparency : they are insoluble
in water, often infusible in the fire, and little alterable
by heat, unlesst he most intense : they assume regular ,
crystalhne forms. These are called stones. Sometimes
they arg of decided and beautiful colours, perhaps trans- ¢
parent, exceedingly clbse and hard in texture, and
smooth and brillignt in fracture. These are called pre-
cious stones or gems. ® -

There areomineral bodies which, in their external cha-
racters, resemble the preceding class, but are digtinguished
very deeidedly in others. Thby are in beautiful and re-
gular forms; they possess lustre ; are sometimes eoloured ;
they are generally acted on by a moderate heat ; and are
very frequently dissolvable, or, as chemists say, solublein
water. These are called native salts, to distinguish them
from selts which are prepared artificially.

Other minerals are distinguished chiefly by their com-
bustibility ; such®are sulphur, bitumens, coals, &c.

In the mineral, as in the vegetable kingdom, we find
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a variety of acids and alkalies ready formed, which, if
they are not peculiar to minerals aretat least found
amongst them in considerableAfuantity.

As to ores and metals, no further notice need be taken
of them in this division of the work: their placesin,
creation, and tifeir nature in general, are sufficiently
known to every one. Rocks, stones, and earths appear
dissimilar to each other: the hardness, closeness of texture,
and weight of the former, seem to distinguish them from
the looseness, softness, and lightness of the latter. Yet
observation shows that the nature of all ofsthem is the
same: stones and rocks are often found mouldering into
earth, and earth is known to harden into stone. The
process of mouldering produces no change further than
breaking down the cohesiorf of the rock : accor:lingly, we
find the soil at the foot of rocky mountains to contain
the same ingredients as the rocks themselves.

With regard to earth, very little palpable difference
can be perceived in the great bulk of it ; it is apparently
much the same in all parts of the world. But rocksand
stones are found in every variety of aspect, and com-
posed of very different materials. Now as these, when
broken down into small particles, or powder, constitute
earth, chemists have denominated the ingredients of
which rocks and stones are composed, earths; ayd thee
are, consequently, of different kifds. .

The beauty of the precious stones has brought them
into such general request for ornamental purposes, that
their external characters are well known. Netwithstand-
ing their valuable qualities, they are, with two or three
exceptions, composed of tife same materials as tlve com-
monest stones. In the following account, such minerals
only shall be noticed as make us acquainted with some
new substance.

The sapphire is, in point of value, second only, to the
diamond : it is of various colours; but the blue and
red are most esteemed, the red being more valuable.
Sapphires are brought from Ceylon, afld other Oriental

' 12
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countries, as well as from some parts of Europe. The
red sapphire istcommeonly called Oriental ruby, and the
yellow kind is the Oriental topaz. These stones, when
rubbed, often emit a phosphorescent light.

o *The sapphire is almost entirely composed of a pecu-
liar kind of earth, which, smgular to #uy, is one of the
most abundant and common in nature, notwithstanding
the great value set on the gem. The same kind of earth
constitutes the basis of allc clay soils ; it is the ingre-
dient which gives porcelain carth and potters’ clay the
plasticity ard duetility that permit it to be moulded into
the various kinds of china, delft, &c. It is the chief
ingredient in pipe-clay and in common roofing slate. It
is named by chemists argillaceous earth, or alumina. In
every IOO grains’ weight of *bluc sapphire, 92 arc pure
alumina ;' and it owes its beautiful and much valued
colour to so small ah admixture as 1 grain of iron in
every 100 of the gem.

The next of the precious stones which it is necessary
to describe is the amethyst. The kind most generally
known is of a purple colour, although it occurs of other
hues. The most esteemed are those brought from Cey-
lon and India; those next in value are the Brazilian:
they are found also in Ireland, although of inferior
treauty; and in many other parts of the globe. The,
amethyst is composed vf a basis quite différent from the
kind last described ; but, like the last, it is abundantly
diffused throughout nature. Evéry one i acquainted
with the sgone called flint; it is very common, and
therefore of little value ; yet it is composed of the same
materials as amethyst : the ldtter contains, in 100 grains,
98 of a peculiar substance, which, from silex#the Latin
name for flint, is called silica. Of the same substance
as the amethyst and flint are composed the gems called

-carnelian, cat’s-cye, rock crystal, Egyptian jasper, and
opal. The last, distinguished by the name of precious
opal, is one from most beautiful of gems, and yet con-
tains, in 100 grams’ weight, nothing more than 90 grains’
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of silica and 10 of water. Notwithstanding the high
price and beauty of these stones, the miterial of which
they are composed constitutes the great bulk of the sand
which lies valueless on our shores.

Silica is an egsential ingredient in glass, in all sfts,
of pottery, and n artificial gems ande gnamels. It is
abundant in nature, and sometimes constitutes the bulk
of mountains.

1t was, some years since, belicved that silica is an earth
analogous to those already deseribed ; but it has been
discovered that this is a mistake, and shat it®is of a very
different nature. It has been hcre described amongst
the earths, merely Yecause it is the basis of a number of
precious stones ; and its 3eal nature, as far as known,
will be pointed out hereafter. .

There are some gems of great heauty and value com-
posed chiefly of silica, but containing also alumina ; as
the garnet ; the Brazilian topaz, which must be distin-
guished from the Oriental ; and tite Occidental or precious
emerald, of which the beryl is a species. .

The emerald and beryl are not, however, entirely com-
posed of silica and alumina, but ‘contain also another
earth, with which it is necessary to become acquainted.
From its property of forming combinations which have
a sweet taste, it has been named, glucina. «

There is a peculiar substancey until lately considered
an carth, which constitutes the greats bulk of the gem
called hyacinth. This stne is found in various coun-
tries ; but the most valuable is from Ceyln, which is
the repository of all rich gems. Hyacinth occurs red,
brown, yellow, and green: every 100 parts of the stone
contain 70 of the substance under consideration. It
was first discovered in a species of hyacinth called the
zircon, and hence has been named =zigconia. Besides
other places, the zircon is found in Scotland. Its nature
is not fully determined.

The last of the gems which introdxlces to our know-
ledge a peculiar earth, is one that 1s known only to

13
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mineralogists ; it is called gadolinite, from the name of
the Swedish chemist! Gadolin, who discovered that mi-
neral. In this stone was found the earth in question,
and it obtained its name from the place where the mi-
defdl was found : it has been ‘called yttrz;a, from Ytterby,
in Sweden. Its physical characters are not very different
from those of the preceding earths,

In introducing the student to the knowledge of the
preceding earths, the gems have been adduced as ex-
amples, on account of their fontaining them in great
purity, andas substances with which being familiarly
acquainted, we acquire a knowledge of their component
earths with less of the difficulty and dbruptness attendant
on a new science. We now tgke leave of these, and pro-
ceed to copsider the nature of a much less costly class of
minerals, although, in_point of utility, some of them are
of far greater importance. '

Every one is acquainted with the stone called marble ;
its diversified hues, or its pure whiteness, and its lustre
wher polished, have introduced it as a beautiful material
for ornamental architecture and sculpture. Marbles are
of all varieties and mixtures of colour. Notwithstanding
their value, they are the same substance with sommon
limestone and chalk, with a slight difference only in
putity. <Limestone is one of the most abundant minerals
in nature: it sometimes constitutes the substance of
whole mountains..

The burning of limestone is & proces® common in

most parts of the world. The stones are broken small,

and ‘stratified with fuel in a kiln, which, when set fire
to, heats the stone red-hot. During the burning, the

limestone becomes much lighter. It is now called quick- .

lime, or roche-lime, and its properties are totally changed.
Woater poured on,it is immediately absorbed, and the lime
appears as dry asever. In some time, however, it swells,
bursts, grows hot, discharges steam, and falls to powder.
This powder is galled slaked lime. The same pheno-
mena are exhibited by marbles and chalk after burning,
if similarly treated.
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There are two minerals very different from limestones
and marbles, and from each other, whichy however, agree
with limestone in the property of affording earths that,
when cold water is poured on them, become suddenly
hot, and undergo the process of slaking. These minewls
are named carbofiate of baryta and carbgnate of strontia 5
and, from these names, the two earths obtained from them
are called baryta and strontia.

Baryta is distinguished amongst the other earths by
being a violent poison, an¥l also by being the heaviest of
all the earths: hence its name. Sitontja is wot a poison.
The only remaining earth is one that is well known as
an extensively used®and popular medicine ; this is called
magnesia. It exists in vapous minerals ; one of which,
found in America, consist}, in 100 parts, of 70 mag-
nesia and 30 water.

The preceding carths are all which the ingenuity of
chemists has been able to discover; and of these are
composed all the gems, stones,srocks, mountains, and
soils, that are found throughout, and constituting, the
globe. Some of these minerals contain but one earth ;
others two ; and others so many as four. From this ex
amination we learn, that the solid parts of the globe,
as far, at least, as human industry has discovered, are
composed of a few earths and metals, each beipg pre-
sented under an astonishing variefy of forms ; and it will
presently be shown, that the distinction between earths
and metals, evident a8 may it appear, is not well founded.
It had long been observed, that the properties of earths
very nearly resemble those of the compounds of oxygen
and metals called metallic® oxides : but it remamed for
the chemists of our own day to prove what their prede-
cessors had so sagaciously suspected ; and, of late years,
it has actually been demontrated that earths are them .
selves metallic oxides. This has been shown by the
very simple methed of abstracting oxygen from them ;
and determining that, in each case, globules of a peculiar
metal made their appearance. To mdtallise the earths,

14
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it is only necessary to subvert the affinity subsisting
between the metallic basis and the oxygen, by means
of some body having either a naturally stronger affinity
for oxygen than the basis, or made to have it by art.
Thz oxygen being withdrawn from the compound, the

asis will makg, its appearance in tHe metallic state.
But although the description of this method seems sim-
ple, and easy of accomplishment, there are difficultics
in the way, and such as require the exertion of no or-
dinary skill to surmount. What these means are, it is
not here necessary to‘detail ; it is sufficient to say, that
it was chicfly through the application of the powerful
agent called galvanism that the difficulty was overcome:
but the mediation of naturg] affinities was sometimes
sufficient. | When any of these earthy metals was pre-
sented, at an elevated temperature, to the action of oxygen,
the latter ‘was absorbed, and the original earth was re-
produced. The metals obtained from the earths are
named aluminum, glucinum, yttrium, calcium, barium,
strortium, magnesium. To this list a new metal has
lately been added : it has obtained the name of thorium ;
being extracted from a mineral of a very complicated
nature, called thorite.

It appears, therefore, from the investigations of mo-
devn chgmists, that the globe of the earth is one vast
mass of metals of diffefent kings, disguised by various
substances, but chiefly by oxygen.

There are three substances fdund inweach of the
kingdoms of aature, which, in their properties and com-
posmon are nearly related to the earths, and are
in daily ase in arts, manufactures, and domestic economy:
they are called potash, soda, and ammonia. They all
possess the properties of an alkali in a high degree;
and, indeed, in many respects resemble each other.
There is also another alkaline substance, which belongs
to the same class, but differs in being exclusively of
mineral origin: the name lithia has been given to it,
significant of its stony origin. Potash, soda, and lithia,
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have been proved to be of the same constitution as the
carths; and metals of extraordinaryepropdrties have been
produced from them by abstracting oxygen. On account
of the sources from which they are obtained, the metals
are called potassium, sodiug, and lithium. Ammoria,.
although powerfdlly alkaline, and analqgous in its qua-
lities with potash, soda, and lithia, differs from them in
the circumstance of not being a metallic oxide ; and, in
this respgct, agrees with a iamerous class of alkalies to
be noticed hereafter. Its compgsition has been already
explained : it consists of hydrogerf and, azots, neither of
which is known to be metallic. As these four substances
evince the possessién of alkaline qualities in so high a
degree, they are named, by gvay of eminence, the alkalies:
but some of the carths pofisess the same properties, al-
though in a much less degree, and are called alkaline
earths ; such are lime, baryta, stfontia, and’ magnesia.
To this property the substances called alkalies superadd
another, namely, solubility in water: potash and soda
dissolve in water readily, and in large quantity. Am-
monia exists in the gaseous state, and is largely absorb-
able by water. Lithia is but sparingly soluble ; so also
are lime, baryta, and strontia: hence lithia is, in this
property, connected with the earths,; but it is separated
from them by its caustic, acrid taste. DPotash, sqda, and
ammonia, are easily soluble in %trong spirit of wine:
lithia is not so; and this, again, conpects it with the
earths. ¢

Opposed to the alkalies and earths, in properties, are
the acids of which some mineral substances are partly
composed ; and which we*ind in the mineral kingdom,
existing in an uncombined state also, and sometimes on
a scale of immense magnitude. There is, in the island
of Java, a volcano called Mount Idienne, from which the
Dutch East India Company have been often supplied
with sulphur for the manufacture of gunpowder. At the
foot of this volcano is a vast natural manufactory of
that acid commonly called oil of vitribl, although it is
there diluted largely with water: it is a lake about 1200
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French feet long; the water of which is warm, of a green-
ish white colout, an¢ charged with acid, from the sur-
face of which a slight smoke rises. Towards the south-
west, the lake discharges itself, and forms a river of the
sawye acid. The taste of this liquid is sour, pungent,
and caustic : it kills all the fish of a ‘river into which
it flows ; gives "violent colics to those who drink of it ;
and destroys all the vegetation on its banks. When a
little is evaporated by heat, pungent sulphurous vapours
arise, similar to those (ischarged from the volcano, and
some sulphur is deposited. From this account, it is
plain that there is some intimate connection between the
acidity of the liquid and the sulphuresus fume occasioned
by the incessant combustion of the sulphur. The water
seems to have absorbed thede vapours, for these very
vapours ate exhaled when it is heated ; and that such
vapours are sufficient ‘to cause the acidity, any one may
convince himself, by the simple experiment of burning
some sulphur in a glass globe full of air, in the bottom
of which a little water lies : vapours are formed, which
the water absorbs; it becomes sour to the taste, and
now reddens vegetable blues. Such is, in fact, the
very process that is continually going forward in the
volcano ; and the result is this acid in enormous quan-
tities, produced by the combination of sulphur with
oxygen derived from thle atmosphere.

Chemists had lgng been acquainted with the acid under
consideratjon ; but it was only within a cemtury that it
was known te be produced by the buming of sulphur:
from the origin of the acid, chemlsts have given to it the
name of. sulphuric acid. It Was formerly called oil of
vitriol, because it was distilled from a substance of mi-
neral origin, called vitriol, on account of an imperfect
resemblance to green glass; vitriolum being the dimi-
nutive from vitrum. It is now manufactured in Britain
on an immense scale, by the burning of sulphur; its
uses in the arts being extensive.

This lake is found to contain also another acid, with
properties quite distinct from those of the sulphuric. If
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a quantity of its water be subjected to the process of
boiling in a glass flask with a bent Aeck, %alled a retort,
so that the steam which passes over into the neck shall
be there condensed into liquid, we obtain this second
acid. It has be.en found ia various products of otl®r
volcanic countrics, by Spallanzani, Vaugquelin, Breislak,
and others. The last of these observers found it in a
form which, in itself, is a characteristic sufficient to. dis-
tinguish it from the sulphurk : he found it in a state of
vapour, as a permanent ga8 ; at Jeast, so far permanent
that it would remain a gas for ev®r ife not brought in
contact with water. This fact shows that liquidity is not
the state in which this acid exists in its most simple
form : the liquid consists of the gas dissolved in water ;
for such is the affinity subststing between themy that the
elasticity of the gas is subdued. L]

The celebrated traveller and philosopher Humboldt
found it in a number of warm springs in Mexico, scat-
tered over a space of forty square leagues of volcanic
country. .

It appears that this acid is contained in vast abund-
ance throughout the great body of waters which sur- .
rounds the globe ; although not in a free and independent
state, but combined with soda and magnesia. It has,on
this account, obtained the name of muriatic acid, ind®-
cative of its being an ingredient ia sea-water.

According to the analogy of the acids already de-
scribed, we should sdppose muriatic acid to .be com-
pound. That it is a‘'compound, and wkat its com-
ponent parts are, it is easy to evince. Let a mixture
of oxygen and muriatic acid gas be passed through
a porcelain tube, one end of which is red-hot, and the
other cold : a quantity of water will be found condensed
in the cold end. Now, the elements of water are
oxygen and hydrogen: we have supplied the oxygen
in the experiment; but whence came the hydrogen?
There was no other body present to supply it but the
muriatic acid ; we must, therefore, infér that hydrogen
is one f the constituents of muriatic acid, and we should
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expect to find the other still in the tube. On examining
the tube, we find that it contains a gas very different
from the original muriatic acid. If passed through a
vegetable blue colour, it no longer reddens it, but totally
deprives it of all colour: it-is now much less absorbable
by water ; the splution has not an acid, but an astringent
taste ; and the colour of this gas is greenish, although
the original one was colourless. The new gas does not
extinguish flame, as muriat?c acid gas does ; on the con-
trary, various bodies, when fmmersed in it, take fire
spontaneodhly. . In short, the gas found remaining in
the tube is in every respect dlﬂ'ercnt from the original
muriatic acid gas.
- This new gas, in consequence of the green colour,
which is a distinguishing character of it, has been named
wchlorine*; and its compounds with other bodies are called
chlorides. From the experiment, the results of which
have been stated, it appears that muriatic acid can be
resolved into chlorine: and hydrogen : hence these two
gases, when united, compose muriatic acid ; and hence
this acid has been also named hydrochloric acid, in
allusion to the two gases of which it is compounded.
Chlorine is an abundant element in the mineral king-
dom : itis found in combination with the metal sodium:
the compound is rock-salt. Insea-water it is associated
with two singular substances, called iodine and bromine,
both of which resemble it in many respects. The most
striking quality of iodine is, that, when #heated, it ex-
pands intoca violet-coloured gas, which,” on coo]ing,
crystalhses again into its orlgmal form. Bromine is a
poisony a violent caustic ; and is capable of setting fire
to metals, by mere contact, at common temperature.
The basis of sulphuric acid, as already observed, is
sulphur. This highly inflammable substance is found
abundantly in the neighbourhood of volcanoes, crystal-
lised in a state of purity, It exists, combined with
metals, in a number of ores ; and in some of these,—as

* x\agos, chloros, GREEN.
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that of the copper-mines of Fahlun, in Sweden, and the
isle of Anglesea, — it is associated with 4 substance ex-
ceedingly similar to itself in all its properties. This
substance is called selenium. Its most easily recognisable
quality is, that, when in the statc of vapour, it smels
strongly of horsetadish ; and one of ity compounds, if®
snuffed up the nostrils, produces catarrfial symptoms,
with violent cough.

Secrion IV.®

ORGANISED STRUCTURES-

Notwithstanding the pérplexing diversity of form
which vegetable substances assume, experim®nts have
proved that they are all compossd of the same ulti-
mate materials ; and these very few in number. We
may select any vegetable structurg as the representative
of all the rest; and, by examining others in the same
manner, it will be found that they present the same
results. .

The method by which the component elements are
separated is simple; the vegetable is merely exposed
to the action of fire, —not an open fire, for in thjs
way all its parts would be dissipated or b\.lmed'away H
but in a vessel calculaled to rétain its principles in
such a manner as te permit their beiflg brought under
examination. Green wood will be a gqod ‘instance.
Take a common gun-barrel, the touch-hole of which is
stopped ; push a small cylinder of green wood down to
the breach, and place that end horizontally in a good
coal fire. As the wood is heated, the water, which is
the chief ingredient of its juices, distils over, and drops
from the open end of the tube. In proportion as the
_water distils, from being insipid it becomes sour.
Shortly after, a gas issues out of the tube, and may be
collgcted by tying a moist bladder, the eommon air being
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well pressed out of it, round the mouth of the tube.
If, when the 'gas ecases to issue, the contents of the
tube be cxamined, the piece of wood will be found al-
tered into a black, dry, light, sonorous mass, retaining,
hcwever, its texture, though much reduced in size. It
is, in short, converted into charcoal; or, in chemical
language, carbon; and if its weight be added to that
of the gas, the mere water, and the sour water, the re-
sult will be the original weight of the wood without
loss: hence these are all the ingredients which composed
the wood. ¢ -

Charcoal is a substance so well known that it is un-
necessary to describe it. One of its most commonly
known properties is combustibility : if a bit be kindled,
and a current -of air supplied to it, it will burn almost
entirely alay, leaving only a few white ashes of little
weight. In commofi air it burns with no great bril-
liancy ; but if the experiment be made in oxygen gas,
it burns with considerable splendour.

A remarkable circumstance attends the combustion of
charcoal in oxygen, which is introductory to a fact of
importance. Notwithstanding that the experiment is
made in a glass vessel from which there is no ‘escape,
the charcoal totally disappears. It will also be found
that the oxygen is completely altered in its propemes.
In its original state,”a lighted taper immersed in
it would burn with the utmost brilliancy ; it might
be left in contact with water withou® absorption or
change ; and, if the water were coloured with a ve-
getable blue, its tint would remain unaltered. But,
after the burning of the chfrcoal in it, it manifests
the reverse of all these properties: instead of increasing:
the brilliancy of a burning taper immersed in 'it, the
taper will be instantly extinguished, as would also' the
life of an animal ; if it be left in contact with common ,
water, it will be absorbed, the water acquiring a. sharp
taste, which is now capable of turning vegetable blues to
red. These properties distinguish sufficiently theggas
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which remains after the combustion of charcoal. The
question occurs, what has become of th charcoal and
oxygen? for both have disappeared. A moment’s re-
flection supplies the answer : the charcoal and oxygen
were originally in the glass yessel ; nothing has escaped
from the vessel ; *and, hence, the new- ggs, which fills it®
must consist of the two bodies that disappeared. The
change of properties which ensued, proves that a che-
mical combination has taken place between them: the
charcoal was reduced to®particles so small as to be
invisible ; “these combined with sthe ,oxygen, and a
compound gas was produced, consisting of these two in-
gredients, which, as it possesses the property of red-
dening vegetable blues, is 3‘1’ acid in the gaseous state.
This gas has received a nate indicative of i&s origin ;
from the Latin word carbo (coal), it is called carbonic
acid gas. Under ordinary circum@ances it is invisible,
transparent, colourless, and elastic like the atmosphere.
The beverage called soda water is almost entirely
composed of water holding carbonic acid dissolved. s It
is the presence of this gas in some wines that causes
their sparkling quality, and their effervescence ; it also
constitutes the sprightliness of bottled ales, and pro-.
duces the foam by its entangled efforts to escape. If a
bit of charcoal be kept red-hot for some time jn cae-
bonic acid, will be dimijpished irf, weight, because some
of it has dissolved in the gas; and jt will be found
that the resulting gas®is quite changed in its properties.
Carbonic acid reddens vegetable blues; the new gas
does not affect them: carbonic acid js not inflam-
mable ; the new one is viry much so, and widl burn
with a blue flame. The quantity of charcoal contained
in this new gas is just twice the quantity contained in
carbonic acid ; 100 grains of oxygen uniting with 37 to,
form the acid, and with 74 to form the new gas. !
According to a system of nomenclatire already ex-
plained, the compound of charcoal and oxygen, in which
the gygen exists in such qudntity as to broduce an acid,
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is called carbonic acid gas ; but the other one, in which
the oxygen is* insufficient to produce an acid, is called
carbonic oxide.
A striking proof of the extraordinary differences
of appearance which the sapme body may assume, and
*also of the intrinsic worthlessness of some of those ob-
jects on which society sets the highest value, occurs in
the instance of the substance under consideration. Every
one knows the enormous price at which diamonds of
good quality and size are estimated. The celebrated
Regent digmond_. which was set in the handle of the late
emperor Napoleon’s sword of state, is now valued at
260,000/., although it weighs only about 1} ounce,
and was originally purchased for 20,400/. by Thomas
Pitt, grandfather of the gréat earl of Chatham, while
governor of Madras. Yet this precious ornament is
neither more nor les§ than a piece of charcoal; and, sur-
prising as it may appear to those hitherto unacquainted
with the fact, it is wellproved, by numerous experiments,
that, between the diamond and charcoal there is almost
no difference of composition: the diamond burns in
oxygen with brilliant flame, and, like charcoal, forms
carbonic acid ; fike charcoal, it forms stéel by combin-
ation with iron; and the difference between the two
bedies seems to be chiefly in their state of aggregation,
the diamonds being hafder and grystallised. It is also a
little purer in copposition. The pure portion of charcoal
is distinguished among chemists Yy the nanfe of curbon.
It has been already observed, that, during the heating
of a piece of wood in an iron tube, a large quantity
of gax is given off with fn acidulous water. The
nature of this gas is next to be enquired into. Ifa
burning body be applied to it, as it issues from the iron
tube, it will take fire, and burn with a white voluminous
flame, somewhat like a common gas-light, This pro-
perty distinguishes it from the two inflammable gases
already described — hydrogen and carbonic oxide ; the
former of which®burns wit}f the emission of scarcefgigny
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light, and the flame of the latter beingf bluc. If the
gas from wood be burned in a slender stream passing
from a bladder furnished with a pipe, and if the com-
bustion be performed in a glass globe filled with oxygen
gas, the globe will in a shért time become dull on ﬁo
interior, owing to the condensation ofe®watery vapour,
and this constantly increasing, it will at length trickle
to the bottom, and a quantlty of water will be found
there. The formation of water is a sufficient proof that
hydrogen constituted a portlon of the gas byrned in the
experiment. But the globe, instead of cdntaining oxygen,
as it did originally, is now filled with a gas easily recog-
nisable as carbonic acid by its sharp smell, its capability
of being absorbed by watgr, and its communicating to
the water the peculiar acerbity of that gas. The pro-
duction of carbonic acid proves th3t carbon was present
in the gas obtained from wood, and we cannot detect in
it any other clement than carbon and hydrogen, they
being in a state of chemical conibination, and formmg
a distinct variety of gas. On account of the two ‘cle-
ments which constitute this gas, it has been called car-
bureted hy Jdrogcn,-—a name compnsmg several varieties ;
the differences arise chiefly from the relative proportxon
of the constituent ingredients.
Beside these gases, there are hygdrogen, carbon18 oxure
and carbonic acid, preseat in wootl gas.
In this analysis of wood we obtain, as already observed,
a liquid of a sour taste, capable of reddening vegetable
blues, neutralising alkalies, and, in short, Possessing all
the properties of an acid. ¢ It was once believed to be
different from all others known, and obtained the name
of pyroligneous acid, indicative of its being produced
from wood by fire. It has the taste and smell of tar ;
for common tar is obtained by exposing wood to a
strong but smothered heat, and this is just what happens
to the wood enclosed in an iron tube. A process has
been, contrived for separating the tar frgm the acid, and
thé&®the acid discloses its nature, its smell being no
longer disguised : it proves to be vinegar; it is made
X
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on the large segle from wood, and is an excellent kind
for many purposts oncaccount of its great strength and
purity. When made as strong as possible, it obtains
the name of acetic acid, from the Latin word acetum,
vinggar. :

*We now perccive that the exposure of wood to a
high temperature affords a great nuinber of compounds :
there we two combinations of carbon and oxygen, at
Icast two of carbon and hydregen, and one which, com-
prises the elements of the foriner two. We sce that
pure hydrogen is alsor extricated, and we find that a
little azote existed in the wood ; for it combined with
hydrogen, and formed amnonia, which is found neu-
tralised in the acetic acid. These, with the char-
coal, are the results of the process; and as a general
summing up, we may recapitulate, that fromm wood we
obtain hydrogen, carbuteted hydrogen, bicarbureted hy-
drogen, carbonic oxide, carbonic acid, acetic acid
holding tar, ammonia, and charcoal. By multiplying
experiments on other vegetable structures, we learn that
all of them, however complicated, when made to un-
dergo the oideal of chcat in confined vessels, resolve
themselves, like wood, into the four elements — oxygen,
hydrogen, carbon, and azote ; the latter being in such
smzll quantity as to be barely discoverable. These,
again, by combining arpongst themselves, produce the
compounds above_described ; but the four ingredients
mentioned are what are called the ultimat® elements of
all vegetable matter, notwithstanding its apparent di-
versity.

The sabject selected for elicidating the constitution
of vegetable matter was wood, because it is a fair repre-
sentative of all other vegetable bodies when submitted
to destructive distillation, as exposure of any decompo-
sable matter in close vessels at a high temperature, so
as to collect the products, is called. But it is only
when submitted to destructive distillation that wood gan
be considered as“the representative of other vegef
matter ; and when we look to the ultimate products of
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the distillation, namely, oxygen, hydrogrn, carbon, and
azote.

These are called the witimate elements of vegetables,
because the decomposition has proceeded to the last
stage that is attainable in,their znalysis. But besflle
these, and their immediate combumtmyq. formed during
"the destructive distillation of vegetable matter, there are
other combinations which mturall) exist in the vegetable
structure, and which offer shemsclves to our observation
without being subjecte® to gny complicated process.
"T'hese combinations, being the nea¥est §o thenatural con-
stitution, and the morc immediate objects of sense when
we cxamine any vegetable orpanisation, are called the
provimate principles of vegetables.

It will not be necessaf in this place to d@scnbe the
vegetable proximate prmmples they will come in here-
after : they do not need any intfoductory rewnarks, as
they exist ready-formed, and offer no difliculty to an easy
comprehension of their state of existence in nature.

Having acquired some acquaintance with the evast
variety of form under which the objects constituting
the vegetable world appear, ande the simplicity of
their composition, the next subject of contemplation
is the animated part of creation,— the most inte-
resting and stupcndous of all. How much mere #i-
mirable and surprising aust the, structure of a living
animal appear, when lt is known that jt is composed of
but a few clements suth as have been formerly described,
—-little more than the mecanest vegetable, and fewer
than many minerals.

The materials of which® animals are composetl being
nearly the same as those which compose plants, the
difference is in their relative quantity, and in the mode
of combination. The combustible substance, phosphorus,
has been dctected in small quantity in some vegetables,
as in the onion: but it exists in large quantity in the
bones of animals, — not in the state of phosphorus as
comﬁonly seen, but disguised by cdmbination with
oxygen in the state of an acid, and this acid combined

K 2
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with lime. The bones of animals, then, consist chiefly
of lime and phophori¢ acid: at least these ingredients
compose their carthy basis, as it is called ; but it is im-
pregnated with animal matter that adds greatly to their
strefigth, toughness, and solidity. The other elcment
which exists largely in animal matter is azote : it is also
a constituent'part of several kinds of vegetable matter ;
and it is singular that the same azote which adds so
much to the nutritiousness arxl flavour of animal food,
renders vegetable matter disgudting to the taste, and
poisonous. This will #ppear morc fully when we come
to consider the proximate principles of plants called
vegetable alkalies, which are known to be highly azotated,
and which are all bitter and eleterious. Mushrooms
also contain much azote, as ¥ infer from the circum-
stance which I have often observed, that their juice,
during putrefaction, generates a large quantity of am-
monia ; for this consists of hydrogen and azote. There
cannot be a more deadly poison than some mushrooms.
It is £n illustrative fact, that mushrooms, on account of
containing so much azote, approximate very closely in
flavour to animal fool. During the destructive distil-
lation of animal aud vegetable matter, we find differ-
ences of results corresponding with their difference of
convposition : animal matter gives rise to the production
of ammonia, —- a powerful alkali - and vegetable matter
affords a product of quite an oppositqnature{.-— the pow-
erful acid, vinegar. ‘

The chief substances, then, which enter largely into
the composition of animal matter, are oxygen, hydrogen,
azote, carbon, phosphorus, lime. We also find some
other kinds of matter, as certain acids and metals, but
in quantity so small as not to affect the truth of the
above statement, that the foregoing six ingredients con-
stitute the great bulk of the animal fabric.
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PART IL

ARRANGEMENT AND EXA.MINATIONS OF THE ELEMERTS
OF BODIES.

CHAP. 1.

ELEMENTS, OR SIMPLE SUBSTANCES, AND THEIR IMME-
. DIATE .-COMBINATIONS.

In chemistry, the word element peans what is otherwise
called a simple substance ; — one that is not known to
contain more than one kind of matter. When a sub-
stance is known to contain twd or more different kinds -
of matter, it is called a compound. The metal itbn is a
simple substance ; it is of the same nature throughout,
and no other kind of matter cal be extracted from it:
but rust of iron is a compound, for it may he resolved
into metallic iron, oxygen, and carbonic acid. It is pro-
bable, however, that many of the bodies which chélnists
at present consider simple, may be herlafter discovered
to be compound.  The expression, simple substance, is
not to be understood as conveying any positive affirm-
ation concerning the nature of that sibstance, further
than that it has not begp proved to be a compound.

Secrion I.

OXYGEN.

Oxygen gas is a permanently elastic fluid ; that is, one
which no compressing force or defree of cold hitherto
applied, has ever condensed into a liquid or solid. It is

K 3
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is transparent a1d colourless: 100 cubic inches of it
weigh 339153 grain{; and, as the same bulk of com-
mon air wcighs 30'8115 grains under the same cir-
cumstances, the specific gravity of oxygen must be
1.1%07. . ,

Oxygen gas may be obtained by the following pro-
cess: P’rocure a cast-iron bottle, with a tube of iron
ground air-tight into its mouth. Such are now com-
monly sold by the iron-founders for chemical purposes.
Into this introduce a quantity of black oxide of manga-
nese,—an article sold By most druggists ; fit in the tube,
and bed the bottle in a good coal fire, building small
bits of coal all round, so as to heat th” bottle to a bright
red. Oxygen gas will soon-begin to be extricated
abundantly., In order to collect it let a bottle be filled
to the top with water, and cork it so that the cork
having excluded its own bulk of water, the bottle re-
mains full. Invert the bottle, plunge its neck under
water, and take out thc cork under water; the bottle
will still remain full. The bottle and the vessel of

* This determination is so different from 1111, the specific gravity
adopted by the chemsts of §reat Britan, that 1 think it necessary to
assign my reasons for giving 1t above. According to an experiment which
appears to have been made with every attention to accuracy, by Dr Thom-
son, 100 cubic inches of dry oxygen gas, at a mean pressure and tempera-
ture, weigh 53 9153 grainy —Farst Pronceples,t 65

Acggrding to sir G Shuckbuigh Evelyn, 100 cubie inches of common air
weigh 30 5 gfains  But the estinyite given by Biot is different (T) aité de
Physique, tom 1 145). Biot sayg, that undey a pressure of 07.76, and at
the temperature of melting 1ce, a htre ot dry atmospheric air weighs 1'3
gramme. In another pla-e be gives another determinatigp which scarcely
differs from this: and Thenard (T)auté de Chunre, 1. 954%), without men-
tioning the authority, gives 1 2991 gramme as the result of experiment.
‘We may, therefore, Consider 1.5 gramme as the weight of a hitre of dry arr,
according to these authoritics.

A litre, caleulated from captain Kater's determination of the metre, is
equal to 61 @70 cubic inches. A gramme 1 estumate at 154223 grans;
and, although the estimates of the gramme, and of the equivalent of the
Iitre, differ from what 13 to be found 1n tables, 1 believe them to be correct,
having gone over the calculation scveral times. The equivalent of 0m. 76
is 29-9218 barometrical mnches. The cubic inch of water at 62° has been
found to weigh 252458 grains ; that is, 252 506 grams at 60°. Taking these
estimates as data, and converting the pressure, temperature, and volume of
air given by Biot into English inches and grains, 1 find, that, according to
him, 100 cubic inches of dry atmospheric air weigh 31'123 grains,

Butsir G S. Evelyn and M. Biot are entitled to cqual confidence, and
their experiments were made with great attention to accuracy. Tt is,
therefore, proper that we,_should take a mean of bath : the mean of both
numbers is 30 8115 grains § and this is the weight of 100 cubic inches of air,
If this be admitted, we obtain the specific gravit{ of oxygen by the follow-
ing proportion : ~ 308115 : 339153 ; : 1000 : 1-100735, as in the text. )
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water should be previously so arrangpd that the end
of the iron tube can be plunged uhder the surface of the
water ; or, if the iron tube be not long enough to rcach
the vessel of water, a tin or copper tube may be slipped
on the end of the iron ope, and a piece of wet blafider
tied over the juncture. The gas will jybble up through
the water: the first portions will be common air, con-
tained in the iron bottle and tube expanded by hcat.
When this has been allowed to escape, slip the mouth
of the glass bottle over®the eyl of the tube, so that the
bubbles of gas may enter the b8ttle.s In proportion as
gas enters, water will leave the bottle ; and when it is
filled with gas, pu#in the cork and remove it; or, with-
out putting in the cork, pass a cup into the water, under
the mouth of the bottl® and remove bothy bottle and
cup — the latter remaining filled with water, so as to pre-
vent gas from escaping, or commbn air entering. Other
bottles may then be filled in succession. If cylindrical

3
. d

<3
jars, or bell glasses, are to be filled, they Tnay be treated
in the same manner, being first plunged down into water
s0 as to fill them, and then raised up with tBe mouth
downward, taking care that the mouth always remains
an inch or two under water, s0 as to prevent common
air from entering. The most convenient vessel for
holding water for these purposes is a trough or cistern
made of wood or japanned tin, with a shelf about two
inches under the intended surface of the water, for sup-
porting jars or phials while they are filling with gas.
The shelf is not absolutely necessary. This vessel is
x 4
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called the pngumatic trough, and is useful in all cases
where gases art congerned, unless the gas be absorbable
by water. It will, in procuring oxygen, be advisable
that a little newly slaked lime be dissolved in the
wyter : for this will more certainly absorb any carbonic
tcid that may be derived from impuritiel or adulterations
in the mangarfede, both of which are often found, in that
of commerce. ¢

If a cast-iron bottle canpot be procured, one of the
iron bottles in which mercury.«is imported may have an
iron tube fitted to its muuth. Or, if this method is not
available, the following may he employed : — Let a com-
mon Florence oil flask have its mouth strongly wound
round with cord for an inch downwards, in order that
it may not be burst by tightk- fitting a cork to it. Let
a perforation be made in the cork with a round file, and
a glass tube inserted {nto it. Manganese is to be intro-

" duced into the flask ; sulphuric acid is to pe poured on,
in quantity sufficient to wet it thoroughly; and they are
to he mixed. The cork and tube being pushed in, and
the whole made air-tight, the heat of an Argan¥ lamp,
or the flame of a cup of burning spirit of wine, is to be
applied. In a short time oxygen gas will come over,
the first of which is to be rejected as containing com-
mgn air.

Or Some nitre may be introduced into a gun-barrel,
the touch-hole of which is closed: a piece of common
gas-pipe may be“fitted air-tight by lutin®a wet bladder
to its mouth, the other end terminating in the water
cistern. 'The end of the gun-barrel containing the
nitre should then be heated irf a good coal fire to redness.
Gas comes over, but towards the end of the process
hecomes impure: it contains azote, and should be re-
jected. Or in place of nitre, the mercurial oxide,
sold by druggists under the name of red precipitate,
may be poured into the iron pipe and heated: This
is a more expensive method: to furnish 113 cubic
inches of oxyget:, a troy ounce of red precipitate must
be used. When of ordinary purity, this oxide contains
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no nitric acid, and therefore will not affordfany compound
of azote: if any be feared, the ﬁrst‘bubl} es will contain
it all. Mercury, in its purest state, distils over with
thee oxygen; and it may be of use for thermometers and
barometers, or for experiments. The red precipitage,
heated} dry in the oil fla¥k over a charcoal fire, wil
furnish, oxygen also; but the heat ®htust be barely
sufficient, or it will melt the flask. In this case the
neck must be wound with annealed thin iron wire, not
with cord : the glass fube must fit in without the inter-
vention of cork, and the junctufe,must be rendered air-
tight by cementing it round with a 8oft adhesive sub-
stancg called a lufp. The lute, which answers in this
and almost every other case, is very finely powdered
pipe-clay ; not that whiclf is made into white-balls ar-
tificially, but the rough material as purchase® from the
druggist. This powder should be mixed in a mortar, with
as much bojled linseed oil, otherwise called drying oil,
as will form a mass like putty used by glaziers. It must
be pounded with a heavy pesde for a length of time,
during’ which it will become much too firm ; more oil
should then be added, and the pounding resumed. The
oil must be added and the pounding continued, while the
mass becomes hard in consequence. The lute is now
made, and ought not to be applied in any case without
wiping the parts to be joined ?erfectly dry : hnd the
Jjuncture should be made smooth” and reguiar by rubbing
it over with the finger. When the Tte is intended to
be kept for store, it should be pressed into a pot, and
tied over with a wet double bladder. This kind of
lute, for there are many ®thers, is distinguishe] by the
name of fat lute.

Some of the properties of oxygen gas have already
been noticed ; the remainder will come in under future
heads. When suddenly and violently compressed,
it gives out heat and light. M. de Saissy says, that
none of the gases but those that contain oxygen give
out light; and that itself gives out éhe most. Chlo~
rine, however, is known to emit light. It has been
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stated by Mr.\Hart (Brande’s Journal, xv. 66.), that the
light which sometimes appears at the muzzle of an air-
gun, when it is discharged, arises from attrition of ac-
cidental sand or hard substances adhering to the wadding.
Kie loaded an air-gun with, bits of sugar, quartz, fluor
tspar, &c., and, discharged them: light was produced ;
but not when care was taken to avoid such substances
in the wadding.

. “Secrion II.

HYDROGEN.

Hydrogen gas is a permynently elastic fluid, trans-
parent and colourless. It is exactly sixteen times
lighter than oxygen.: hence, dividing 1-1007 by 16,
we have 0°0088 for the specific gravity of hydrogen* :
100 cubic inches of it, therefore, weigh 2:1197 grains.
It is between fourteen'and fiftecn times lighter than at-
modpheric air.  The following is the process for obtain-
ing it: — .

A glass refort must be procured ; they are sold at
all glass-houses and chemists’ shops, although generally
very ill-formed : the shape is given in the figure. It

.
« A [} .

— >

should be blown without any imperfection in the sub-
stance of the glass, such as tears or stones: it should be
very thin in all parts, but particularly in the bottom ;
for no glass vessel that is not thin will bear sudden heat

* Dr. Thomson (First Prin. i 71), from carefully executed experiments,
gives 0 0694 as 1ts specific gravity : but he took sir G 8 Evelyn’s estimate
of atmospheric air us ghe basis of his calculation. 1f we take the mean of
Evelyn’s and Biot’s estimate (sce page 134 ), then Thomson's experiment
gives 0 0GR8. Berzehus and Dulong found 1t 0'0688.s These coincidences
render it pretty certain that the number given in the text 18 correct.
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without cracking. The retort should be *ubulated, that
is, it must have a mouth at A, &ther fitted with a
«cork or an air-tight ground glass stopper ; the latter
mode is expensive, and seldom necessary. A number
of small iron najls should be introduced through tiie
tubulature one by one, cautiously, to avaid breaking the
glass.. The nails should then to a good deal more than
covered with water, and sulphuric acid about equal to
the weight of the nails sheuld be poured in. Ebul-
lition commences in the “retort, owing to the rapid
formation of gas in the liquid, Just as steam would
appear in water while boiling; and gas is expelled
through the beak or Yong neck of the retort. The end
of the beak should be plunged in water, and some of
the gas allowed to escape, for it is mixed ewith the
common air of the retort. The hygrogen gas may then
be collected in bottles or bell glasses, filled with water
in the manner already directed. When the gas begins
to come over slowly, nearly the same quantity of sul-
phuric acid mnay be added, which will renew the elml-
lition, and gas will continue to be discharged until all
the iron is dissolved. Small picces of zinc may be used
in place of iron nails.

This kind of ebullition is called by chemists effer-
vescence ; the word merely meaps the extricataon Of
any permanently elastic gas in thesform of %ir-bubbles.

Hydrogen gas, as cqmmonly obtained,ehas a disagree-
able smell, soffewbat resembling phosphorus: but it
may be so far purified as to be quite freé*from smell,
by being shaken in a bottle, with a little alcohol holding
potash in solution, or with a very large quanfity of
water. It cannot be breathed for any length of time
without occasioning death: a few cautious inspirations
may be taken, it is said, with no other effect than at-
tenuating the voice for a while. It is, however, a rash
experiment. A frog lives for a long time in it.

- In consequence of the lightness of thig gas, compared
with the atmosphere, it will ascend when at liberty, just
in the same manner as a cork plunged by force to the
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bottom of a(vessel of water would rise to}ihe surface
if left to obey the daw of specific gravity. .

If a pig’s bladder of large size be filled with hydrogen,
its outer coat may be peeled off bit by bit, until the whole
becomes specifically lighter than the air, and then it

* will ascend in the manner of an air-balloon. The al-
lantois which Invests the foetus of the cow, procurable
from any butcher, or the craw of a turkey, will afford
an excellent material for a hydrogen balloon.

If a burnipg taper be plunged into a jar of hydrogen,
the taper will he extinguished ; yet hydrogen gas is very
combustible, although it will not support combustion.
The philosophical candle is a bottle fitted with a cork,
through which passes a slender glass or metallic tube.
The materials for generating hydrogen being intro-
duced, the cork and tube are fixed in air-tight: hy-
drogen gas will be éischarged abundantly. Some should
be allowed to pass off, in order to expel the common
air present; for without this precaution an explo-
sion would happen on kindling the gas. The applica-
tion of a burning body, or an electric” spark, even the
most feeble, will get fire to this jet of hydrogen ; and it
will burn slowly and quietly while the effervescence
continues. The flame shows almost no light, but its
beat is intense. "Let a small thin bladder, squeezed
tlght 5o as ‘o expel {ne common air, be filled two thirds
with hydrogen, and one third with 0Xy] the orifice
being tied, make a pin-hole in ‘the blﬁder, and apply
the hole to.the flame of a candle ; an explosion will take
place as loud as a pistol shot, and the bladder will be
shattered, although the hadd that holds will not be in-
jured. There will also be a vivid flash of light. I
have seen a person incautiously explode a very large ox
bladder filled with these gases, holding it close to his
side while the tube proceeding from it was applied
to a candle : the explosion was equal fo a musket shot,
and he was thrown with violence against a wall which
he stood near} but sustained no injury. It should be
here obseryed, that explosions of this kind, in which
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the noise is considerable, are called by che’nists detona-
tions (from detonare, to thunder). e

The combustion is so violent, that the result of it
cannot be ascertained by making the experiment in this
form. In'a formgr chapter, the product was shown t&
be water. But by burning the philosopical candle in®
a large balloon containing oxygen gas, a combination
between the two gases takes place in the flame, and the
resulting water is instantly djspersed in steam through-
out the balloon, and will c8ndense on its sides if it be
kept cool ; the water will graduall} sricklg down, and will
slowly accumulate in the bottom. The method is al-
together unsatisfactory, and very troublesome. But
every purpose is as well angwered by employing atmo-
spheric air instead of oxyghn, and the followiyg cheap
apparatus may be made by any tin-plate worker.

Let a tin-plate cylinder, A A, be®made, open at the
top and closed at the bottom, except where the small

tin cylinder B, open at both ends, enters it, and is sol-
dered toit. Let another tin cylinder, C, close at the top,
be fixed inside the cylinder A A, and sofdered all round
B, with two slanting pipes, A A, proceeding from the
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top, and openlng into the air in the manner of flues.
Let the cylinder A& A be filled with cold water. It
is manifest, that if the two-mouthed glass vessel K, in
which hydrogen is generating, be placed so that its pipe
shall pass through the cylinder B, and rise into C, the
Jet of gas havmg been prevmus]y set fire to, the steam
of water formed in the flame will condense on the
surface of the inside cylinder C, by the coldness of the
external water in A A, and, will trickle down the sides
of C, and eventually run out®at the pipe D, into the
bottle there placed to weceive it. Within C the oxygen
of the common air is continually withdrawn ; and it
would therefore be filled speedily with azote—the other
constituent of the atmosphere—but for the two slantmg
flues A A, which allow it to pASS off, while cold air from
the bottorn passes in to support the flame. In this
way water, in any required quantity, may be gencrated ;
but if the water in the external cylinder A A becomes
warm, cold water may.be supplied in its place. The
water thus generated is not pure ; besides other im-
puritics, it contains an impregnation of tin, which
renders it a little whitish. To prevent this, the vessel
may be japanned.

The relative quantities of the gases necessary to form
wader js well ascertained : one volume or measure of
“oxygen requiras exactly’two s1mllar volumes or measuregy
of hydrogen ; thyt is, 100 cubic Inches of xygen would
requirc 200 cubic inches of hydrogen *he weight of
100 cubic inches of oxygen is 33:0153 grains ; the
weight of 200 cubic inches of hydrogen is 4:230 ; and
the latter number is one %ighth of the former:
hence, by weight, 1 part of hydrogen requires 8 of
oxygen, and the result is 9 parts of water.

But when 1 part of hydrogen combines with 8 of
oxygen, its affinity for oxygen is not perfectly satisfied ;
on the contrary, it will combine with as much more
oxygen, that is, 16 parts in all ; and then also it forms
a liquid, to appedtance, and under some circumstances,
resembling water, but surprisingly different in all other.
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respects. It cannot cxist at the ordinar;’ temperature

of the air (60°) ; for even at a degrge under this, the

additional 8 parts of oxygen separatc from it by effer-

vescence, and what remains is water. It must, there-

fore, always be prescrved at a very low temperaturce
When dropped o certain mttallic oxides, an explosion®
takes place, accompanied with heat and” HNght, and the

hydrogen loses half of the oxygen with which it had

been combined. This compgund consists of 1 part by

weight of hydrogen, and 6% of oxygen : as no greater

quantity of oxygen is known to cdmbine wuh hydrogen,

the liquid is called perowide of hydrogeh. No known

cold can frecze it. If freely applied to the skin, the

latter is destroyed. It is preparcd by a difficult and

complex process.

Oxygen and hydrogen do not combine by mere mix-
ture ; their elastic statc prevents this: but if subjected
to violcnt compression, or if a taper be applied, they
explode, and water is formed. This mixture of gases,
if heated in : tubc at a degree lower than that at whigh
it explodes, entcrs into combination without any ex-
plosion, and water results.

An intense heat, nearly the most. powerful known,
may be produced by the flame of a stream of hydrogen,
forced from a bladder through a blow-pipe tied to ify
directed on the substance to be heated gnd another
streamn of oxygen blowing®from a stmilar apparatus into
the flame just where itvissues from the blow-pipe.

If an avoirdupois ounce of common roddron be dis-
solved in sulphuric acid diluted with water, the quantity
of hydrogen evolved is 738 c@bic inches: the same weight
of zinc affords but 598 cubic inches.
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Skcrion III.

AZOTE, OR NITROGEN,
. ¢
) Atzote, or nitrégen, is a permanently elastic gas, trans-
parent, colourless, and inodorous. 1Its specific gravity is
0:9748 *; and 100 cubic inches of it weigh 30-0355
grains. *,

A number of processgs have been given in chemical
books for the preparation of azote, but they are tedious
or troublesome, or both. The following is a method
which I have found to succeed : — T'ake a bottle capable
of containing a gallon (277} cubic inches), and fit a
cork accurately to it< throw into it 22 troy drachms of
the salt sold by druggists under the name of green cop-
peras, or sulphate of 1ron, with half a pint of water; then
pour as much water on 4} drachms of roche-lime as will
slake it ; and when sliked, throw it into the dissolved
sulpnate of iron. Cork the bottle perfectly close ; and,
having inverted it, immerse the neck in a vessel of water
to prevent the entrafice of air. 'By agitating this mix-
ture briskly during a few minutes, still keeping the neck
immersed, the whole of the oxygen present in the com-
mbu ak, which the bpttle had 'contained, will be ab-
sorbed ; and, 6n removing the cork under water, a quan-
tity of water wil} rush in, equal to the vohame of oxygen
which had been removed. The air now remaining in
the bottle is li’ure azote ; its volume is 222 cubic inches,
and it may be transferred intg any other vessel by fillin
that velisel with water, inverting it so that the mou£
shall be in water, then getting the mouth of the bottle
under the vessel, and turning the mouth upwards : water
will enter, and azote will rise into the vessel. The
quantity of sulphate of iron and lime here directed, is
Jjust double what would be required by calculation ; but
the process is thys hastened. '

* For 4 azote + 1 ox. = 5 common air : and 5= 1'1007 = 38993, which,
divided by 4, gives 09748,
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If a burning body beimmersed in a jar of azote, it is
extinguished as instantaneously as if plunged into water.
No animal that breathes can live in azote ; and from
this circumstance is derived its name, which signifies
life-depriver. lt4is not combustible: it enters extensive *
into combination : it is an abundant e'gent in anima
matter ; and its existence in such large quantity is-a
chief distinction between the constitution of animal and
vegetable matter. "

It has been already shown that the atmosphere is
composed of oxygen and azofe s in évery 100 cubic
inches of atmospheric air there are 20 of oxygen, and
80 of azote : henceethe oxygen is one fifth of the whole
volume of any measure of commorn air. There is great
difference of opinion as t& whether these twaq gases are
merely mixed together, or whether they are in a state
of chemical combination. Strong Arguments have been
advanced on both sides, and the question remains yet
undecided.. It is now no longes confined to the mere
constitution of the atmosphere, but has extended to°the
constitution of all mixed gases.

Those who support the opinion that the two gases are
chemically combined in the atmosphere, found their
belief upon facts like the following : — The specific gra-
vity of azote is less than that of the atmosphergs; ¢he
specific gravity of oxygen gas is greater. “Now, since a
certain volume of oxygen is heavier thgn an equal vo-
lume of azote, we should expect, that if in the atmo-
sphere they be mercly mixed without the® operation of
affinity, the oxygen would at length subside to the earth,
while the azote would ﬂoat'a.bove it. But we know that
the fact is otherwise ; for air taken from the greatest
elevations to which balloons ascend, affords the same
relative quantities of the two gases. Atmospheric air is
also of the same composition in all parts of the world.
This consideration appears to favour the opinion, that
between the two gases some chemical attraction subsists:
but there are also considerable objections to this view of
the subject.

L



146 ELEMENTS OF CHEMISTRY. PART 11,

It may be objected, that if the oxygen and azoté are
thus combined, some‘of those chemical changes ought to
be observable which indicate combination, and new pro-
perties should be evolved. But none such are discover-
able ; for the specific gravity of common air is the mean
of the specific, gravities of oxygen and azote: and its
chief properties seem to be a mean of the properties of
its component gases.

A view of the subject has been proposed by Dr. Dal-
ton, which is not liable to these difficulties, although not
free from objecti¢ns of another kind. Dr. Dalton con-
ceives that the repulsion which produces the elasticity
of the atmosphere, does not subsist between azote and
oxygen, but between azote and azote, and between oxygen
and oxygea. He conceives thut, with regard to oxygen,
azote offers scarcely any resistance to the indefinite ex-
pansion of that gas ; And that oxygen does not resist the
indefinite expansion of azote. In fact, he supposes that

- each acts as a vacuum <o the other, and that whatever
pressure a particle of oxygen at the earth’s surface sus-
tains, that pressure arises solely from all the particles of
oxygen above and around it, bat none whatever from
those of the azote; and, conversely, that a particle of
azote at the earth’s surface is pressed by all the other
panicks of azote in the atmospherc, but not at all by
the oxygen. * Each gas thus sustaining only its own
weight, it would expand itself, regardless ofy the other ;
both would press upon other bodies, but neither would
subside accotding to its weight. And although, at
very great heights, there mlght be a difference of the
relativé proportions of the oxygen and azote, in conse-
quence of the great total predominance of azotc in the
atmosphere, this could not be observed at such heights
as are within our reach. He conceives that the two gases
are not in any manner chemically combined.

- The most obvious objection to the hypothesis of Dal-
ton is, that werg it admitted, it should follow, that by
eonnecting a glass globe filled with oxygen, and one filled
with azote, by a stop-cock, the heavier gas being under-
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neath, the moment the communication is opened there
should be an instantaneous mixturt. Dr. Dalton made
the following experiment: — A pint phial filled with
carbonic acid, and an ounce phial of common air, wege
connected by ayglass tube, thirty inches long and one
third of an inch bore, so that both phiilg were air-tight
with regard to the external air, and communicated with
each other through the tube. This apparatus stood yer-
tically, the common air phigl being uppermost. In one
hour, the common air phial had acquired no sensible
quantity of carbonic acid gas ; But in three hours, it had
it in great plenty.* Dr. Dalton adduces this experiment,
to prove that the asent of the air in the lower vessel is
not attributable to chemigal affinity, as noie subsists
between the two gases; nd he infers that ét favours
his hypothesis. 1t seems to be as much an evidence
against his hypothesis. 1f each gos®acted as a vacrum to
the other, there ought to be an instantaneous commix-
ture. But, to rcmove this obstacle, he says that the gases
meet with some mechanical obstruction, owing to their
minute division, while passing each other in contrary
dircctions. Is it conctivable, thatesuch an obstruction
could exist to the transmission of two gases through a
tube one third of an inch diameter; and that, for the
space of an hour, there should ngt have passcd emewsthe
smallest quantity of the garbonic acid gas idto « vacuum 2
This experiment seems quite fatal toethe hypothesis.
He has adduced other cxperiments, made with the same
kind of apparatus, but using gases which &re not xnown
to have any direct affinity for each other ; such as car«
bonic acid gas and hydrogen. In ithe mixture® which
took place of these two gases with each other, Dr. Dalton
conceives that affinity ‘cannot be supposed to be con-
cerned, as they are not known to have any affinity. That
conclusion may, however, be questioned. It may be very
true that carbonic acid and hydrogen do not manifest
any affinity for each other in their gaseous state; but
it is quite certain that the three elements concerned ~—

# Manchester Memoirs, Sccond Serics, i. 261.
L 2
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carbon, oxygen, and hydrogen — have, collectively, a
powerful affinity for‘each other, and constitute the basis
of vegetable organised matter. The obstacle to the suc-
cgssful exertion of their affinity, is the elastic form: but a
partially successful exertion may be conseived to operate
so far, that thdsolid elements would be retained at the
limits between calorific repulsion and chemical attraction ;
the latter force being active in a slight degree, but not
sufficiently so to eflfect a combination. As to similar
examples, drawn from other gases which are not known
to possess affinity for ¢ach other, it may be replied, that
we can scarcely view affinity in any other light than as
a general property of matter. Wher bodies do not obey
the tendency of their affinity,, it is because counteracting
agencies arc in mo-c powerfui operation. We have an
example of affinity, the cfficacy of which is partially
resisted, in the caseé of charcoal, which absorbs many
times its own velume of various gases, and gives them
out again by being plaeed in water, or in a vacuum. If
these gases permeate and diffuse themselves in a solid,
for which they do not possess any affinity more than one
kind of matter does.for every other, and without com-
bining, why may not one gas diffuse itself in another
gas to which it has no more than their general affinity,
in' ohivssame manner, without entering into an energetic
combination, and yet without sgparating by difference of
specific gravityd That oxygen is absorbed by charcoal,
by an affinity inoperative so far that it does not produce
carbonic acid, is proved by the fact, that after a long
lapse of time this acid gas is really formed, although not
at first.

Dr. Dalton conceives that his hypothesis receives
support from the facility with which it explains the
various circamstances of the existence of aqueous va-
pour in the atmosphere and other gases, and the
difficulty of accommodating the chemical hypothesis of
its solution in these gases. His arguments are the
following : — Different gases are found to contain the
same quantity of watery vapour, the volumes being alike :
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the density of the gas makes no difference ; for whether
it be rare or otherwise, the quaiRity of vapour is the
same: the same quantity of vapour would be present
in the same space, even if the gas werc entirely removed,
and the space gwere left a Torricellian vacuum. 7.
Dalton suggests, that by supposing thevgpour of wafBr
to exist independently of any attraction to the gas, and
under no other control than its own weight, the phe-
nomena are disembarrasred, of the foregoing difficulties.
But it may be observed, *that it has never been proved
that different gases contain the shme quantity of vapour in
equal volumes : the experiments of Paussure, Clement,
and Desormes, memely prove that different gases impart
the same quantity of W}ter to other substances; but
this may depend on the®power of these substances to
abstract water, and the power of the gases to resist such
abstraction. Ilence, until the fa®ts be better proved,
there is no occasion to seek any explanation of them ;
and, if the a*:ove reasoning be carrect, one of the found-
ations on which the hypothesis rests is removed. ¢The
following considerations seem adverse to 1)r. Dalton’s
opinions, and favourable to the chanical hypothesis : —
If vapour maintains an independent existence in a va-
cuum or in air, being neither attracted nor repelled by
the aérial particles, it follows that rarefymg Or cglggns-
ing the air should makg no diffefence in the quantity of
vapour; as is, 1ndeed affirmed by Dr. Dalton himself to
be the case. But Salissure found his hygrometer to indi-
cate ‘“ dryness in the air which was rarefie®, and humidity
in that which was condensed * ;” and hence he concluded,
that ¢ rarefied air dissolves less vapour than when it is
dense.” + It is even a well known fact, that when the
air in a large receiver of an air-pump is suddenly rare~
fied by a few strokes of the pistons, vapour is actually
seen falling down in mist; and this can scarcely be
attributed to reduction of temperature, for Dr. Cullen
found that a thermometer included in the receiver fell
but two or three degrees. Such was %the effect of the

% Egsais sur 1’ Hygrométrie, Neuchatel, 1783, p. 133. + Ibid. p. 219.
L 3
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heat that disappeared, no matter how great its quantity
might have been. ¢

If air does not dissolve water, or exert any affinity on
it, as is supposed in the hypothesis of Dalton, how
dBes it happen that the evaporation of gvater is greatly
pfomoted by patsing a current of air over its surface ?
If vapour be elevated from water merely by its own
volatility, the passage of air over it should have no
effect ; or if any, it should be,a counteracting one, when-
ever the air is colder than the water, by depriving it of
some of that heaf which'ts the means of clevating it into
vapour. Many other arguments, of the same tendency,
could be adduced, if space permitteds

On the other hand, it must be admitted, that the
affinity of, air for watery vapour cannot be the sole
agency exerted in the solution. The fact that vapour
pervades a Torricellian vacuum, seems to decide this
point. I am inclined to think, that the agency of both
heat and affinity is necessary to the explanation of the
phenomena. The increased solubility of water in air,
in proportion as the latter is warmer, may be explained
by increase of the intensity of affinity ; for heat is known
in many cases to exalt its force.

As to the argument that atmospheric air is equal in
volyzogo the sum of the volumes of the two gases which
compose it, and that it possesses properties merely inter-
mediate betweenghose of its elements, althoggh a certain
change in them ought to result, if chemical combination
had taken plate between them ; it may be replied, that
as the affinity in effective operation is exceedingly weak,
so muoch so as to be overcome by almost any other
affinity, the change of properties should be proportion-
ately trivial. There is an undoubted chemical compound
of the same elements, in which the volume of the ele-
ments does not alter on entering into combination, viz.
deutoxide of azote: and with regard to changes, there
are unquestionably some observable, which are usually
attributed to dilftion, but which may depend partly on
a weak affinity ; and these are at least as striking as the
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changes which take place in mixing spirit of wine with
water, although in this case thereeeems good reason to
suppose that affinity is in operation.

In fine, as we know of no two bodies which we can
affirm do not pgssess any affinity for each other, and %s
there is reason to believe hat this king of attractioneis
as much a gencral property of matter ds gravitation, I
think we are not under the mnecessity of seeking the
explanation of the mixture of gases on a gratuitous
principle, which supposes the caloric that exists in or
surrounds two particles of diflegent lginds of matter in
the gaseous state to obey a law diametrically the reverse
of what we know would act upon them, if they were in
the liquid or solid state.

We have now to consiffer those substanceg which are
composed of azote and oxygen, and in which the ele-
ments are universally admitted to» be chemically com-
bined : there are five such ; two oxides, and three acids.

Protoxice of azote.— It was stated at page 113. that
nitric acid and ammonia, when combined, form a crystal-
line salt, called nitrate of ammonia. Ifa quantity of this
salt be introduced inte a retort, angl heat gradually ap-
plied, the salt will melt, boil up,and discharge a gas, which
is to be collected in the manner described at page 135.
This gas is a compound of azote and oxygen : it yasfor-
merly called nitrous oxide and gqleous oxide of azote, and
was discovered by Dr. I’riestley. It hag a sweetish taste.
Woater absorbs thre? fourths of its volume of it. It is
transparent and colourless. At the pressure of the at-
mosphere it is a gas; but when compressed, by a force
equal to about 50 atmospheres, it is condensed,qand be-
comes an exceedingly volatile liquid, which, however, ex-
pands again with violerice when the pressure is removed.
It consists of 100 measures of oxygen combined with 200
of azote, both condensed into the volume of 200 mea-
sures. Its specific gravity is, therefore, 1-5252; for '
twice the specific gravity of azote, 1:9497, added to the
specific gravity of oxygen, 1:1007, afl divided by 2,
gives 1:5252. Dr. Thomson ascertained by three expe-

L4
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riments, which agreed, that the specific gravity is 15269 ;
a sufficiently striking corfespondence. 100 cubic
inches weigh 46-9931 grains. Combustibles burn
in this gas: a candle burns in it with less brilliancy
than in oxygen, but greater than in common air ; it at
léugth becomes eurrounded with a bluish halo : sulphur,
phosphorus, and charcoal, require to be well kindled be-
fore they are introduced into it, otherwise they do not
burn ; and an iron wire burng in it as it does in oxygen,
but for a shorter time.

The most remarkable ‘property of this gas is its effect
upon animal life when breathed. If an oiled silk bag
containing it, and furnished with a Cubc to hold in the
mouth, be so arranged that a person can draw the gas
into his lyngs, and breathe it*back and forward a few
times, it will produce extraordinary sensations of -a
highly pleasurable knd, accompanied by an increased
vividness of ideas, propensity to muscular exertion, invo-
luntary laughter, and the greatest exhilaration, without
the «subsequent languor and depression that follow
ebriety. Sometimes, however, in peculiar constitutions,
we find the only effeet, in the firscinstance, to be a sens-
ation like the approach of fainting. In one instance, I
saw it produce effects resembling apoplexy ; but no
injyguwas sustained. It is probable that this gas may
yet be found o use in medlcme.

Deutoxide of gzote. — The second compagnd of oxy-
gen and azote was formerly called nitrous gas; but, in
conformity with the principles of nomenclature a]ready
explained, it is at present named deutoxide of azote:
like the former compound, it is a gas. Protoxide of
azote requires 50 measures of oxygen to 100 azote: but
in order to form thig deutoxide, 100 measures of azote
combine with 100 of oxygen, that is, twice the bulk of

, 0Xygen contained in the protoxide : these equal measures
of the two gases unite without condensation, and there-
fore form 200 measures. .

This gas may*be obtained by mixing three parts of

concentrated nitric acid with four of water, both by mea-
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sure, and pouring the mixture on copper wire cut into
bits, and contained in a ghliss retor®, the beak of which
is plunged in water: red fumes and an effervescence
appear in the 1etort; and when the former disappear, the
gas may be collected in bogtles or jars, as already de-
seribed. This gas is very little heavic®, than comm®Bh
air, 100 cubic inches weighing only 31°975. As it is
composed of equal measures of oxygen ‘and azote, with-
-out condensation, it is easy o see that its specific gravity
must be the arithmetical thean.  Oxygen is 1:1007, and
azote is 0'y748 ; the arithinétieal mgan 1-0377; and
this is the specific gravity required.

If alighted cande be immersed in deutoxide of azote,
it is immediately extinguizhed ; it also destroys animal
life. Like the protoxide} it continues the @mbustion
of charcoal and phosphorus, when these bodies are in-
troduced already burning. This Bas has not been li-
quefied by pressure.

Its most remarkable propertyeis its effect on oxygen
gas, whether pure, or as it exists in the atmosplere.
When these two gases are mixed, they instantly assume
a deep red, or orange brown colous. If 100 measures
of oxygen, and 200 of deutoxide of azote, be mixed,
the change of colour takes place, and the whole is sud-
denly condensed to 100. The Eesulting compoaad is
called nitrous acid vapoyr, and ignext to e described.

Nitrous acid.—The above mentioned vapour, when
sufficiently cooled, is condensed into a liquid called ni-
trous acid. In the 200 measures of deuYoxide of azote
employed, there are 100 of oxygen, and 100 of azote : the
100 of oxygen added to the 100 with which tlse deut-
oxide had been mixed in the experiment, give the com-
position of nitrous acid as follows «— 200 measures of
oxygen combined with 100 of azote, that is, four times
the quantity of oxygen contained in the protoxide. The
300 measures condense into 100 of nitrous acid vapour,
or into a liquid, if the temperature be low. This liquid
is very different from what is called nitrSus acid in'com-
merce. The real nitrous acid is very volatile; it boils at
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82°. Its specific gravity is 1451 : it contains no water,
for it may be formed. from gases which are perfectly dry.
It has a powerful affinity for water : water added, changes
its colour to orange, yellow, or green, according to the
fatio ; much water resolves it into deytoxide of azote,
which escapes, ‘nd nitric acid, which will presently be
described.

Hyponitrous acid is so named, from its containing a
quantity of oxygen less than what exists in nitrous acid
last described (w0, under). If {00 measures of oxygen be
mixed with 400, of de tuxide of azote, and the mixture
is then exposed to intense cold, the whole condenses into
a green liquid. fhe volatility is such, that it can only
retain the liquid form at very low temperatures. This is
hyponitrops acid : its compos’.uon is obviods, from what
has been stated above; for as there are 200 measures
of oxygen in the 4C0 of deutoxide employed, and 100
measurcs of oxygen were added, 300 measures of oxy-
gen’ combine with the 200 measures of azote, which
conitituted the remainder of the deutoxide of azote.
This is three times as much oxygen as exists in the prot-
oxide. Hyponitrous acid is decsmposed by water: yet
if sulphuric acid be present, the three bodies enter into
combination, and we obtain a compound, consisting of
hyponitrous acid, sulphuric acid, and water, in the form
of a crystalline solid. *

Nitric acid.— There is but onc more r‘qmbmatmn of
azote with oxygen ; in forming it the azote is saturated,
and does not .nanifest any further affinity for that gas.
It cannot be produced unless water be present, and it is
known to chemists only as cohitaining it. If 100 cubic
inches of oxygen and 1331 of deutoxide of azote be
mixed, water being present, the two gases are completely
condensed, and the resulting compound is called nitrie
acid. Of the 133} cubic inches of deutoxide of azote,
one half (66) consists of oxygen, which, added to the
100 of oxygen, affords 166 ; cubic inches: and the other
half (66;) is“izote. Hence as 06} of azote require
166, by the rule of proportion 100 of azote will require
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250 cubic inches of oxygen ; and this, accordingly, is the
ratio of the twe elements in nitric acid.

Nitric acid, composed of the same elements combined
in the same proportion, may be obtained by exposing a
mixture of nitwe, rendered perfectly pure by repeatell
solutions and crystallisatidns, with ae_equal welght
of the strongest sulphuric acid, to a moderate heat in a
glass retort: the acid will distil over into the neck, and

-

-

trickle down into the glass receiver A, provide.d that the
long neck of the latter be kept cool $y constant sponging
with cold water. This acid contains about one fourth of
its weight & water, derived from the sulphuric acid. If
the nitre had been rendered perfectly pure by repeated
solutions and crystallisations, and the heat was exceed-
ingly moderate, the aciel produced will be almost colour-
less: but if it contained common culinary salt, as that of
commerce always does, the acid will be somewhat yel-
lowish, on account of a little muriatic acid, whigh gu-
lmary salt gives origin to, and v‘hlch deeomposes some
nitric acid. Common nitric acid is orgpge coloured on
this and two other %ccounts. Pure nitric acid cannot
exist without a certain ratio of water “present in it.
Unless the sulphuric acltl be employed in sufficient
quantity to afford that ratid of water, a part of the nitric
acid will be spontaneously decomposed ; the result being
oxygen, deutoxide 'of azote, and nitrous acid, and the
colour will, consequently, be orange. The process recom-
mended by Mitscherlich as affording the best produce,
and occasioning the least waste of acid, trouble, and
fuel, is to distil a mixture of 100 parts of nitre, 96'8
of sulphuric acid, and 40'45 of waté® The result-
ing nitric acid will weigh 135 pounds, and its specific



156 KLEMENTS OF CHEMISTRY. PART II.

gravity will be 1:3. The third rcason for the yellow-
ness of common nitiic acid is, because it is not always
protected from the agency of light; this has the effect
of partially decomposing it, and generating oxygen, which
exhales, and nitrous acid, which impart¢ the colour. To
rtader orange, Cr brown nitric acid colourless, introduce
it into a retort ; apply a long necked receiver as before,
and cxpose it to heat: the brown part will rise in vapour,
and be condensed in the ngck. What remains in the
retort is colourless nitric acid ; the nitrous acid is found
in the receiver. _ "

The specific gravity of the strongest procurable nitric
acid is 1'55, and then it contains exactly one seventh of
its weight of water: that of, commerce is about 1:423,
and contains two fifths of its weight of water. Nitric
acid has very opposite cffects on water, with regard to
the production of héat. 1f diluted with half its weight
of water, heat is evolved: but if the water be in the
state of snow, intense cold is the result. If nitric acid
be poured round the rim of a saucer, on which lies a
quantity of warm, dry charcoal powder, the latter takes
fire, and throws up.copious showers of brilliant sparks :
the acid must be strong and a little warm ; and the char-
coal should be newly made and finely powdered. Ifa
piecccof ignited charcoal be laid on strong nitric acid,
the charcoal béirns with intense yividness. _I have found
that cantharides, perfectly dry and warm, are set on fire,
if thrown on very strong warm nitric acid, contained in
a glass flask. " About a tea-spoonful of nitric acid, con-
tained in a phial and tied to a long stick, will, if poured
on the.same quantity of oil of turpentine, cause it to
burst out into a flame with some force. If poured on
phosphorus, it causes it to burn.

When exposed to 66° below melting ice, it freezes ;
at 248° it boils, if its specific gravity be 1-420: if it
be stronger or a little weaker than this, it boils at a
lower temperature: thus, acid of specific gravity 1'45
and of 1:34 both boil at 240°. Nitric acid absorbs
moisture from the atmosphere, if exposed to it.
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It will now be useful to bring together the chief facts
detailed relating to the combinationsef azote and oxygen.
If atmospheric air be denied a place amongst the real
combinations of these two gases, the five combinations
will stand thus: y— ’

D
Protoxide consists of 100 azote and 50 oxPgen or 2 to 1:*

Deutoxide - - 100 - 100 - 2to 2
Hyponitrous acid 100 - 150 - 2 to 3.
Nitrous acid - 100 - 200 - 2 to 4.
Nitric acid - 100, @ - 250 - 2 to 5.

The numbers in all cases repr&wating qcubic inches or
any other volume.

Secigon 1IV.

CARBON,

It has been already shown that charcoal is the sub-
stance whick remains when wood, or any vegetable sub-
stance is exposed to a red heat in close vesscls. The
best charcoal for chemical purposes is made by covering
a picce of box-wood ina crucible with sand, and expos-
ing it to an intense heat for some time after all flame has
ceased on the surface of the sand. When cool, the char-
coal is to be taken out, and included in well-closeg hot-
tles. If made at a red heat, chgtcoal isw conductor of
electricity, and burns without flame: if made at a heat
below redness, it is™ non-conductor, and blazes a little
in burning. .

When charcoal is set on fire, it burns away, and leaves
behind a small quantity of®ashes, which consist gfjalkali,
earths, salts, and metallic oxides. These are impurities,
and should be considered as quite foreign to the real
matter of charcoal. In the same light we should view a
very small quantity of hydrogen which the best burned
charcoal contains. The real matter of charcoal is what
chemists understand by the word carbon ; and it is this
only which is to be considered as idefftica] with the
diamond (see p. 128.).
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Charcoal recently made, perfectly dry, and still warm,
has the remarkable p.operty of slowly absorbing gases in
very large quantities, — in some cases 90 times its own
volume, —and giving them out again unaltered when
itnmersed in water, especially if boiling.

-It is probabl, a result of this property,[that it acts so
powcrfu]ly as an antiseptic, and removes the taint of
meat that is in progress of putrefaction. The common
mode of using it,showever, for this purposc, is utterly
incffective. The meat to be rccovered should be first
washed extremely well..several times in cold water: it
should then be covered with cold water in large quantity,
and several small pieces of charcoal, red-hot, should be
thrown into the water when'somewhat hot: the boiling
must be cpntmued as long as “.he meat requires it. Per-
haps it is on the same account that charcoal minutely
divided forms a deatifiice so useful in certain cases.
What is sold in boxes can have nothing to recommend
it but its grittiness, if .this be really a recommendation:
to correct fetor, it should be powdered with the utmost
despatch in a very hot metallic mortar, and speedily in-
troduced into a phia}, which should immediately be well
corked, and even scaled. When this powder is used, it
ought to be exposed to the air as short a time as possible.
It is3 common practice to char the inside of water casks,
in order to keep the water sweet, for charcoal , sweetens
putrid water; and to scorch the ends of timber intended
to remain in the ground, to prevent its putrefaction.
The bitterness of particular vegetables is destroyed by
boiling with charcoal, whether'animal or vegetable. Char-
coal aksorbs watery vapour from the atmosphere and
probably does so, and retains it, in the same manner and
according to the same principle that it retains gases.
There are several cases on record of the spontaneous
ignition of charcoal, both dry and moist, the cause of
which has never been ascertained.

The most intense ordinary heats with which we are
acquainted, haVe no effect upon charcoal, except to ren-
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der it harder, denser, and more sonorous* ; that is, if
no other substaqce is allowed to actsalong with the heat :
the heat excited by a powerful galvanic apparatus acts
upon it in such a manner as to render it probable that
the charcoal hag been both fused and volatilised ; buf
the fact scems not clearly edtablished. » -

It possesses the useful property of depriving various
liquids of their colour, and any peculiar or disagreeable
smell which thcy may possess. A long account of ex-
periments on its powers in this respect, by Lowitz, may
be seen in Crell’s Chemical Jowrgal, vol.ii. He recom-
mends vegetable charcoal well burned and finely pow-
dered ; but it has sigce been found that charcoal obtained
from animal substances is far more powerful.

Carbonic acid.—When €harcoal is burned i oxygen,
intense heat and light are produced: if a bit of the bark
of charcoal be fixed to a copper wire, and immersed in
a state of ignition in a vessel of oxygen, it throws out
the most be.utiful and brilliant gcintillations, which fill
the vessel in all parts. During this combustion, sthe
oxygen and carbon combine, and the result is carbonic
acid. There is no change of volumpe during the com-
bustion, except a temporary expansion owing to the
heat ; we may, therefore, calculate the quantity of car-
bon which has combined, by deducting the specifig gra-
vity of carbonic acid from that of® oxygem: —100 cubic
inches of oxygen weigh 83:9153 grajns; 100 cubic
inches of carbonic Rid weigh 46:5973 — (Thomson) :
the difference, 12:682, is, consequently,“the weight of
carbon that combines with*100 cubic inches of oxygen,
and that exists in 100 c¥bic inches of carbonig acid.
Then, as 30-8115, the weight of 100 cubic inches of
common air t, isto 465973, the weight of 100 cubic
inches of carbonic acid, so would the number 1000, or
unity, be to the number 1:5123, which expresses the
specific gravity of carbonic acid.

* Although it never has been volatilised, the term s@bon vapour is used
hy chemists: it will be hereafter explained.
t Sec note, page 134,
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Carbonic acid extinguishes flame: this can be strik-
ingly shown by letting down a burning taper to the
bottom of a glass jar; filling a bottle with ‘carbonic
acid, and pouring it, as if it were water, into the jar:
the flame is immediately cxtinguished- It is cqually
faul to life as#o flame. "Vhe Grotto del Cane, or the
Dog’s Grotto, ‘in Italy, is well known ; it is an artificial
cave, in which there is a constant natural exhalation of
carbonic acid. The following feat is shown to stran-
gers :—a man carries in a dog, and places him on the
floor: the dog, if leftlong enough, dies ; but the man is
not affected ; for the carbonic acid, by its weight, occu-
pies the lowest stratum of about 18 inches’ depth, and the
stratum above is pure air : but that it is poisonous to
man is evinced by the fate od persons who Yincautiously
expose themsclves to the vapours of charcoal burning in
ill-ventilated apartnzents, or who venture into large ves®
sels in which fermentation had been conducted, as in
breweries, distilleries, &c.

¥n order to generate carbonic acid, it is not neces-
sary to burn charcoal in oxygen gas. Common lime-
stone, marble, chalk, &c. arc all compounds of lime
with carbonic acid, and the latter may be detached from
the lime in all cases by pouring on an acid having a
greator affinity for the lime than the carbonic acid has :
a mixture of o of vitfjol and water succeeds ; but mu-
riatic acid is more convenient. Bits of _chalk, or still
better, marble, may be gently let fall into a tubulated re-
tort, and diluttd muriatic acid may be poured in, so as
to half fill the retort: the gas may be collected in the
manner already described, except that water will not be
proper for the pneumatic trough and vessels, as it would
absorb the gas; in this case, mercury must be used
instead of water.

In order to prove that this gas is an acid, the beak ofi
the retort, in which it is generating, may be immersed
in a phial bottle, containing an infusion of blue ¢abbage ;
after a little of “the gas has been absorbed, the infusion
will change gradually to red : or, if we substitute lime
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water for the infusion, the lime and carbonic acid will
unite, and form the original chalkewhich was put into
the retort, and which consists of these two ingredients ;
the chalk thus regenerated floats through the water, an

renders it turbi®.  This is one of the characteristic pro-
perties of carbonic acid; anfl it may thu# be detected=in,
or removed fiom, gascous mixtures in which it exists.

Water absorbs about its own bulk of carbonic acid
spontaneously ; but much more may be forced into it by
using mechanical pressure; as that of a condensing syringe
or a powerful force-pump. The water, Py this treatment,
acquircs the property of effervescing violently when
poured out ; it has @ brisk, agrceable, acerb taste ; and,
although in other respects an acid, is not sour. If a little
soda had been dissolved % the water previoysly to its
impregnation, the resultis the beverage called soda water.
It is carbonic acid which imparts th@effervescing quality
to cider, perry, ales, porter, and sparkling wines ; and
it is the same that renders bread épongy.  This acid gas
is expelled from water containing it, either by boiling or
freczing. By exceedingly powerful pressure the gas is
condenscd into a liquids; but when ghe pressure is sud-
denly removed, it recovers the elastic form with an ex-
plosion. It constitutes about - ', ;th of the weight of
atmospheric air at the surface of the earth ; and is also
found at the greatest eleyation. Jt constRutes an ingre~
dient in many minerals and mineral watgrs.

The diamond, by being intensely heated with a burn-
ing lens in oxygen gas, burns with a bright red light,
and converts the oxygen into pure carbonic acid gas, just
as charcoal does. Carbonic acid gas is, therefore to be
considered as a solution of diamond in oxygen gas, even
when it is prepared by the combustion of mere char~
coal. : :

« Carbonic owide.— When carbon is burned in oxygen,

the oxygen is by no means saturated with carbon, as is

proved by the following experiment:—Takea longearthen

tube, filled with bits of charcoal, and flace it across a

furnace, so that it will be heated red-hot almost through
M
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its whole length. To onc end connect a bladder, half
filled with carbonic a®id ; and, to the other end, a flaccid
bladder, of the same capacity, squeezed quite empty.
When the charcoal is perfectly red-hot, press the car-
bonic acid very slowly through the tubc, so that it shall
pads through the red-hot chrcoal into the empty blad-
der ; and pass it back and forward several times in the
same manner.  All the properties of the carbonic acid
will now be changed : it will be lighter ; it will be com-
bustible, and burn with a blue dame; it will be no longer
acid ; it will not e absorbfiuble by lime water ; and its bulk
will be exactly doubled. The new gas is called carbonic
oxide. Were this experiment made wish every attention to
accuracy, it would be found that 100 cubic inches of car-
bonic acid: weighing 46-5075 grains, arc converted into
200 cubic inches of carbonic oxide, the weight of which
is 502793 grains ;°being an increase of 12-682 grains,
which is the additional quantity of carbon taken up in
the process, and just equal to the quantity of carbon that
existed originally in the caibonic acid. Hence 100
cubic inches of carbonic oxide consist of 12-682 grains
of carbon and 50, cubic inches of oxygen, weigh-
ing 169576 grains; the whole weighing 29 ()‘f()()
grams and the quantity of carbon is double what exists
in carbonic acid, consistently with the law of multlp]e
ratio. As 160 cuble inches . weigh 20- 6936 grains
(common air being 30-8115 grams) its gpecific gravity
must be 0-962.

Carbonic okide easily takes fire; it burns with a
sulphur blue fame, and geferates but very little heat
while burning. The result of the combustion is carbonic
acid; to become which, it is evident, from what has been
already explained, that the carbonic oxide must combine
with half its volume of oxygen, and that the carbonic
acid go formed will condense into the original bulk of
the carbonic oxide.  Although it so readily takes fire,
it extinguishes the flame of burning bodies when they
.are immersed 'th it.

This gas, if inspired, acts as a poison. Sir H. Davy
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““ took three inspirations of it, mixed with about one
fourth of corsmon air : the effect®was a temporary loss
of sensation.” The casc of Mr. Witter has been re-
corded hy himself (Phil. Mag. xliii. 368.): he made
“three or fouY hearty inspirations of the gas, having
first exhausted the lungs®of common®pir as mufl as
possible.  The effects were an inconceivably sudden
deprivation of sense and volition. I fell (he says) su-
pine and motionless on the floor.” This happened in
the laboratory of the 'l{oyal Dublin Socicty, in my
presence.  Immediately aftet édhe ocgurrence, while he
lay on the floor, his breathing was stertorous, his face
purple ; and in thés state he continued for half an hour.
The late Dr. Wade chanced to be present ; he directed
oxygzen to be forced into e lungs: but it did not appear
to me that his recovery was attributable to this.

In order to prepare carbonic oxid®, there is no cecasion
to have recourse to the process given above; the follow-
ing secms {:1e best : — Throw about 20 oauces of whit-
ing into a wide metal pot, placed on a moderate’ fire.
The damp of the whiting will soon begin to exhale ;
and the process of its expulsions will be exceedingly
tedious, unless the Watter be continually stirred with
a pestle, in order that the little masses, constantly
forming, may be broken down., It will be knewn to
be dry, when these passes 1o longe? form, and the
whiting is a disergte light powder. Of this an avoir-
dupois pound should be, returned into the metal pot, with .
a pound of tolerably bright iron filings, and the mixing
over the fire resumed, so t}!at the filings may be perfectly
dried, and the whole well mixed. The reson of
guarding so much against water is, that it would furnish
hydrogen by its decomposition by the iron. The mixture
should next be introduced into a cast-iron bottle, such
as that described at page 134.; the whole of it will
exactly fill a bottle capable of holding 11 pint of wine
gallon measure = 36 cubic inches. The iron tube must
then be fitted into the bottle, and the bottle bedded in
a strong coal fire, urged continually by bellows, if it

M 2
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be in a common grate. All the vessels employed should
be filled with water, ‘Whitened by lime, intorder that any
carbonic acid given over in the process may be absorbed,
qnd thus removed. By calculation, on pure materials
and perfect decomposition, the product +hould be 6609
cublic inches of gurbonic oxide : but it will be a successful
process, if it be 3% cubic feet.  In this process, the iron
robs the carbonic acid (of the whiting, for it is merely
carbonate of lime) of half its oxygen, and thus converts
it into carbonic oxide. The' mixture of the two in-
gredients should he veryiltimate, to avoid the evolution
of unaltered carbonic acid ; the great cxcess of iron
used has the same tendency.  The Ixat used for drying
the whiting should not be so great as to exp sel any
carbonic ac .

Carbonic oxide is not known to be susceptible of being
condensed, by pres$ure, into a liguid. When mixed
with twice its volume of air, the electric spark is capable
of causing it to explode feebly. Red-hot iron or charcoal
is réquired to set fire to it; although hydrogen, which
produces so much more beat in burning, kindles from
iron or charcoal heated so as to be Barely visible— (Davy).
At ared heat, carbonic oxide is dec@mposcd by hydrogen.
It possesses no acid properties, and is not absorbable by
water.

Besides carbohic acid, carbon gnd oxygen form another
acid, called oxa¥ec, which will be hereaften described.

There arc many combinations of carbon with hydrogen,
and much uncertainty prevalls with regard to their
number and nature: they are all designated by the
name /sydrocarbons, or, more properly, hydrocarburets.

Marsh gas, or fire-damp. — The gas which bubbles
from the bottom of stagnant pools, is the same as that
which issues from the fissures of a coal mine: itisa
carburetted hydrogen ; at least nine tenths of its bulk
are 50 ; the other tenth being carbonic acid and common
air. In the former case, it originates from the decompo-
sition of vegetable matter contained in the water, and can=
not be imitated by art. It has a most disagreeable smell,
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which, however, does not depend upon it, but upon foreign
matter ; for, when well washed, it4s nearly inodorous.

This gas is transparent, colourless, and elastic, like
common air. When mixed with twice its volume of
oxygen gas, andt a lighted taper applied, or an electric
spark passed through, an éxplosion talds place with a
loud report, and carbonic acid and water are the re-
sults. 100 cubic inches of the gas require for com-
bustion exactly 200 cubic Jncheq of oxygen ; and, after
the explosion,they are found condensed into 100 cubic
inches of carbonic acid. A% eoxygew is not altered
in bulk by heing converted into cqrbonic acid, it is
evident that 100 cabic inches of the oxygen were con-
sumed in forming carbonic acid ; to do which, 12:682
grains of carbon were required, and this wasthe whole
quantity of carbon present in the original 100 cubic
inches of carburetted hydrogen. We have now only to
discover the quantity of hydrogen which it contained ;
and, as the hydrogen was saturated with and condensed
by the other 100 cubic inches of oxygen, it follows that
therc must have been 200 cubic inches of hydrogen
present, the weight of Which is 4-2894 grains. These,
added to 12-682 grait® of carbon, give us 16-921 grains
as the weight of the original 100 cubic inches of car-
buretted hydrogen. We may the;efore infer, comparing
this with the weight of common air, that the specific
gravity of carbueotted hydrogen is 0-540

Olefiunt gas. — This &as, which is algo called carbua.
retted hydrogen, is similar in appearance to the former:
it has no smell: 100 cublg inches of it weigh 29-6034 ;
hence its specific gravity is 0°9608 : 100 cubic ;nche°
mixed with 300 of oxygen, and a flame applicd, or an
electric spark passed through, will explode violently, and
the bulk of the whole will be reduced to 200,— these
being carbonic acid gas. Hence the original gas con-
sisted of 200 cubic inches of hydrogen ( = 4-2394 grains)
and 25°364 grains of carbon, all condepsed into 100
cubic inches.

Bicarburetted hydrogen was originally called olefiant

u3
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gas, because, by combination with hydrogen, it forms a
liquid which has anvoily appearance. In buining, it
produces a dense, white, and voluminous flame, which
Yuminates strongly. 1t may be copiously gencrated by
hecating a mixture of one measure of alcbhol with three
of cbncontrated,%ulphuuc acid in a retort: an efferves-
cenee takes place; and a gas comes over, which, after
a little has escaped, is received in jars in the usual
way, using water, whitencd by lime, in the pneumatic
trough, that any carbonic or” sulphurous acid may be
absorbed. N !

When this gas is several times passed through an
intcusely heated carthen or metallic ¢ube, it is paitially
decomposed, and it suffers a great diminution of illu-
minating fower. It may bé totally decomposed by a
current of electrical sparks.

Carburetted and hicarburetted hydrogen bear very dif-
ferent relations to the well-being of man: the former,
when a spontaneous production of nature in mines, is one
of tne most terrific instruments of destruction, and a
great obstacle to human industry ; for, by mixing with
a certain quantity of common air, it acquires the pro-
perty of exploding when accidentally kindled ; and
thousands of human lives have fallen sacrifices to its
violence, until the splendid invention of the safety lamp
divested it of it§ terrors, Bicarburetted hydrogen is the
chief, althoughcnot the most abundant,eingredient in
roul gus, now so generally used for illumination: the
other ingredients arc carburetted hydrogen, hydrogen,
and carbonic oxide. Coal gas is made by introducing a
quantity of bituminous coal into a large iron cylinder
called a retort, close at one end, and furnished with a
mouth-piecc at the other, for closing or opening it:
there is also a tube for carrying off the gas and other
products as they form. A quick, strong heat is applied
round the cylinder; and a vast quantity of gas, com-
posed of the four ingredients just mentioned, is thus
extricated, with tar and an ammoniacal liquor, both
of which are condensed by passing through pipes im-
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mersed in cold water. There is a great difference in
the relative pyoportions of the gases in the mixture, as
also in the quantity of tar, according to the quality of
the coal, and the mode of applying the heat. The morg
tar the gas hoMls dissolved, the more dense will be the
flame when the gas is made to burn, aad the moredis-
agreeable will be the smell when it is not burning.
A slow heat gives much tar and little gas, and that
little of a poor quality : a quick heat gives much gas of
good quality, and less thf. Owing to these and other
causes, the 1lluminating power ot coal, gas varies much.
Before it is let through the conducting tubes for public
consumption, it is evell agitated in contact with a mixture
of lime and water, or passed through strata of loosely
strewed hydrate of lime :®it 1s thus deprivedeof much of
its smell, but also of somnec of its illuminating power.
On on average, a chaldron of g®od Newcastle coal,
weighing 25 cwt.*, will afford 12,000 cubic fect of gas,
provided thut the retorts arc naw. After being used a
few months, the product will not exceed 11,000 feét, or
even 10,000. On the whole year, the average may be
about 11,000. The guality of thiggas is such, that half
a cubic foot per holy is equivalent, in burning, to the
Kght of 2 mould candle of six to the pound, during the
same space of time: hence, one pound weight of coal
will afford light equal to such'a candie for 4} hours.
An illuminating gas of this kind is somgtimes presented
ready-formed by nature. A village of Fredonia, in the,
western part of the state of New Yoik is lighted with
this gas as it naturally islues from a rock: the flame is
large, but not quite so brilliant as that of coal g,

Oil gas may be prepared in the following manner: —
A large iron cylinder, containing coke, being heated to
redness, oil is allowed to drop on the coke by small
quantities : the oil is decomposed; and gases, nearly
similar to those obtained from coal, are produced.
But, in a given volume of oil gas, the? is much more

* The chaldron is generally estimated at 27 cwt. Mr. Lowe’s statements
show 1t to be about 25 cwt.
M 4
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inflammable matter than in an equal volume of coal
gas; and hence, intits combustion, a gycater quantity
of light is emitted. It is supposed that oil gas has
bout twice the illuminating power of coal gas. An
imperial gallon of the very best whaldoil will afford
abowt 120 cubie feet of gas but the average product
does not exceed 80 or 90, owing to the bad quality of
the oil commonly employed.  Resin gas is manufactured
in the same manner as oil gas, except that, instead of
decomposing oil in the retorts, they use a liquid pre-
pared by melting commem amber-coloured resin with a
kind of thin oil, which arises during the decomposition
of the resin, and’condenses in the.pipes. This gas
seems to have an illuminating power not much superior to
good coal ggs. Many houses art lighted with it; and it is
at present used for portable gas-lights ; it being found to
lose less by the comldensation of liquid hydrocaibon in
it under the necessary pressure, than oil gas, beside being
much cheaper. o
Superolefiant gas. — Beside carburetted and bicar-
buretted hydrogen, a third gaseous compound is believed
to exist, which is obtained during the decomposition of
oil for producing an illuminating Aas, but which is not
procurable in a separate form. It has been named super*
olefiant gas. One volume requires, for complete com-
bustion, according to 1, Henry, 44 volumes of oxygen
gas, and affords 3 volumes of carbonic acid.w From this
it is easy to calculate its compqsitio‘n. If 3 volumes,
suppose 300 cubic inches, of carbonic acid are formed ;
then 300 cubic inches of*oxygen combined with
(12:68% x 3 =) 38:046 grains of carbon, which was
the whole quantity in the superolefiant gas. There re-
mained 13 volume, that is, 150 cubic inches, of oxygen
to combine with the hydrogen, which, consequently,
must have been twice as much, or 300 cubic inches,
weighing (2:1197 x 8 =) 6-3591 grains, which, when
added to the 38:046 grains of carbon, give 44-405 as
the weight of tie original 100 cubic inches of super-
olefiant gas. The specific gravity of superolefiant gas
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is therefore 1:4412. The existence of this gas, as a
distinct compgund, has been questioned ; it has been
suggested, that it may be a mixture of carburetted hy-
drogen with sorge of the other hydrocarburetted products,
presently to be Yescribed. But superolefiant gas may be *
exposed to a degree of cold, without comdensing iwto a
liquid, which the other hydrocarburets cannot sustain,
and continue in the gaseous state.  This, connected
with the facts already stated, seems to render it very
probable, that supcrolefiah® gas is a distinct compound.
Its name is inappropriate. o .

The two compounds of carbon and hydrogen that
remain to be descwhbed were discovered by Dr. Fara-
day, with some others which present less distinct
results, in the oil gas whfch had been compwessed into
the recipients of Gordon’s portable gas-lights. Com-
pression of common oil gas to 30watmosphere scaused
the deposition of a fluid, the specific gravity of which
was but 0-8:21. Dr. Faraday found this to be a mixture
of various bodies, scparable from each other by their
difference of volatility. By a complicated process, he
obtained a bicarburet and a carburef of hydrogen. Bi-
carburet at common tt\lperatures is a transparent, colour-
less liquid, having a mixed odour of oil gas and almonds:
its specific gravity is0-850: it cry§ta.]lises, but the crystals
fuse at 42°: at 0° it is white, tragnsparemll, and as hard as
loaf sugar: it boils at 185°; burns with a byight flame, and
much smoke : its vapoyr mixed with oxygen detonates
powerfully. The other compound, whicll for the present
may be called Faraday’s cdrburet of hydrogen, is a liquid
at 0°: it boils and evaptn'atcs at a temperaturg below
32°; the vapour may be recondensed by cold; it is
therefore not a permanent gas. Its specific gravity, when
kept liquid at 54° by pressure is 0-G27: itis, therefore,
the lightest body in nature. Its vapour burns readily,
and with a brilliant flame.

One hundred cubic inches of the vapour of Faraday’s
bicarburet of hydrogen require 750 cubi¢ inches of oxy-
gen for their combustion, and the result is 600 of car-
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bonic acid, and the due product of water. The caiburet
of hydrogen 1equir GOO of oxygen, and the resulting
carbonie acid is 400 cubic inches. In the manncr already
shown, we may hence calculate the constitution of hoth,

nd the specific gravities of their vapdur. Faraday’s
bicaghuret muse censist of GO0 cubic nches of carbon
vapour, and 500 of hydrogen condensed into 100 cubic
inches ; but the carbuiet is compesed of 400 cubie 1nches
of carbon vapour, and an equal volume of hydrogen con-
densed into 100 cubic inches! *

Amongst the pames ,of these five compounds there
eXists lm-ch confusicn ; and the neccsmy of yeform in
the existiog nomenclature of the seicnee is no where
more conspicuous. The source of the perplexity in this
case arisesg frem a circumstdice in the constitution of
matter which has but lately come under the cognizance
of chemists, and foe which no provision was made by
the fiamers of the nomenclatme at present in use when
their system was oiigiwally promulgated. It was for-
merdy supposed, that when the ingredients of two com-
pounds and their relative quantities are the same, the
compounds themselvgs are the same. This view is now
found to be incorrect. The elemephs aud their ratio may
be identical, yet the resulting compounis may be totally
diffarent in thelr propemes. Of the truth of this posi-
tion, peihaps, n¢ better proof need be adduced than some
of the hydrocagburets at present under, consideration ;
although the relation of phosph?nc and pyropl}.mphonc
acids, that of afetic and succinic acids, and of "the two
kmds of tartaric and stannic deids, to each other, might
be addyced. We have a gas which contains 200 volumes
of caibon vapour, and 200 of hydrogen condensed into
100 ; another which contains 300 volumes of each con-
densed into 100 ; and a third, which, in 100 volumes,
contains no less than 400 volumes of each.

In these cases the ratio of the ingredients, which is
the circumstgnce that determines the prefix of a name,
cannot be madethe basis of a distinctive appellation, it
being the same in all. They should, so far as the prefixes
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in usc ate concerned, have the same name, because they
are varietics 0% the same thing. Iow, then, aie they to
be distinguished ? In the class of subsiances alluded to
above, such as phosphoric, stannic, and tartaric acids,
. > . L4
Berzelius prefixes the Greek preposition mapa, to the coru-
pound less casily obtained  thus parapfosphoric, para-
stannic, paratartaric acids. But these prefixes do not
scem to apply to the cases under consideratioft. As some
distinction must be madc,'l shall here adopt one that is
L . . g
not founded upon any consideration of the number of
atoms which constitute an inteysant pasticle— for on this
subject all our information is uncertajn ; but on the fact
that the three varieties of carburet of hydrogen differ in
the condensation of their constitucut volumes. The first
(200 volumes + 200 — 100) shallbe simply cal®cd carburet
of hiydrogen ; the second, being composed of 14 times the
volume of the former (500 + 300 =100), will be sescu~
plocarburet of hydrogen ; and the third, containing intrin~
sically double the volume of the #irst (4004 400=1 .(JO),
will be duplocarburet.*

It remains to decide on the names of the other two
compounds. The okl‘mar.sh gus censists, as will be ex-
plained hereafter, of' §wo atoms of hydrogen combined
with one atom of carbon: it may therefoie be called
bihydruret of carbon. On the othgr hangd, the compound
discovered by Dr. Faraday consists of two atoms of carbon

" °

* The words sr.vruph}m and duplum, as cvery one knows, are derived from
plica, a fold, compounded with® sesque and duo : hegee, in the presente
stances, they form adequate prefixcs  Sescuplocaiburet means * one and
a half.told cnburet,” which yust applies to the condensation at 14 volume of
the simple carburet 1t to one voluge of the sescuplocarburct  Duplocarbu- -
ret, meaning ** two-fold carburet,”™ exactly designates the two-folld condens-
ation of the carburet mto this gas  Sescuplo answers better than®esquiplo,
as chemsts aheady use sesque, but for a different purpose.

The pretix bis or d:s is usetul lor expressing the repetition of the atom
of matter that s indicated by the part of the name to which the prefix s
attached: but T think the effect ot the pretix so attached should not ex-
tend to the matter represented by the other part of the name  For -
stance, the name disculphate of « lumma, at present given to the com.
pound of 1 atom of sulphuric acid and 2 atoms of alununa, might seem to
convey that 2 atome of sulphuric acid are combined with the base. By
inverting the order of the generic and specific members of the name, the
Greek or Latin numerical adverb may be prefixed Mv._hnh'. fear of miscon

ception. Inthis way I have used the names bibydruret of carbon and bi.
carburet of hydrogen, — terims generally acknowletged. .
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combined with one of hydrogen: he called it bicaiburet
of hydrogen, — a nafne sufficiently expres#ive, and analo-
gous with the former.

e. We have, therefore, certain evidence of the three fol-

*lowing distinct hydrocarburets: 1st, bihydruret of car-
bon¢' 2d, carbuiet ot hydrogen, of which there aie three
varietics ; 3d, bicarburet of hydrogen. With regard to
the secona' compound and its varieties there can be no
confusion, for two of themn are (istinguished by prefixes
peculiar to them ; and when the name carburet of hy-
drogen is used without a firefix, it means that one which
is unity with regard to the others in point of condens-
ation. In the carburet of hydrogen'there is no predo-
minance of cither ingredient ; they exist atom to atom,
as will be txplained hereafter ; and this condition seems
best expressed by a name without a prefix.

Tabiz of the chief Compounds of Carbon and Hydrogen.

Conwist of
A

~ S | Wench . § (.m;m £
| 8 eicht peaific | wight of
I grans neubic ln-h:s‘ of 100 ca-|eravily of | carbon,

100 cubic mches of] . Yue mches[the gas or [ com? med
. n grains | vapoul. | wth 100

Carbon. | Hyar. [Carbon| TTyinS irsofhyd.

vapour.| gas.

12682 | 42309 100 | op0 169214 | 05892 |29 9146

of carbon

L. Bihydruret }
(marsh gas)

a an
2. Carburet of
]"-’-yd 1 {ole- 2| 25°54 [ 4239 | 200 ( 200 [ 296034 | 0:960%| 59.8293
fiant gas) -
Sescuplo- 3
.ff.f;:mff} 38046 | 6359 | 300 ¥ 500 |44 4051 | 14412 | 528293
Dﬁan Wis) .
El'n’::fl’sr'.} 50728 | 8479 | 400 | 400 | 502063 | 19216 | 598293
3. Bicarburet
ofhydrngen} 76092 | 65359 | 600 | 300 | 824511 | 26759 |1196587
(vapour) -

It might appear to the student, that, as the three
varieties of carburet of hydrogen differ only in density,
it would be possible to bring them all to the same con-
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stitution by mechanical rarcfaction or compression. But
this is not so; for they would ruturn to their former
volumd on the rewnoval of the restraint.

The componnds of carbon and hydrogen correspond
with the law of) multiple combination already explained >
in the chapter on affinity : *the last column of the table
shows the serics of numbers representing the quantity of
carbon which a certain quantity of hydrogex~combines
with. 'This scries, when reduced to its lowest terins, is
1,2, 4. There are otlet hydrccarburets known, of
which the chicf are naphtha suyd naphthaline, both ob-
tained from coal tar by distillation: the former is a
transparent, colousdess, volatile liuid ; the latter is a
transparent, colourless, volatile solid, which assumes the
form of crystalline plates.® °

Cyanogen.— When chaicoal and ammonia are heated
in contact, a compound is produced of very singular
propettics. Ammonia is composed of hydrogen and
azote: the compounds of charcosl with hydregen possess
no such properties as those noticed by Scheele; cofise-
quently, they must be attributed to the formation of a
combination of charcoal with azote, When a combin-
ation is effected betwddp azote and carbon, no matter by
what means, a gas is produced which resembles common
air, so far as elasticity and transparency are concerned,
although by mechanical pressuge it i$* condensed into
aliqnid. 100 cubic inches of this gas gveigh 55-3996
grains, hence its specific gravity is 1:798. Water
absorbs about 4} times its bulk of %Nt. It kindles
at the flame of a candlé, and burns with a beautiful
bluish purple light. 'When 100 cubic inches aze ox-
ploded by an clectric spark, along with 200 cubic
inches of oxygen, the result is 200 inches of carbonie
acid, and 100 of azote. Hence this gas consists of 100
cubic inches, that is, its own bulk of azote, holding twice
12-682 grains of carbon dissolved, or 100 cubic inches
of azote combined with 200 of carbon vapour: but it
contains no hydrogen, as appears from the fact of its
not producing a particle of water when burnt with oxy-
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"gen. The methéd of preparing this gas will be prescntly
given. A »

The hrilliant pigment, called Prussian blue, owes its
ccolour, as will be shown hereafter, to thez. presence of the
* gas under consideration. On account of its property of

geneating this blue colour,*this gas has been called ey-
anogen.

ilydracyanie acid.—Cyanogen gas has the property of

combining with both hydrogen and oxygen, and forming
acids. If we combire cqual‘voiumes of eyanogen and
hydrogen, two vglumes will result of 2 compound which
reddens vegetable bluces, and possesses the other proper-
ties of an acid. “This acid is stillin the state of gas ;
but it is readily absorbable by water or alcohol. Being
composed oof hydrogen and dyanogen, it has obtained a
name indicative of its origin, and is called hydrocyanic
acid: it has been for some time used as a medicine: it
is capable of acting as an immediate and virulent poison,
whether it be breathed in the gaseous form, or swal-
lowtd, or rubbed to the body in its liquid form, that is,
condensed by cold or in water. It was formerly called
Prussic acid, from heing an ingredient in Prussian blue.
It' may be prepared by bojng a mixture of 6
ounces of Prussian blue in powder, with 5 ounces of
red precipitate (i.e. peroxide of mercury), and 40
ounces of water; for half an hour, then straining through
paper, and boiling away some of the_water in a glass
<Yessel.  On cooling, the liquor will deposity crystals
which are a compound of cyanogen gas and mercury,
called cyanuret * of mercury. From this salt we may
prepage either cyanogen gasor hydrocyanic acid. 1f,
after being perfectly dried, it be distilled in a retort by
heat, cyanogen gas will come over, which is to be col-
lected in a pneumatic trough filled with mercury, as it
'is absorbed by less than one quarter its volume of water.
Or if the salt be distilled in a retort with seven eighths
of its weight of muriatic acid, specific gravity 1-16, we
obtain hydrocyanic acid in vapour, which may be con-

* Cyanurcts are otherwise called cyanides, or cyanodides.
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densed by cooling the receiver with snow. This liquid
contains a littlp muiatic acid and fater, both of which
can be removed by a second distillation fiom well-dried
chalk. -

Liquid hydroeyanic acid has a most agreeable smell,
which is easily reeognised M certain flov®ers — the qvall-
flower, for instance — and in the blossoms of varipus trees,
as the peach tree and hawthorn : this acid scoffs, indeed,
to be their odmiferous prineiple. It is found in various
kernels, as those of the aplicot, cher y, and almond ; in
the last, in such quantity aseta have pccasioned death.
It exists in the leaves of the common laurel so largely,
that a water distiled from them is alinost an inctant-
aneous poison. This fact was discovered in 1728, at
Dublin, where several peisons who had ussd it as a
cordial, mixed with spirituous liquors, were poisoned ;
and investigations were undertaket by Drs. Madden,
Mortimer, and Rutty, to prove its virulence. ‘I'aken
in very small doscs, hydrocy.nicecid retards the velocity
of the circulaticn.

Liquid hydrocyanie acid, which contains no water, is
exceedingly volatile ; i# boils at 80%, it freezes at 5°; if
allowed to evaporate %lQntaneouqu, it produces such cold
as to freeze itself. By keeping, it in a very short time
suffers spontancous decomponuoq and spoils, ehp(‘(‘ld“y
if it contain muriatic agid : theemore concentrated it is,
the more speedily it suffers. When pure, its spec1ﬁc
gravity at 64° is 0:697, If much dilyted with watgy,
and secluded from the action of light, it may be pre-
served unaltered for a gre%t length of time. 1Its vapour,
is inflammable. ) :

Cyanic acid. —When cyanogen is combined with
oxygen instead of hydrogen, cyanic acid is obtained.
. It is composed of 100 parts of cyanogen combined with,

304769 of oxygen ; hence, 100 parts of cyanic acid con-
* gist of carbon 853, oxygen 23-53, and azote 41-17.%
By the process which affords it, it is obtained in a state

* Centesimal ratios greatly facilitate calculation: hence I retain them,
,'ll.hough they are going out ot use.
Sy



Te

176 ELEMENTS OF CHEMISTRY.‘ PART II.

of dilution with water ; and if kept in this state l()r a
few hours, it is décomposed, as well as some of the
water: the hydiogen of the Jatter and the azote of the

fonner combine and produce ammonia ;yand the carbon

combines with the oxygen of both the “acid and water,
fortsing carbonic acid, whith enters into combination
with the ammonia.  If the compound of ths acid with
potash b boiled with water, a decomposition  takes
place, and a compound of carbonic acid and petah re-
sults, ammonia being extuedted.  The taste of eyanie
acid is sour ; 1t veddens vegetable blues ; its smell some-
what resembles that of acetie acid.

Fulmanie aeid. —'There is anothsr compound of - ZLy-
illl()' i, of an ac l(l n'ltuw w hl(‘h enters \t‘l‘y (\((‘nbl‘(‘ly
into (omb?.x.ntwu with bases; and most of the compounds
which result have the vemarkable property of producing
a leud explosion, atcompanied by the cmission of heat
aud light, when they ae heaed, 1ubbed, or struck. The
loudness of the noise hus obtained for the acid the name
of fulmnie acid. According to Gay-Lussac and Liebeg,
the fulminic and cyanic acids consist of the same cle-
wents, and in the same ratio, although the properties
of the two acids aie totally difflent. Were thus well
founded, it would afford another instance of the tiuth
of the statement, that identity of clements and relative
quanmy does not constitute 1dentity of constitution. But
accoraing to professor Davy, of the Royal Dublin Society,
who has beeu the most extensive enquirer into ghis sub-
ject, fulminic acid differs from cyanic not only in the

Aratw of its elements, but in containing an additional

elémer.t—— hydrogen. .

The substance from which this singular acid is pre-
pared is the powder called Howard's fulminating mer-
cury. To obtain the latter, dissolve 100 grains of
mercury in a measured ounce and a half of nitric geid
(specific gravity 1-3) by heat. Pour the solution, when
cold, on 2 ounces’ measure of alcohol (specific gravity
(0 840) in & glass vessel, and apply a moderate heat till
an effervescence be excited. A powder gradually prey
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cipitates, which is to be immediately collected on a filter,
well washed with distilled water, %nd dried at a heat
not excceding that of boiling water. These are Mr.
Howard's direftions : the product he obtained, varieds
from 120 to 132 giains. [t is not necessary to observe
the above specific gravitics very exactly : I suceded
with acid of 1+4, and alcohol of 0-810; and my product
weighed 113 grains. 1t is by no means # perishable
compound : I have a specimen prepared about twelve
years since, which is now as violent as ever. When a
grain weight of fulminating® mercury-is struck on an
anvil with a small hammer, a sharp, sjunning detonation
is produced, accorspanied by a flash; a little whitish
smoke is extensively diffuged, which occasions sncezing.
A drop of sulphuric acid let fall on the poWder causcs
it to burn off in a blaze, without explosion. It is a
curious fact, that this blaze does ndt burn gunpowder.
Fulminating mercury is composed of fulminic acid
united to red oxide of mercury. The acid may, be
transferred to o-her bases by double decomposition. Tts
compounds all possess the property of fulminating when
rubbed or smartly stgutk. Fulminating silver may be
prepared by the same @rocess as fulminating mercury ;
it is a highly dangerous substance, and has been the cause
of loss of life, and of many acgidentg, Fulminating
gold was formerly in usg as a medicine.

Cyenuric acid. — Besides these combinations of cya-
nogen, there is anotheg, which contains double the
quantity of oxygen that gxists in cyanic acid. It also
contains hydrogen. Itis galled cyanuric acid, —a nage
peculiarly unfortunate, as its salts must be called ann~
rates, which, in: utterance, is not easily distinguishable
from cyanurets. Cyanuric acid is a crystallisable sub-
stance. 100 parts of it consist of cyanogen 60-465,
oxygen 37-209, and hydrogen 2-326.

-4 vFerrocyanic acid. — Cyanogen enters into combin-
ation with both hydrogen and metallic iron, and forms an
acid, hence named ferrocyanic or hydroferrocyanic acid.
In this compound, 7222 grains of cyanogen, 25:93 of
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iron, and 185 of hydrogen, are combinéd to form 100.
It is of a pale yellow colour ; is less perishable than hy-
drocyanic acid ; but exposure to light or heat decomposes
it into hydrocyanic acid and a white pre ipitate, which,

“when it absorbs oxygen from the air, becomes Prussian
blue. It reddens vegetable! blues, and expels the car-
bonic and acetic acids from carbonates and acetates. Re-
agents or tuits do not discover the presence of iron in
this acid, because it is not oxidated ; but when some of
its combinations arc heated strangly, its iron is oxidated,
and oxide of iron is evolved. Prussian blue consists of
this acid, combined with peroxide of iron ; at lcast, this
is the nature of its colouring matter ; and it is diluted,
and rendered a colour of body by means of an admixture
of alumina. "

There are three opinions concerning the manner in
which the elementy of this acid are combined. Scme
consider the cyanogen, iron, and hydrogen, as combined
together, without being coupled in any manner with
reference to cach other : some conceive that an acidifi-
able base, consisting of cyanogen and iron, is acidified
by hydrogen ; an opinion whick docs not differ much
from the former: others suppose that the cyanogen and
iron, combined as a cyanuret, are dissolved in hydrocy-
anic acid. An experiment was made by Mr. Porrett,
from which inferences.may be drawn that seem cal-
culated to csteblish the first or second opinion. By
Racing ferrocygnate of soda in the galvanic cigeuit, the
soda passed to the negative pole, and the elements of

ferrocyanic acid passed to the positive. These elements
aré iz.n, hydrogen, and cyanogen. Had the iron been
in the state of oxide, as it was formerly supposed to be,
it would have been found at the negative side, as hap-
pens with metallic oxides. But it may be objected, that
being in the metallic state, it should have been foynd
there equally ; and this would certainly have been the
case, were it not that it was held united to the other
elements by an affinity so powerful that the galvanic
order of arrangement was subverted. The same subver-
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sion of the ga1vanic' order is observable in the case of
metallic oxidgs, earths, and alkali%. All these contain
oxygen, which, when separate, collects at the positive
pole ; but whn combined with a metal, goes along withe
the latter to the negative pole, because of the powerful
affinity which antagonise$ its natural %endency.® The
question now occurs, what were the other elgments of
the hydrocyanic acid which held the iron Wy so forcible
an affinity ? Those who maintain the opinion that this
acid consists of cyanufét of iron, merely dissolved in
hydrocyanic acid, would answar, that the iron and-cya-
nogen thus powerfully attracted each other ; and that the
fact so far corresponds with their view, as the cyanogen
would naturally pass®tq the positive pole. It must,
however, he recollected, that the validity of %his answer
is negatived by the passage of hydrogen to the positive
pole, contrarily to its natural tend@ncy ; and the posi-
tion is not tenable that it was carried over by the aflinity
of cyanogen — for so weak is that affinity known tg be,
that cyanogen and hydrogen will not subsist in com-
bination sometimes for more than a few hours. The
conclusion seems ingwitable, that ferrocyanic acid does
not consist of cyanyret of iron dissolved in hydro-
cyanic acid ; but that 1t consists of iron, carbon, azote,
and hydrogen (not adverting to ywhether the three first
constitute a base acidified by she last}, all held by an
affinity capable of resisting the decompesing emergy of
galvanism. Hence thg greater permaggnce of this agid
than that of hydrocyanic acid; yet by the agency of
water and light it i§ at lgngth decomposed. 1t is true,,
that in Mr. Porrett’s experiment some hydrocyam'ﬁc'ﬁ‘
was volatilised, and some Prussian blue was formed ;
but this was because the iron, on arriving at the pla-
tinum wire of the positive pole, was oxidated by the
water in the same manner as the wire would have Leen
‘were it ifon, or as the platinum itself would have been
had it been in nitric acid, and the galvanic battery
very powerful. But for the interposition of the galvanie
agency on the iron, there would probably have been no
N 2
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decomposition. The oxide of iron joired the remain-’
ing ferrocyanic acid.” .
The quantities of carbon and azote in ferrocyanic
=acid are in the ratio necessary to the folination of cy-
anogen ; the hydrogen is only in such quantity as to
convist two-thirds of the dyanogen into hydrocyanic
acid ; the remaining third of cyanogen is sufficient to
convert theséron into cyanuret. I'he object of these ob-
servations will appear, when we come to consider the
combination of hydrogen acids with bases.

That a metal should constitute an element in a base
which, with hydrogen, forms an acid, will be the
less surprising, when it is comsidercd, that the metal
tellurium, by itself, is actually an acidifiable base with
regard to Kydrogen.

Secrion V.

.

CHLORINE.

Chlorine, as already stated, is a gas of a greenish
colour. 1t may be prepared ‘y mixing common
sea salt with three quarters its”'weight of black oxide
of manganese, introducing them into a retort, and
pouring on sulpbaric acid equal to the weight of the salt,
and diluted with its own weight of water. The acid
mixture should be added at two or three diffeggnt times,
the gas produced by the first quantity being collected
before the second acid is poured on': this precaution is

~or-guard.against too violent an effervescence ; and on the
same account no heat should be applicd until the effer-
vescence becomes very moderate. After the common
air has been expelled, the gas may be collected in bottles
filled with water, and inverted in as little water as will
answer the purpose, in order to prevent waste by ab-
sorption. The bottles, or pneumatic trough, must not
be filled with mercury, as this metal is powerfully acted
upon by chlorine.

i .
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Chlorine, if ‘i)reathed undiluted, is fatal to animal
life, but doesy not cxtinguish combustion. A candle
burns in it wits ared flame. It possesses the remarkable
property of seMing fire to many of the metals, even at #®
the common temperature of the air, when introduced
into it, beaten out into thin leaves or reduced to fiffngs;
such are copper, tin, arsenic, zinc, and awrtimony.
Phosphorus, when introduced into it, burns®with a pale
white light. Mercury abgorbs it rapidly. Water ab-
sorbs twice its bulk of it: the solution is called chlorine
water ; and if this be expofed to light, some water is
decomposed, its oxygen is liberated, gnd the hydrogen
combines with the ehlogine, forming muriatic acid. As
the combinations of megals with oxygen are called
oxides, so the combinations of metals with cBlorine are
called ehlorides.

Chlorine has the property of destfoying all vegetable
colours. If a vegetable blue, for instance, be exposed
to its action, the colour is not alt®red to red, as it wopld
be by an acid, -nor to green, as it would be by an al-
kali, — but it is totally destroyed ; and the medium, in
the substance of whidh °the blue was contained, appears
colourless, at least so fagas the vegetable was concerned.
On this account, chlorine has been introduced as a
powerful agent in the art of heaching; for if un-
bleached linens be progerly exposed to its action, the
matter which gives them their gray colout is destroyed,
and the linen assumes éhe whiteness which is natural
to its fibre.  Flax is naturally white, and owes the
gray colour which it assymes solely to the Prt;c?e?,
through which it is put to separate its fibres — #&Im-
mersion in bog streams, and other such injurious treat-
ment. The chlorine, however, if applied in its pure
state, and not sufficiently diluted, or otherwise cor-
rected, invariably destroys the strength and texture of
the linen ; and, therefore, it is a dangerous agent in the
hands of the inexperienced.

The specific gravity of chlorine gas, when quite free
from watery vapour, is, ascording to Thomson, 2:5:

N 3
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100 cubic inches of it, therefore, weigh ¥7:0287 grains
‘When perfectly dry, it remains a gas at the temperature
of — 40°; by means of mechanical pressure, it may be
«condensed into a yellow liquor; in which state it remains
only while the pressure continues. When saturated
with watery vapour, or dissoived in water, and exposed
to a cold.of 32°, it forms into crystals, which consist of
723 of wattr combined with 27-7 of dry chlorine. This
compound is called Aydrate of chlorine.

Chlorine has an affinity for oxygen, and they com-
bine in no less than fow proportions: two of them
contain so much oxygen as to form acids ; and the other
two, as they do not manifest any acid properties, are to
be considered as oxides. Oyygen and chlorine, not-
withstandihg their affinity, do not combine when pre-
sented to each other; but they may be detached in
combination from * certain compounds which contain
them.

Protoxide of chlorine. — When 100 parts of chlorine
combine with 22:219 of oxygen, a gas is produced,
which, as it is the combination containing the least
oxygen, is called pretoxide of chlowne. It has a smell
resembling burnt sugar. It wps discovercd by sir H.
Davy ; and was named by him euchlorine, in consequence
of its very greep coleur. Under strong pressure, this
gas is condensed into «a liquid, When warmed in a
glass tibe, even with the heat of the hand, it explodes,
ard expands ingo a greater bolk, the increase Being 1th
of the whole; a flash of light is at the same time pro-
duced ; and the tube is now found to contain a mixture
0 ygén and chlorine, no longer in combination.
Combustibles first decompose euchlorine, and then burn.
It reddens vegetable blues, and then destroys the colour
totally.

Peroxide of chlorine. —When 100 parts of chlerine
are combined with four times the quantity of oxygen
which enters into the protoxide, that is, with 88-876 of
oxygen, the compound :formed is the peroxide. It, as
well as the protoxide, may be collected over mercury,—
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that metal bein‘ not affected by either gas; but both of
them are absgrbed by water. 'Th& colour of this gas is
an intense and lively yellow. It discharges vegetable
colours, like chlorine. When heated, it explodes with a.s
considerable emission of light; and 2 volumes expand
into 3: these 3 volumes ate a mixture &f 2 volusnes of
oxygen and 1 of chlorine; the gases being po longer
in combination. Phosphorus, immersed insit, causes an
explosion by decomposing it ; oxygen and chlorine re-
sult, and the phosphoris burns in the mixture. Ter-
oxide of chlorine may be foamed by thoroughly mixing
a small quantity of the salt sold by druggists under the
name of chlorate er oxymuriate of potash, with as much
sulphuric acid as will form a paste, and exposing the
mixture 1o a very gentle heat, in a very sthall retort:
small quantities should be employed, lest explosion
should take place. The same salt, when heated with
dilute muriatic acid, affords protoxide.

Chloric acid.— When 100 purts of chlorine combine
with five time: as much oxygen as exists in the prot-
oxide, that is, with 111095 parts of oxygen, an acid
is produced, which ¢secalled chloric acid. It was for~
merly named Ayperowmynuriatic acid. Water is neces-
sary to its constitution; and, hence, it is always ob-
tained in the state of a solution jn water, which has an
acid and astringent tgste, bu¢ no smell: it reddens
vegetable blues,—the characteristic power of chlerine on
vegetable colours being gubdued ; the colour, howeyer,
is at length destroyed.

Perchloric acid. — The last compound of chlorine
and oxygen is formed when the quantity of tire €S
seven times greater than exists in the protoxide; or,
when 100 parts of chlorine combine with 155:533 of
oxygen. In this case a distinct acid is formed, called
perchloric acid, the properties of which have not been
ascertained.

Thus chlorine, by uniting to different portions of
oxygen, forms four different compounds. The elements
4n all of them are retained by a very feeble affinity ;

N 4
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hence the facility with which oxygen is transferred from
them, and the brilliunt phenomena whach often occur
during the transfer. If we reduce the numbers repre-
wsenting the different quantities of oxygey, viz. 22:219,
88-870, 111°095, 155533 to their lowest terms ; then
the oxygen of tuc protoxide will be 1, of the peroxide 4,
that of chloric acid 5, and that of perchloric acid 7 ;
all these nubers being in conformity with the doctrine
of multiple ratios. It is probable that other compounds
will yet be discovered. *

Muriatic or Hydrochloic acid. — Besides uniting
with oxygen, chlorine combines with hydrogen, and
forms muriatic acid. If chlorine .and hydrogen be
mixed together in equal volurpes, and exposed to com-
mon dayligat in a glass flask, ' ey will, in a little time,
combine ; and cven explode in combining, if they had
been exposed to suulight, or to the action of an eleetric
spark, or to the light of a candle. Two volumes of
muriatic gas result. Besides this synthetical proof, the
composition can be shown analytically.

Muriatic acid gas, in its pure state, is transparent,
colourless, and elastjc: under very strong pressure, it
condenses into a liquid., A volume of chlorine and a
volume of hydrogen combine and form two volumes of
muriatic acid gas: hence, as there is no change of bulk
by condensation, we canfind the specific gravity of mu.
riatic a¢id by adding together the specific gravity of each
constituent, and, taking half\;the sum as th¥® specific
gravity of the compound. The specific gravity of hy-
drogen is 0-06879, that of chlorine 2'5: the sum is

‘#9682, «and the half is 12844, which is the specific
gravity of muriatic acid gas, and is identical with the
result of an experiment made by Thomson. Water
absorbs this gas with avidity ; one cubic inch at 69°
absorbs 417-822 cubic inches of the gas; heat is pro-
duced, and, when cold, the bulk of the water is increased
to 1-3433 cubic inch. 'This is liquid muriatic acid:
with these proportions of constituents, its specific gra-
vity is 1-1958: 100 grains of it consist of 40°39 of
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real acid and 5961 of water.—(Thomson.) Butat 40°,
water is capahle’ of combining with 480 times its bulk
of the gas. Phe specific gravity of the strongest liquid
acid that can ‘.)c conveniently obtained is 1-203. In, 4
this state it is very volatile; it hoils at 107°, and fre-*
quently forces the stoppe? out of the Bottle in ewarm
weather. At a temperaturc below freezing, acid may
be obtained so strong as 1:500; but as the-temperature
rises, the liquid gives off acid fumes, which leave the
remainder weaker, until, 3t 60°, it becomes 1-203. It
is a colourless liquid; and,evken exposed to the air, it
smokes, because the gas exhaled condenses the moisture
of the atmosphere.e It extinguishes both flame and life,
and is not inflammable. § Its smell is pungent, suffo-
cating, and somewhat aromatic. 1t powerfully reddens
vegetable bluces.

The method of preparing muriatic acid, just now
described, is not that employed for preparing it for
use. Common culinary salt isethe source from which
it is derived. A mixture of this salt with sulphuric acid
and water is to be distilled with a heat barely sufficient :
& yellow liquid acidgcemes over ; Jbut if the salt had
been previously heated nearly red-hot, the acid is
almost colourless. According to Dr. Barker, of Dublin,
who made many experiments gn the subject, equal
weights of salt and sulphuric acid give the largest pro~
duct. With 5000 grains of salt, the samec *of the
strongest sulphuric acid,4nd 8000 grajns of water, the
product was 9389 grains,of muriatic acid, specific gra-
vity 1-160.* R .

Chloride of azote. — Therc is but one kndwreseliil-
bination of chlorine with azote: it is one of the most
formidable and dangerous substances in nature, owing
to the facility with which it explodes, and the violence
of the explosion. It is called chloride of azote. Pour
upon a flat dish a warm and unsaturated solution of
sal ammoniac in water. Fill a phial bottle with

* Seehis * Observations on the Dubhin Pharmacopceia,” page 36. ; a very
useful commentary,



186 ELEMENTS OF CHEMISTRY. PART IL.

chlorine, and cork it: then invert the}ottle in the so-
lution, and uncork it under its surfacef ‘An absorption
of the gas takes place ; it decomposes the ainmonia, com-

w bines with its azote, and formns a yelldbvish oily sub-
*stance, which is chloride of azote. When one or two
globudkes are formed, the process should be stopped
on accognt of the danger. If heated to 212°, this
chloride is wesolved into its clements with a tremen-
dous explosion. Contact with phosphorus, oils, and
a variety of substances, calife the same effect. It
consists of 4 volumes of ahlorine, combined with 1 of
azote. Its colour is.pale greenish yellow. It boils
at 160°: no known cold is capable of freezing it. Its
consistence is little more than ‘that of water. It is
soon decoikposed when left in contact with water. Its
specific gravity is 1-653. '

Perchloride of cavbon.—By the action of chlorine on
olefiant gas, a compound of chlorine and carbon is
formed, called perchloride of carbon. When heated in
a retort, it evaporates, and the vapour condenses into
crystals. If sublimed rapidly at a high heat, it forms
a transparent, colougless mass. I#byirns in the flame of a
candle with a red light and much flame. It has a
smell somewhat resembling camphor ; like camphor it
scarcely dissolves in water, but easily in alcohol, from
which it is precipitated by the aftusion of water. Hot
alcoho} dissolwes more than cold; and a hot solution
affords crystals pon cooling: xthe same may be'said of
ether. It dissolves also in oils. Camphor, included in
a bottle, volatilises and crysta‘llises on that side of the
“BBfMay mrost exposed to the ﬁight ; this chloride does
the same ; and the other points of resemblance to cam-
phor are striking.

If this perchloride of carbon be passed in vapour
through a red-hot glass tube, a part of the chlorine is
given off, and a protochloride is produced, which may
be condensed in a cool part of the tube. This is a
liquid which dpes not seem to possess any very striking
Pproperties.



CHAP. I. IODINE. 187

It bas been \\bserved by Dr. §lliman, that if, in
attempting to gnix chlorine with olefiant gas, the latter
be allowed to qecupy the upper part of the vessel, and

the former the under part, a bright flash and slight_

explosion will take place carbon willy be deposxted
and the chlorine will dlsappear

Chlorocarbonic acid. — There is a gaseous ~combin=
ation known in which carbon is acidifftd by both
oxygen and chlorine. Ifeis called chlorocarbonic acid.
It is produced by exposing cqual volumes of perfectly
dry chlorine and carbonic® otide in a glass flask to
strong sunshine. 'They combiné and condense to one
volume. This is &n agid; for it reddens litmus, and
combines with certain allalles It has an c‘xu.edmgly
pungent smell.  Water decomposes it.

e
Sectrion VI.

There exists a substance much resembling chlorine
in some of its prop¥rfies, and desived from a source
which also supplies chigrine : they are both of marine
origin ; the latter existing in sea water, and the former
chiefly in sca plants. This substancg may be procured
by drying and powderiag common sea weced, and heat-
ing it with sulphuric acid: a violet eoloured*vapour
rises, which, if receivedsis®a cool vessed, will condensgon
its sides, and will form, scaly crystals, of a somewhat
metallic lustre. These ocrystals are the substance in
question ; from the violet colour of its vapdurgft” T
called iodine. When exposed to the air at common
temperatures, it volatilises slowly but completely ; but in
close vessels it requires the application of heat for eva-
poration. At a hieat a little above that of boiling water,
it melts; at 350°, it boils and evaporates in a violet
coloured vapour, almost exactly the colour of the vapour
discharged from indigo thrown on hot iron ; it crystal-
lises as it cools. The specific gravity of iodine is, ac-

®
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cording to Dr. Thomson, 3:084. It },,s a leaden gray
metallic lustre, but it is a non-conductorg of electricity.
It has resisted all efforts to decompose g;, and may be

» passed in vapour through a red-hot earthen tube with-
out change. It has the property of forming a beautiful
bluc ‘colour, when mixed with a little powdered starch
diffused- through cold water: and hence iodine and
starch are used by chemists as mutual tests of each
other's presence even in thg,.most minute quantity.
Iodine stains the fingers yellow, and consumes the cork
of the phial in which it is contained. It dissolves in
7000 times its weight of water, and the solution is
brownish yellow ; but it is by fay more soluble in alcohol
or ether; and the tincture, if concentrated, is of a deep
reddish brown. It has a smcll of chlorine : like chlorine,
it destroys vegetable colours ; and, like that substance, it
combines with oxygen or hydrogen—in either case form-
ing an acid.  With chlorine it also forms an acid, which
is called chloriodic acid.

The process given above for obtaining iodine, is not
the one by which it is procured for sale: and it can
be now purchased at'so low a price,’ that no chemist ever
thinks of preparing it for his awn use. Dr.Ure has
given the process in full detail : it is one invented by
himself ; the follewing is an outline : —

Todine is largely conthined in kelp * ; and it may be
cconomically prepared irom the brown ofty-looking
llqaor which is the waste of ‘.. soap manufacture, and
in which all the iodine orlgmu]ly contained in the kelp
used in that manufacture is to.be found.

Every 8 ounces, apothecaries’ measure, are to be
mixed hot with 1 ounce measure of sulphuric acid
diluted with its bulk of water. When cold, filter the
liquor ; add 666 grains of black oxide of manganese ;
and introduce the whole into a large glass globe, over
the wide neck of which another is to be inverted and
kept cool, while the bottom of the lower one is heated

* The semifused ashes of sea weed.
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by burning chageoal to about 232°. Todine now sub-
limes copiously,(\nd is readily condensed in the upper
vessel. I'romg the above quantitics, about 1 drachm
troy will be obained.

Todine combines with sulphur, although without muche”
force of affinity ; with phgsphorus it aembincs ener-
getically ; it unites with carbon, and with various me-
tals ; but in none of these combinations is the/& much
interest. It is a poison ; but in minute dofes it is used
in medicine, and, if long ~entinued, produces rcmarkable
emaciation.

Owxide of iodine, and Todots “ucid. — There are three
combinations of 1odine and oxygen krown, — oxide of
iodine, iodous acid,’andyiodic acid ; the two first were
discovered by professor nentini, and theq folBWing
is the process for obtaining it, as described by himself : —
“ A copper tube, two spans in lcngtl%and eight lines in
diameter, is furnished at one end with a screw, its other
end termninating with an aperture one line in diameter.
This extremity must be bent in such a way as to be in-
troduced into the tubulature of a retort, leaving the latter
a proper inclination, A bladder of oxygen must be
screwed into the oter end of the' tube. Along and
underneath the tube, a leng spirit lamp should be placed,
furnished with several wicks, which, when kindled, are
capable of heating it to redness. ®At the same time a
lamp must be placed under the "retort. When the re-
tort and tube are both nearly red-hot,”one assistant
strongly compresses th adder, whil® another intre-
duces a spoonful of iodine into the beak of the retort ;
and this, falling under thescopper tube from which g
hot oxygen issues with force, is reduced to a violet
vapour, which gradually disappears, lining the beak of
the retort with a yellow, transparent matter, almost
solid. This is the owxide of iodine ; it has the con-
sistence of a solid oil ; its taste is rough and disgusting ;
it evaporates totally in the air; it is very soluble in
alcohol and water, and communicates an amber yellow,
which alkalies render colourless: brought in contact
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with phosphorus, the latter inflameg” Ie further
found, that ¢ by continuing the jet off'oxygen after the
beak of the retort becomes lined with tlpe yellow, soft-
solid oxide, iodous acid will begin to ffrm, which will

"erun down along the beak, and will announce itself suf-
ficiently by the redness whigh it occasions in tincture of
turnsole. The production of iodous acid will be faci-

* litated, if, while the jet of oxygen is continued, the
lamp, instead of heating the belly of the retort, is em-
ployed to heat the oxide in the beak, which, immediate-
ly combining with a new portion of oxygen, is converted
into iodous acid.” *  Sémentini has algo shown, that by
mixing iodine with chlorate of potash, both in powder,
and in such proportions as will produce a yellowish
colodf ‘(three parts of chlorfte of potash and one of
iodine succeed hest), and applying a gentle heat, an
amber-coloured liquor distils over, evaporable at so low
a heat as 112°; of a strongly acrid and disagreeable
odour ; capable of reddening without destroying vege-
table blues, and of inflaming phosphorus. This also
is iodous acid. In order to produce it, a gentle heat
must be applied. A strong heat will altogether change
the nature of the products.t+ The acid will more cer-
tainly be obtained pure, if tkrce parts of chlorate of
potash to one of iodine be employed.

Iodic acid.— By exposing iodine to the action of prot-
oxide, of chlorine, the latter s decomposed ; its two
elements combine with iodine ; and two compBunds are
formed, named“chloride of rudine and iodic acid. As
these substances differ in volatility, the application of

<hagt_drives off the former, #nd iodic acid remains. It
is a solid, semi-transparent, white substance, not only
soluble in water, but deliquescent. It first reddens and
then destroys vegetahle blues. Whet heated strongly
by itself, it is resolved into its elements; but if heated
with combustible bodies, an explosion takes place.

Chloride of iodine may be prepared also by exposing

* Giornale di Fidlca, 1896, 387. + Ibid. 1825, 157.
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iodine to chlorije : thelatter is absorbed, and a chloride
is produced whibh manifests the properties of an acid ;
but it is unctain whether in its own nature it is an
acid, or whethr it becomes one only when, by decom-
posing water, its clements are acidificd. Those whe
cousider it an acid in its awn nature, hdve giveneit the
name of chloriodic acid. At ordinary tempcratuges, it is
a deliquescent solid ; if heated, 1t melts igto an orange
liquid ; and if still further heated, becomes an orange
yellow vapour. -

Ifydriodic acid. — The gomgbination of iodine with
hydrogen possesses properties which eminently cha-
racterise it as an agid : its taste is acill, it reddens vege-
table blues, and it conthines with bases. I‘he‘nﬂne of
this compound indicates the two elements which form
it; it is called hydriodic acid. It may be procured by
thc direct union of its component singredients: if the
vapour of iodine be passed through a ved-hot tube along
with hydrogen, both substances«combine, and a colour-
less gas rcsults, which is the acid in quegstion. This
gas, when allowed to escape into the air, condenses the
moisture of the air, qardd thus produces abundant white
fumes. It 1s decomposed by almost all metals ; the jodine
combining with the mcfhl, and hydrogen being left un-
combined. The same decompysmon is effected by
heating a mixture of it and oxygen or chlorine ; water
being produced in the former case, and murlatxc-acld in
the latter, by the abstractign of the hygrogen, while the
iodine is liberated. ydnodlc acid gas may be Ob-
tained by the action of |odme on sulphuretted hydrogen ;
the iodinc takes the place®of the sulphur ; andwx+this
fact is founded a good process for obtaining liquid hy-
driodic acid, which is as follows : —T'riturate iodine and a
a small quantit} of water ; when the mixture is tole-
rably smooth, add more water, and pass a stream of sul-
phuretted hydrogen gas through it, arising from a mix-
ture of sulphuret of antimony and muriatic acid heated
in a flask. The gas may be transmitted through the
iodine and water by means of a glass tube bent twice at
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right angles, as in the sketch, — a very «’tsiiy constructed
apparatus, which answers for all suck® purposes. 'The
sulphuretted hydrogen is decomposed ; fhe sulphur is

almost completely separated ; the hydrogen, combining
with the iodine, dissolves it, and forms liquid hydiiodic
acid, which may be filtered from the sulphur, and hoiled
for a few moments, to expel any redundant sulphuretted
hydrogen. This liquor, when distilled, at first gives off
water only, ‘but at length the acid itself distils over.
Hydriodic acid gas is absorbed gopiously by water, and
the result is liquid hydriodic acid. This liquid, by ex-
posure to air, is speedily decomf®sed. 100 cubic inches
of hydriodic acid gas contain 50 cubic inches of hydro~
gen, combined with 50 of the vapour of jodine. This
gas is set on fire by pouring into the vessel which con-
tains it a few drops of stronQnitric acid.

“Jodide of awote. — With a7dte, iodine combines, al-
though indirectly, and forms 4 curious detonating come
voual., - If liquid ammonia *be poured on iodine, part
of the ammonia is decomposed into hydrogen and azote :
both of these combine with iodine ; the former produ-
cing hydriodic acid, which unites to the remainder of
the ammonia, and the latter affording the compound in
question ; to this the name of iodide of azote has been
given. It is a dark brown powder, and is of so ex.
plosive a nature, that not only heating, but touching it,
will cause it to detonate violently ; and sometimes it
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will detonate Wishout any apparent cause. The results
of the explosion "re iodine in violetytoloured vapour, and
azofe ; and th\ cause of the explosion is the concussion
on ‘the air, occdsiuned by the sudden conversion of these
two substances froin the solid to the gaseous state. .

Todine combines with seyeral other substanceg, but
the compounds need not be here noticed.

Sectron VI

nroMINe.

This is a subsfancg which resembles chlorine and
iodine in many of their Mabitudes. If a large qthtity
of sea water be boiled dowii, and the common salt re-
moved until it no more freely crystalliscs, we obtain a
residual liquor, called by salt makers bittern; and an
abundance of it can be procured at the salt works, often
without charge, for in many localities bittern is nfade
no use of- Through this liquid, chlorine $as is trans-
mitted, until it assume a brownish yellow colour. Some
ether being added, thé whole must be well shaken,
and then allowed to saétle : the ether, now of a fine
red hue, floats on the top, and, being decanted, must
-be shaken with pure potash, and dissolved in a little
water. The ether now loses® its colour, becguse it
has transferred to the potagh the matter “which “caused
the colour. 'The same ®tiier may be aBitated with mere
bittern, which has been treated with chlorine, and may
thus be made the mediumeof transfer between_a largo
quantity of bittern and a small quantity of potash.
The solution of potash, continually agitated with, fresh
portions of ethereal liquor, becomes so highly charged
at length, that by being a little evaporated it will afford
cubical crystals in abundance. If these be distilled in a
retort with dilute sulphuric acid and some black oxide
of manganese, red vapours will arise, which may be
* condensed into a very deep reddish brown liquor, by
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receiving them in a globe or flask surrqunded by ice or
very cold water. Tehis liquid is aboy{ three times as
heavy as water (2:00): it is sparingls dissolved by
water, more copiously by ether. At 417° it beils;
but even at ordinary temperatures it emits reddish
vapours, sometvhat like these emitted by nitrous acid.
It discharges the azure colour of litmus, as would
happen with _chlorine, and without reddening it. Like
chlorine, it sets fire to certain metals when brought in
contact with it. It is not cumbustible, and it extin-
guishes combustion: it_agts as a strong poison, and
corrodes the skin. It becomes a solid at a little below
zero ; but if combined with water so as to form a hy-
drnte . it affords fine red crysta s at 32°. Brought in
contact with phosphorus, bromine occasions an explo-
sion. Its vapour is not decomposed at a red heat. A
taper immersed im the vapour is extinguished, after
having its flame surrounded by a greenish margin
topped with red. Starch is a test for bromine ds well
as for iodine ; but it produces an orange hue, instead of
the blue which iodine affords.

Bromine, like chlorine, comhings either with oxygen
or hydrogen, and in both cases forms an acid. The
acid formed by oxygen is callew bromic acid ; that with
hydrogen is-hydrobromic acid. The former can only
exist in combination with water ; but the latter is a gas
which, water absorbs, and acquires considerable acidity
and density by so doing. d{ihlorine also comblhes with
bromine: the chloride is an ofange volatile liquid.

The combinations of bromine are numerous, but their

‘ prepexsics do not warrant the' occupation of limited space
bv particular descrivtions.
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Secrion VIIIL.

Amongst the various combustible bolies with, which
common observation makes us acquainted, the sub-
stance called sulphur stands sufficiently characterised
by its well known appearance, and® the *peculiar blue
flame with which it burms. It is much used in the arts
and manufactures. It is found in great purity in many
parts of the world, espetiafly in volcanic countries
amongst lava: it occurs in masses,*and sometimes in
crystals ; and it 15 am abundant ingredient ip various
minerals. It is of a yelfow colour; is modesatelyhard ;
has a pcculiar smell, which is increased by friction, or
by a gentle heat. When a roll of itjs held in the hand,
it at length cracks in pieces. It is a non-conductor of
clectricity, and when rubbed becomes highly electric.
When heated to 218°, it melts almost into a liquid®; if
heated a little more it becomes less liquid} and if much
more it becomes tengeipus ; on cooling somewhat, it re-
turns to its former liquidity. If‘it be allowed to cool
until the parts next, t#f sides and bottom of the con-
taining vessel are solid, while the central portion is still
liquid, and the vessel is sloyly indlined so that the
liquid part may run off; the interior will present, a mass
covered all over with crystals of sulphur. If, while
melted and viscid, it b® poured into cold water, it %ac-
quires somewhat the consIstence of softened sealing-wax,
and in this way it is ofteh used for taking imypressions
from seals. When strongly heated, it boils and evapo-
rates ; and the vapour condenses on any cold hgdy in
the state of a fine ycllow powder, called flowers of sul-
phur : the part that refuses to evaporate is called sul-
phur vivum,— an inappropriate name, and contradictory
to the old name caput mortuum, which such residua ob-
tained. If heated to 300° in contact with the atmoa
sphere, it takes fire, and burns with a lambent blue flame,

o2
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which, as the heat rises, becomes whitisl ; even at 190°
it burns, but so feebly that the quaptity cxisting in
gunpowder may be all consumed with(qlt explosion ;
this may be done by laying the gunpowder spread out
®n a moderately hot tile. Sulphur burns, in oxygen
gas, with a muth more brilliant and a lighter coloured
flame., In eithet casc, the sulphur combines with
oxygen, and_emits copious fumes, which are a com-
pound of oxygen and sulphur ; they are pungent to the
smell, and acid to the taste. We are acquainted with no
less than four compounds, consisting of these elements
in different proportions.

Sulphurous acid. — 'The above mentioned fumes are
the first.compound : we know of no oxide of sulphur;
all the comvbinations possess acid properties. The onc
at present under consideration, in conformity with the
principles of nomenclature already explained, is called
sulphurous acid. When quite free from water, it is a
gas_at ordinary temperatures and pressures of the at-
mosphere ; but when compressed into half its bulk, it
becomes a liquid ; and the same happens by exposing
it to an intense cold without pregsure. Exposed to air,
this liquid acid evaporates speedily, and produces such
a degree of cold, that the mercury in a thermometer tube
may be frozen by its means: it boils at 14°. The gas
has a strong affinity for.water ; it is absorbed by T,;th
of its kulk of gvater, and the squtlon thus forped is the
same as what is cammonly ctlled liquid sulphurous acid ;
bt is perfectly different from the acid liquefied by cold'
for the latter may contain no'water. The gas may be
“expellod again from its solution in water by boiling.
This acid comports itself differently from other acids
with regard to some vegetable colours ; it instantly red-
_dens the infusion of blue cabbage, but it discha'rges the
colour of infusion of the red rose. The gas bleaches
vdrious textures, as those of silk, wool, and straw ; the
liquid acid bleaches sponge. It bears a red heat with-
out decomposition.

When sulphur is burned in perfectly dry common
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air, or oxygen %as, no product is formed but sulphurous
acid ; but if msture be present, Both this acid gas and
sulphuric aci% are produced. 'To generate sulphurous
acid gas for experiment, mercury or copper clippings
should be boiled with strong sulphuric acid, in a glads
retort, and the gas received over mercury, a® water
would absorb it. When sulphur is burned. in dry
oxygen, its volume, when cold, is so little altered, that,
were the sulphur quite pure, it is believed there would be
no alteration whatever. “In fact, it is admitted, that sul-
phurous acid gas contains eaacsly its own bulk of oxygen.
This gas has an exceedingly pungent smell ; it is
fatal to breathe iteundiluted ; it extinguishes flame ; and
is not inflammable. ‘I specific gravity, aw"‘mg to
Davy, is 2:2293; according to Thomson, %2:221 : the
mean is 2:2251; and hence 100 cubic inches of it weigh
68-5500 grains. 1f from this lastenumber we subtract
the weight of 100 cubic inches of oxygen, 33:9153
grains, the rem=inder, 34-(443%grains, are the weight of
100 cubic inches of sulphur vapour, such as exists in
sulphurous acid. Ifence, I conceive the specific gra-
vity of vapoar of sulphur must, be 1-1244, and not
1-1111, as stated in chemical works. If we suppose a
volume of sulphur vapour and a volume of oxygen to
condense into a volume of sulpliuroys acid, the suppo-
sition will just accord with tire known specific gravity
of the latter ; for 1°1244 411007 = 2-8251. «
Sulphuric acid. — gt ‘has becn elready mentigned
that dry oxygen gas dogs not act upon dry sulphurous
acid gas; but if water be present, a combination is
effected, and sulphuric aud is formed. Thevaost in-
structive mode of making the experiment is the follow~
ing : — Pour some liquid sulphurous acid into a flat
vessel, and invert a jar of oxygen gas over the acid, so
that its surface may be in extensive contact with the
oxygen. After some time the quantity of oxygen will
begin to diminish, and the liquid will slowly rise in the
jar, until at length all the oxygen (if its quantity was
exactly apportioned) will disappear. The sulphurous
. 03
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acid is now totally altered : it has lost, its suffocating
smell ; it may be boited without expelliig any gas, and
instead of discharging the colour of tht red rosc, it
renders it more intensely red : it is now converted into
sulphuric acid, although very much diluted with water.
If thediquid be boiled until dts specific gravity become
1:845, it is then the strongest sulphuric acid that can
be obtained.

The proeess just described is very different from that
made use of on the large scale for obtaining commercial
sulphuric acid. Formerly it was procured by the dis-
tillation of common green or white copperas, that is,
sulphate of iron or of zinc. When sulphate of iron is
exposert o heat in a retort, it first gives off water of
crystallisatién ; this was called phlegm of vitriol ; it is a
little acidulous: next comes a tolerably strong acid,
which was called wpirit of vitriol; and, lastly, the
strongest portion, which, from its consistence, was called
il of vitriol : the latter part of this becomes solid, owing
to its great concentration, and was called glucial oil of
vitriol ; it possesses the property of smoking. From
6 cwt. of common sulphate of ircu,®Bernhard obtained,
by dlstlllatlon, 52 pounds of drv concrete acid — (Hop.
son’s Wiegleb).

In 1703, Homberg published a paper in the Memoirs
of the Royal Academy, in which he described 2 method of
obtaining spiritnof sulphur by burning sulphurdn a wide
receiver. But this wzust have Blen done to great disadvan-
tage’; for Geoffroy informs us, that by the process, 1
pound of sulphur sometimes yields 14 ounce of the
acid spisi, and this he considers a great product. That
it was then a great product, and the process a real im-
provement, appears from ‘“ 'The Booke of Distillations,”
which gives the following method : —Throw brimstone
in small quantities into a pan of earth or iron placed on
the fire. Keep a bell glass hanging over it, but not so
near as to confine the vapours, and thus extinguish the
flame. As the brimstone burns, sypply more;  a dark
red oyle will collect, and this conceive that of five pounds
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of brimstone yox shall hardly gather one ounce of oyle.”
Such was the pgoduce two centurtes and a half since.
Homberg, however, was not the inventor of the im-
proved process, for it is mentioned in Margraaf’s Ma-
teria Mcdica Contracta, published twenty years before.e

In some time afier, Cognelius Drebbel, a Holdander,
discovered a ethod of obtaining 10 ounces of the
acid spirit from a pound of sulphur ; but the process was
kept secret.

The next great improvement in the manufacture was,
the discovery that, by adding njtre to the sulphur during
the burning, the access of cxternal air, which used to
carry off the acid fumes, was renderetl unnecessary, and
that a2 much larger prqduct might thus bepnhtained.
"This had a considcrable effect in reducing the prite of
the acid; from 2s. Od. per pound, it fell to 1s., and
then to 10d. ; a short time previomsly to 1758 it was
reduced to 4d. — (Elaboratory laid open, 158.); and at
present it is sold in London far scarcely more than a
quarter that smin. A patent had been gr&ntcd to some
persons, a few years before 1758, for this invention ;
but on the grounds ef povelty they had no title to such,
for the nitre process is actually described by Lemery, in
his Cours de Chimie, 1713.

Until 1807, when the theory of.Cler.nent and Desormes
was first promulgated, the psactice throughout Great
Britain had been to enclose a number of platesf iron, .
containing a mixture of ord part of njtre to nine of sul-
phur, in a state of combustion, in a chamber of 18ad,
which was made as close as possible by means of water
Iute. This was done accordantly with the imprevement
above mentioned, of preventing the acid fumes from
being carried off' ; but it will presently appear that the
closeness of the chamber was of the greatest possible de-
triment to the process, because it excluded common air,
and because a crust of hard salt, which could not be
broken, formed on the surface of the burning melted
matter, and preventgg perfect combustion. Up to this
period, it was considered good produce to obtain five

- o4
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parts by weight of sulphuric acid from four of sulphur®;
and often the averdge produce did mot exceed equal
weights. But as soon as the theory of Clement and
Desorines became known, the necessity of admitting the
stmosphere was perceived ; rakes were applied to the
burning matter; and such wes the effect on the produce,
that from 1 pound of sulphur no less than 2} or
3 pounds were obtained, and from Gd., to which the
price bad risen, it was reduced to 2d. per pound.
Instead of burning the mixture of sulphur and nitre
in the chamber, a stratym of water being laid on its
floor to absorb the acid fumes, the present practice is to
burn the mixture ‘on lan iron pan, ip a furnace outside
the c]wnher, so contrived that the fumes shall enter the
chamber, #ad be there condensed in the water: no air
passes into the chamber but what goes over the burning
sulphur. According to the old process, the crust of salt
from the pans often fell into the acid, and rendered it
foul ; this is prevented &by the new plan. If the com-
bustlon of th? nitre and sulphur be allowed to proceed
too rapidly in the furnace, there will be little or no sul-
phuric acid formed ip the chamber ¢ the sulphurous acid
and nitrous gas will be perceived in the most remote
chamber, without condensation | and, perhaps, unacidi-
fied sulphur will be spblimed.  Suppose that a charge
of 1 ewt. of the mixtare of sulphur and nitre is
burned st onae, three such charges will be cousumed
every twenty-fout‘hours a wew onc being adffled when
the" former is nearly burned out: cach charge is to
be continually raked, cspecially near the end of its
combustion. The water in the bottom of the chamber
absorbs the fumes, and increases in specific gravity, at
-first more rapidly than afterwards: when it arrives at
1-350, if it gain 3° of Twaddle’s hydrometer (i. e. spe-
cific gravity 0:015) every day until it attain 1-450, it
is accounted good work, the depth of the water being 5
ar 6 inches, and the height of the chamber 12 feet.
In some vitriol works, when the 9?1 reaches 1°450, the

* Irvine’s Essays, p. 41
*®
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impregnation is'discontinued ; it is then concentrated by
evaporation in #eaden boilers, unfil it become 1-600.
At a strength ‘very little beyond this, the acid would act
upon lead ; and so high is the boiling point become, that
the lead would be in danger of melting. On these ac®
counts, it must be transferred to glass or platinumeretorts
or matrasses, in which it is boiled down or distilled,
until it be of specific gravity 1:845, or 1-840. The liquor
which boils off in vapour is at first water ; then liquid
sulphurous acid ; and, lastly, sulphuric acid. The test of
completion is, that the acid, originally decp brown, has
become perfectly cclourless.  The cause of the brown
colour is excess of sulphur; this decomposes the sul-
phuric acid, and henec® gnlphurous acid appes: - ghere
is thus a waste, although but trifling. Sulphur boiled
on sulphuric acid, turns it blue, green, or brown, ac-
cording to the quantity of sulphum It is proper to
observe that, in some factories, the impregnation of
the water by tl:e gas in the l®aden chambers is ¢on-
tinued until the specific gravity be 1:609 ; it is then
transferred at once to the platinum retorts. '

The leaden chamiers at length,, but slowly, are cor-
roded and wear out ; thg sides and top most, the bottom
least ; but most of all near the source of heat. T have
known lead of six pounds to the squarc foot, to stand
moderate work for fourgecn years. About half a pound
of the combination of lead gvith sulphuriceacid # found,
after the perfect concewragl‘:m of a retort charge which
afforded 150 pounds of acid ; and a little more remains
dissolved in the acid, whigh dilution precipitates.

The residuum remaining after the burning of the
sulphur and nitre is sold to alum makers, soda makers,
and soap boilers.

The following is the theory of Clement and Desormes,
as improved by sir H. Davy:—¢ The sulphur, by
burning, forms sulphurous acid gas, and the acid in the
nitre is decomposed, giving off nitrous gas ; this, coming
in contact with the ofgygen of the atmosphere, produces
nitrous :cid gas, which has no action upon sulphurous
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acid, to convert it to sulphuric acid, tinless water be
present ; and if thisSubstance be only én a certain pro-
portion, the water, the nitrous acid gas, and the sul-
phurous acid gas combine, and form a white crystalline
sblid. By the large quantity of water usually employed,
this conpound is instantly alecomposed, oil of vitriol
formed, and nitrous gas given off, which in the air
again becomes nitrous acid gas; and the process con-
tinues, according to the same principle of combination
and decomposition, till the water at the bottom of the
chamber is become strongly 2-id. 1t is easy to prove the
truth of these reasonings. Let dry sulphurous acid gas
and nitrous acid gas be mixed together, by suffering the
sulphunexe gas to pass into a gtass globe partially ex-
hausted, anlt containing nitrous “acid gas, there will be
no action between the gases ; but if a drop of water be
introduced, there will be an immediate condensation, and
a beautiful white crystalline solid will line the interior
of the vessel : whereasy if the globe contain plenty of
water, nitrous gas will be given off with great v101ence,
and the water will be found to be solution of oil of vi-
triol.” It is evident that the azote,' which is continually
accumulating in the leaden chanber, must constantly be
allowed to escape.

The following are the chief properties of sulphuric
acid : — When mixed with water, heat is generated. If
the acids weigh four times "s much as the water, and
both are at oO° the temperdtugpe will rise to 300°, and
there will be a diminution of volume. Such is the at-
traction of thisacid for water, that it will, when exposed
to the atmosphere, attract moisture from it, and will
thus gradually become much diluted. The greatest de~
gree of concentration to which pure sulphuric acid can be
brought by boiling, is specific gravity 1:845*; and even at
this strength, every 100 parts weight contain 18-37 parts

" of water. The acid of commerce, as it comes from the
manufacturer, is 1'850 ; but it is so in consequence of
its containing salts of lead, or off earths, or of potash.

% Perceval, Irish Trans. iv. 89, ; and Ure’s Dictionary.
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It may be purificd from these by distillation over a char-
coal fire in a green glass retort, on #he bottom of which
some bits of glass or platinum should lie, to prevent con-
tinual concussions arising from the vaporisation of the
acid under so heavy a liquid, which might endanger the
vesscl.  The portions that first distil contain the, water
present, along with any sulphurous acid that may have
becn generated by the accidental mixture of carbonaccous
matter ; these should be rejected. The sctond portions
that come over will be vewy pure; but the phial in which
it is kept must be well closed, to prevent dilution by
atmospheric moisture. Sulf)huric acid, colourless when
pure, becomes discolourcd by any carbonaccous matter
falling into it ; a bit of gork would effectually ‘blacken it.

.8 . e
Boiling is the rcmedy ; for the carbon is expelld® as
carbonic acid, along with the sulphurous acid generated
by the abstraction of oxygen by the garbon.

Sulphuric acid freezes when sufficiently cooled, and
the crystals arc sometimes large, distinct, and hard: when
of specific gravity 1780, Mr. Keir found it to crystaflise
on being cooled in melting snow (32°); and ¥ stronger or
weaker, it required asgrgater cold : but the temperature
of the crystals, when formed, was so’high as 45°.% This
does not correspond witl® the extensive experience of a
scientific vitriol manufacturer, who informed me that
the specific gravity of the acid which he found to frecze
most easily, is 1-885. ' e =

Saxon or Nordhausen sul,:huric acid is made in the
following manner : — Gfeen copperas (sulphate of iren)
is calcined to a yellowish Yed ; it is thus freed from the
chief part of its water, and is reduced to half its weight.
While still warm, it is distilled from large earthen rc-
torts in a reverberatory furnace: it gives some acidulous
water; the acid then comes over. Its specific gravity is
sometimes as high as 2'0. The distillation of a batch of re-
torts often continues ten days. If the calcined copperas
were not immediately distilled, it would attract moisture.
Such is the process described by Gren and Wiegleb.

* Philosophical Traﬁsnctmns, by Hutton, &c. xvi. 271.
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This acid," when exposed to air, discharges whitish
gray vapours, which‘are not sulphurousmacid, as formerly
supposed, but real dry sulphuric acid.  Acid of spetific
gravity 1800 contains about -} th of water; and is
So volatile, that it boils at 120°%—( Thomson.) 1f it be
distilled into a recciver coeled with snow, the funing
portion comes over first, and concretes into a fibrous
solid like ashestos, which is far more volatile than ever,
and is pure sulphuric acid ; all the water remains in
the portion contained in the retort, which is now com-
mon sulphuric acid. .-

From these facts it thereforc appears, that perfectly
pure and anhydrons* sulphuric acid is a white solid
substanee_so extremely volatile,.4nat it discharges vapours
of sulphuric acid into the air ; these attract moisture, and
both condense into visible particles: and that, if to
8163 parts of it, 1837 parts of water be added, both
by weight, the result is ordinary sulphuric acid, which,
instead of being volatile like the original, requires a heat
above G00° tp make it boil. Further additions of water
render it more volatile ; but it is obvious that the hoiling
point can never fal] lower than 212°, be the acid ever
so dilute, although the pure acid boils below 120°. The
solid acid, Dr. Ure says, if dropped on paper, will burn
holes in it with the rapidity of a red-hot iron ; dropped
into water, it hisses as ifia red-hot coal were thrown in:
at (4°.it mels into a thin V'quid. The angysis of sul-
phuric acid is rec.dily performed in the manner pointed
out by Davy. Let the strongest acid of commerce be
passed in vapour through a red-hot porcclain tube ; part
of it will be decomposed into two volumes of sulphurous
acid and one of oxygen. The water, with which the
decomposed acid had been in combination, will mix with
the portion of acid which escaped decomposition. Sul-
phuric acid is, therefore, composed of two volumes of
sulphurous acid and one of oxygen, condensed into a
liquid. 200 cubic inches of sylphurous acid weigh

* That I8, without wa ter.
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137-1192 grains, an equal volume of which is oxygen,
and weighs 67:8306. The' 200 ®olumes of sulphu-
rous acid, in becoming sulphuric, take up 100 .cubic
inches of oxygen, weighing 33:9153 grains ; which,
added to the oxygen alrcady in the sulphurous acid, givep
as the total oxygen, 101:7459 grains: but, in the 200
cubic inches of sulphurous acid, there are 200 cubic
inches of sulphur vapour, weighing 692886 grains.
Hence, sulphuric acid consists of 101-7459 grains of
oxygen and 602886 geains of sulphur; and, conse-
quently, 100 grains of sulphug combine with 146-843
grains of oxygen, to form anhydrous sulphuriceacid: or
200 volumes of sulphur vapour comBine with 300 vo-
lumes of oxygen, t evo#me,of the latter being,1% time
as much as exists in sulphurous acid. . -

Hyposulphurous and Hyposulphuric acids. — Beside
sulphurous and sulphuric acids, thege two other com-
binations of sulphur with oxygen which contain a less
proportion of oxvgen than thesesacids respectively, agnd
they are both acids ; hence, one is called hy‘)osulphurous
acid, and the other hyposulphuric acid. 'T'o produce the
former, 100 parts, by weight, of sulphur combine with
24:474 of oxygen. To form the latter, 100 of sulphur
combine with 122369 offoxygen. Hyposulphurous acid
has been obtained in an uncombined form ; at least, in
corubination only with water ; but, even in a few hours, it
undergoes spontancous decqmposition. Flyposalphuric
acid has been procyred in s8lution in gvater, the specific
gravity of which may.be raised, by evaporation,®to
1:347; but, if the heat be continued beyond this den-
sity, the liquid is resolvéd into 4 parts by weight of
sulphurous acid gas, which exhales, and 5 of sulphuric
acid, which is the only remaining product. Hence
these relative quantities of tho two acids, combined, con-
stitute hyposulphuric acid.

Subsulphurous acid. — There is one more compound
of sulphur with oxygen: it contains a quantity of
oxygen, intermediate between sulphurous and hyposul-
phurous acid ; and is called by Dr. Thomson, who first
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pointed out its exact nature, subsulphurous acid, as
containing a lower* ratio of oxygen ghan what is con-
tained in sulphurous acid, and yet distinguished from
that in which the ratio is still lower, viz. hyposulphu-
“ous acid. In subsulphurous acid, 100 parts of sulphur
are cembined with 48:948 parts of oxygen. The fol-
lowing table shows the composition of the compounds of
sulphur and ,oxygen by volume and weight : —

Volumes, Grains weight  Ratio of

Sulp vap. “Ox. Sulph.  Oxygen.  ox.

Hvposulphurous acid - 100, 4+ 250 100 + 24474 or 1

Subsu'phurous acid - 100 4+ Ae 100 4+ ABWR or 2
Sulpharous acid . 100 4+ 100 o 100 + 97895 or 4
Hyposulphuric acid - 100 4+ 125, 100 + 192369 or 5
Sulphure acid - - 100 + ]r;m o 0 + 146845 o 6

“The ratio of oxygen in these compounds is as the
numbers 1, 2, 4, 5, 6. Were a compound hercafter
discovered in which the volume of oxygen would be 75,
we should then have the series of natural numbers com-
plete. In all probability such a compound exists.

Sulphuretted hydrogen, or Hydrosulphuric acid. —
Sulphur has'an affinity for hydrogen, and unites with it
in two proportions. If sulphur ke heated in a flask of
hydrogen, the latter dissolves some sulphur, and a gas
is produced by the union, whitn has an intolerably fetid
smell, resembling that of eggs in the last stage of putre-
faction ; indeed, the smejl of putrid eggs is owing to the
emissio of this gus. But by this process the hydrogen
does not take thy quantity of sulphur which would be
netessary to form even the first'combination ; about half
of the hydrogen remains altogether unchanged. In
order to procure the perfect combination, hydrogen
must be generated in contact with sulphur; and, while
in the nascent state, it will saturate itself in the first
degree. The substance sold by druggists,under the
name crude antimony, or sulpburet of antimglty, is 2
combination of sulphur and the metal antimony ; if
strong muriatic acid be heated on this substance, in
weight about six or seven times that of the antimony,
an effervescence will take place; hydrogen will be
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formed ; and it will instantly saturate itself with sul-
phur, so far as to form the gas in question. This
compound is shlphurctted hydrogen. 1t is collected
over water, in vessels filled with water in the usual
manner. But as little water as possible ghould be used,
as it #bsorbs 3:66 tines its bulk of the gas, ang occa-
sions so much waste. ‘I'he gas is, at the same time,
purified from any mauriatic acid fumes which might
have passed off along with it. Water,”thus impreg-
nated, is found abundagtly in nature ready formed ; it
constitutes the snlphurous springs of Harrogate, Aix-
la-Chapelle, Kilburn, &c.® The sulphurettedehydrogen
may be expelled, unaltered, by boiling the water.

If a stream 8f sylphurcted hydrogen be passed .
through water tinged with a vegetable bluep®he tour
is changed to red, in the same way as it would be were
carbonic acid passed through it, or gny other acid. This
gas combines with other bodies, and comports itself like
an acid, except that its taste is,not sour, Some years
sihce, when ch. mists imagined that oxygen was the
acidifying principle, and that nothing cdtild be an acid
that did not contain it, the properties of sulphuretted
hydrogen were consideted ‘anomaldus and irreconcilable.
Now it is ascertained tleat, to constitute acidity, oxygen
is by no means necessary, and hydrogen is known to °
produce acids in conjunction yith ofher bodies.

Sulphuretted hydrogen dhas becn nameyl by the Ger-
mans hydrothionic acid (#aov, sulphur); the French
call it hydrosulphuric #&id. If 100 cubic inches of it
be mixed with 150 cubit inches of oxygen, both dry,
and an electric spark pasged through, an explosion™takes
place, water is formed, and the 250 condense into 100
eubic inches of sulphurous acid. Now, hydrogen, in
combining with sulphur, does not alter its volume; it
is, tlggrefore, evident, that 100 cubic inches of sul-
phuretted hydrogen contain just the same volume of
hydrogen. To form water, the 100 cubic inches of
hydrogen must have removed, and combined with 50
cubic inches of oxygen; leaving 100 cubic inches of
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oxygen to form sulphurous acid with the whole sulphur
present. As oxyge~, in combining with sulphur to
form sulphurous acid, does not alter itsPvolume ; and as
half the weight of 100 cubic inches of sulphurous acid
@28 is sulphur, amounting to 34°6443 grains; it is
manifegt that this was the weight of sulphur co‘éfained
in the original 100 cubic inches of sulphuretted hy-
drogen ; and if the weight of 100 cubic inches of hy-
drogen, viz. 2'1197 grains, which is the whole quantity
originally present, be added, we then have 36764 grains,
as the weight of 100 cubic inches of sulphuretted hy-
drogen. «From this, by the rule of three, we calculate,
that, as 308115 grains of common air (the weight of
100 cubic inches of it) are to 3G764 grains (the
wetgnt of (he same measure of sulphuretted hydrogen),
so will the number 1:000, or unity, be to the number
expressing the specific gravity of sulphuretted hydrogen,
or 1'1931. 'This is the calculated specific gravity ; ex-
periment has given the pumber almost exactly the same :
Gay-Lussac and Thenard found it 1-1912.—( Thenard,
Traité Elémentaire, i. 234
This gas neither supports*eombystion nor life; it is
one of the most poisonous gasés knowtt ; experiments
* have been made which prove th.t so small an admixture
as 34yth of it with common air is capable of killing a
horse, if breathed; a’ greesfineh instantly died in air
containipg -+, 5th of its volyme : and it has been shown,
that enveloping the body {f a young rabBit in sul-
phuretted hydrogen, the head ‘weing in the open air,
killed 4t in a quarter of an‘ hour. It extinguishes
fladf® instantly, but easily cdtches fire from a candle,
and burns with a bluish flame, provided that the’
jet of gas is in contact with air. A few drops of
sfreng nitric acid let fall into a vessel filled with sule
phuretted hydrogen, sets fire to it. ~I suffered re
injury from an accident of this kind, twelve yeaf§ since,
long before Berzelius announcel® the agcension of sul-
phuretted hydrogen by nitric acid. I had poured*mu- -
riatic acid on sulphuret of antimony in a very large
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matrass ; and while the vessel was partly filled with sul-
phuretted hydrogen, and partly yith common air, I
poured in a littee nitric acid, when instantly the ma-
trass was shattered, and my hands were severely in-
jured. 1In such experiments the two acids should bg
previdisly mixed, before they are poured on the sul-
phuret. ' &

Sulphuretted hydrogen may be easily recognised, even
when largely mixed with other gases, by its power of
blackening silver, and thg dry powder called white lead.
The wood-work of rooms, painted with white lead, is
often darkened by humane exhalations contajning this
gas; and articles of plate are blackgned by the same
cause. .

This gas may be com#nsed by pressure inge'a liqaid ;
but it recovers the gaseous state, with energy, when the
pressure is removed.

Bisulphuretted hydrogen, or Hydroguretted sulphur.
— This compbund contains twice as much sulphur as
the preceding ; th following is an easy process, giverl by
Dalton, for obtaining it :— Let half an ounce of flowers of
sulphywy nd as much slaked lime, be gently boiled to-
gether in "% quart of tain water for one hour ; more
water may be added as i§ evaporates. After cooling, a
clear yellow liquid is obtained. T'o six ounces of this
liquid put half an ounce of muriatic atid, and stir them.
In a short time the mixture exhibits a milky appear-
ance, and this becomes ir.,erspersed with brown oily
dots, which' graduallpmbside into an adhesive master
of a semiliquid form atethe bottom. The liquid may
then be poured off, and the brown matter washed-#ith
water, which is to be poured off. From 20 to 40 grains
of this brown oily substance will be obtained. ¢ If a
_poriion of it 'ouch the skin, it requires a knife to scrape
it off. & When a little of it is applied to the tongue, &'
sensatioh of great heat, and a bitter taste, are felt ; the
saliva becomes ;vhite #ke milk.” When heated, sul-
phuretted hydrogen exhales, and sulphur remains. Very
little is known of the nature of this compound; it is a

P
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feeble acid, and combines with alkaline substances.
From Thomson’s experiments it may be inferred, that,
to form bisulphuretted hydrogen, 100 darts, by weight,
of sulphur, combine with 8:0592 of hydrogen. That
quantity of hydrogen would require but 50 parts of
sulphur to form sulphuretted hydrogen. ¥

Bisulphuret of carbon. — Sulphur combines with
carbon, and forms a liquid which formerly had the
absurd name~of alcohol of sulphur, but is now called
bisulphuret of carbon. 1t may be formed by distilling
the mineral called iron pyrites, mixed with one fifth of
its weight, of newly burnt charcoal, both in fine powder,
from a stoneware retort, coated with Stourbridge clay,
and placed in a furnace. The beak of the retort is to have
a leag glity tube luted to it, ole’end of which plunges
into a vessel of water. By a strong heat a yellow
liquid distils over, and falls to the bottom of the water,
from which being separated, it is re-distilled in a glass
retort with a very gentle heat. Thisliquid is sulphuret
of carbon.

When thue rectified, it is transparent and colourless ;
its boiling point is about 108° ; its specific gravity is
about 1:266: when exposed to air, it evaporates ra-
pidly, and produces intense cald, such is its volatility.
If a thermometer tube, with a bit of muslin tied round
the bulb, be dipped in this hqu:d then included in an
air-pump regeiver, and the ,air exhausted, the evapor-
ation produces such cold Gthat the mereury freezes.
And if a few drops be diffused »n the surfacc of a glass
of cold water, the bisulphure: will begin to evaporate
so rapidly, and such cold wilk be produced, that what-
ever remains will become cased in a shell of ice. It
takes fire at a temperatire very little above that of
boiling mercury, burns away, and is resolved into car-
bonic and sulphurous acids. Its vapour, if mixgd with
oxygen, explodes by the electric spark with considerable
noise: and if mixed with dMutoxide of azote, and
“transmitted through a jet-pipe, it burns with a some-
what greenish beautiful light. It dissolves camphor,
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and is converted into a substance_resembling camphor,
by the action of,a mixture of nitric and muriatic acids.
It dissolves in afcohol and ether, but not in water. It
appears to combine with alkalies and earths. Its smell
is strong and fetid. 100 parts by weight consist of
8483 sulphur and 15°17 earbon. ¢
Xanthogen and Hydrowanthic acid. — Although bi-
sulphuret of carbon does not appear t® be an acid,
a combination of carhon and sulphur is capable of
acting as an acidifiable Base, and forming an acid when
combined with hydrogen., Ia this case, thez combin-
ation of sulphur and carbon constifutes a compound
radical, no doubt gifferent in the ratio of its elements
from the bisulphuret jgnd, when acidified gy hydro-
gen, is to sulphuret of carbon what hyllroeyanic acid
is to cyanogen. On account of the yellow compounds
which this combustible radical is c#pable of producing
with certain metals, it has been called zanthogen (from
Exvbos, yellow), «nd to the alid which it forme by
combination with hydrogen, the name gydroxanthic
acid has been given. It has also been called Aydro-
carbosulphuric acid. o . '
Dr. Zeise, professor of, chemistry at Copenhagen, the
discoverer of this acid, statés, that although bisulphuret
of carbon does not redden litmus, *it neutralises an alco-
holic solution of a purc alkali: Yor the alkali determines
the formation of hydroxaf§hic acid by tffe Te-action
of itself and the alcohq). If a conlentrated alcohglic
solution of potash, neutralised with bisulphuret of car.
bon, be mixed with diluted sulphuric acid, and in a
few moments after with a large quantity of water, a
transparent, oil-like, yellow, strongesmelling liql?fd, is
separated, which should be immediately well washed
with water. This is hydroxanthic acid. Its taste is
acid, antl then astringent and bitter. 1t reddens litmus
paper, and then changeg it to yellowish white. It is
insoluble in water, and is specifically heavier than that
fluid. It is easily inflamed, and while burning dif-
P2
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fuses the smell of sulphurous acid. It is decomposed
by heat.—(Annales de Chim. et de Phys. xxi. 160.)

There are two other acids known, which are com-
posed of the same elements as hydroxanthic acid,
although very dissimilar in their properties: they are
called sogeto-sulphuric acid, pnd sulpho-naphthalic acid.
It will save space to refer vegeto-sulphuric acid to
future consideration. N

Sulphonaphthalic acid is obtained by causing strong
sulphuric acid to act on naphthaline, A red crystalline
compound results : this i dissolved in water ; the solu-
tion is saturated with baryta: sulphate of baryta preci-
pitates, and, beinf separated, the sglution of sulpho-
na; ljthala*\'; of baryta is decomosed by sulphuric acid,
and filteretr. “I'his liquid is the acid required. When
the water is removed, it becomes a white, deliquescent,
easily fusible solid, of an acerb acid taste. It is com-
posed of carbon, hydrogen, and sulphuric acid : the sa-
turc.ting power of the wulphuric acid is reduced to half
by combination with the carbon and hydrogen.

Sulphurets of cyanogen and Sulphocyanic acid.——
Sulphur combines with cyanogen in two proportions,
and forms two distinct compounds. To form the first,
100 parts of cyanogen combine with 31 of sulphur;
but in the second cempound there is four times that
quantity of sulphur. ‘Ihe latter sulphuret of cyanogen
is knowu to-act the part of an acidifiable bmse, and by
combining with liydrogen to form an acid, which is
cafled hydrosulphocyanic acid, or, simply, sulphocyanic.
This acid is capable of crystallising at a very low tem-
perature : its smell resembles that of acetic acid: its
taste is sour. But.its chief distinguishing property is:
its producing a deep blood-red colour when dropped
into any solution which contains peroxide of iron: the
two substances act as tests of each other’s presence.
This acid combines with sulphuretted hydrogen, and
forms hydrosulphuretied sulphocyanic acid.

Chloride of sulphur.— If a glass flask be filled with
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dry chlorine, and a bit of sulphur introduced, they will
combine if heated, and form a réldish coloured liquor,
which smokes in the air. Its specific gravity is 1-700:
it boils below 200°. It does not manifest acid pro-
perties. It decomposes water, the oxygen of whith
combines with some of thg sulphur, forming suéphurous
and sulphuric acids ; the hydrogen combines with the
chlorine, forming muriatic acid, and spme sulphur is
precipitated. ”

Secrion I1X.

g ELFNIUM.

The substance now to be considered is nearly allied
to sulphur in its nature, although sit in some respects.
partakes also of the nature of a metal. There is a
copper-mine in 3weden, near ¥ahlun, celebrated for its
antiquity, and its cnormous produce. Besides copper,
the mine affords vast quantities of iron combined with
sulphur, and to such extent, that it has been found
worth while to extract_the sulphur, although it is ex-
ceedingly impure. The sulphur is consumed in the
manufacture of sulphuric acid.s After the combustion
and acidification of the sulplwr, and the absorption of
the acid fumes® by the Water used in shesprocess, a
reddish brown substarce is found t» subside, consisting
of a great proportion qf sulphur mixed with othér in-
gredients. If some of this reddish brown substance be
strongly heated, it emits a pungent smell resembling
that of horseradish.

By complicated processes, it is possible to separate
the odorous substance from the reddish brown matter.
This substance seems to partake of its sulphurous
origin; for it in many respects resembles sulphur in
its properties : and, on the other hand, it possesses so
much of the metallic character, that its discoverer, Ber.

P 3 :
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zelius, did actually pronounce it a metal. At first he
mistook it for the metal called tellurium ; but afterwards
he ascertained that they are different substances, yet
resembling each other in some of their qualities. Tel-
Iftium having been so named from feflus, the Latin
name of our planet, Berzelivs named the new metal, as
he considered it, selenium, from ceAyyy, the moon,—
thereby suggesting the relation of the two metals by the
relation of the two planets.

Since the discovery of this 'substance, it has been
found in the pyrites of the isle of Anglesey, and may
be detectéd in the sulphuric acid manufactured from
the sulphur extracted from that mineral. It has been
also,found;gn the sulphur of otksx countrics.

Seleniumt, wilder certain circumstances, has consider-
able metallic lustre; but it has not the opacity of a
metal ; for, when relduced to thin plates, it is semitrans-
parent. Unlike a metal, it is a non-conductor of elec-
tricivyy ; and, unlike sulphur, it is a non-clectric. Its
colour varies according to circumstances : if examined
by transmitted light, or, in plain terms, if looked through
as a transparent body, it appears reddish ; but if seen
by reflected light, that is, looked at in the ordinary
manner of opaque bodies, it is feaden gray and brilliant.
It breaks with a vitreous fracture, somewhat like sul-
phur ; and it may be redticed to a powder, which is red
coloured.~ ‘Eike sulphur, al¢s, when shbjecf®d to heat
in a large glass globe, it sublimeg into flowers, but of a
reddish brown colour ; while.in vapour its colour is
yellow, somewhat like the vapour of sulphur. At the
temperature of 212°, it softens; and if heated a little
more, it melts: at a little above 600° it boils, and
distils over into drops of a metallic appearance. When
it-has been fully melted, it will preserve, while cooling,
a certain degree of ductility, and may be drawn out
into threads like sealing-wax ; and these have a metallic
fustre, although somewhat transparent. It is insoluble
in water. Its specific gravity is 4°300. In the flame
of the blowpipe it disappears, communicating an azure
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colour to the flame, and a highly diffusible smell of
horseradish : sush are its characteristic qualitics.

Oxide of selenium.—Selenium combines with oxygen,
and forms an oxide and two acids, the properties gf
which have not been fully ascertained. The oxide exists
in the form of a gas. It¥may be produced by‘heating
selenium in a flask of common air.

Selenious acid may be formed by passiffg oxygen over
selenium heated to abogt 600° in a small vessel, from
which it cannot readily escape in vapour ; the selenium
takes fire, combines with ¢kygen, and forms the acid in
question. 1t sublimes into crystals, the form of which
somewhat resembl@s those of nitre. While in vapour, its
colour is yellowish g®®h, resembling chlogpe. Imis
very soluble in water and strong alcohol ; the taste of
its solution is acid, and a little acrimonious ; its aqueous
solution, when concentrated, crystallises. 7The same
acid may be_forrred by the action of nitre or nitromu-
riatic acid on selenium: a solution is effected ; and this,
when evayorated to dryness, affords a vhite mass of
selenious acid, which may be crystallised either by sub-
Iimation or in the usual manner. ¢

Selenic acid. — By means of a new addition of oxygen
to selenious acid we obtain selenic acid : and here, again,
is observable the resemblance of Selehium and sulphur';
for selenic acid pessesses many of the propgxties of the
sulphuric. Selenic acid i:Kecompowd, at so low a tem-
perature as 5369, into elenious acid and oxygen. Wehen
mixed with water, it cfuses a considerable elevation of
temperature, just as sulphuric acid would. If to its
aqueous solution some muriatic acid be added, and a
plate of zinc or iron be immersed, selenium is reduced
in the form of a powder, the colour of which varies.
This precipitation, by means of a metal, corresponds
with the pseudo-metallic nature of selenium. To form
selenious acid, 100 parts of selenium combine with 40
of oxygen ; and with 60 to form selenic acid.

Seleniuretted hydrogen.— Another point of resemblance
subsisting between selenium and sulphur is, that both

. P4 -
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bodies combine withy hydrogen, and form a fetid gas,
which possesses the properties of an gcid. By acting
on a combination of selenium with iron or potassium, by
rgeans of muriatic acid somewhat diluted, a combination
of hydrogen with selenium will be evolved in the form of

a transparent and colourless {sas. One of its most strik- -

ing properties is the effect which it produces when even
the srallest qtantity is snuffed up ihe nostrils : there is
a painful irritation produced, which gradually diffuses
itself down the throat, accompanied by a temporary loss
of the sense of smelling, "2 violent cough, and consider-
able expectoration,; all of which unpleasant effects con-
tinue for many days. It is the opfinion of professor
Bomelius,Rha to inhale muclfuf this gas might be a
dangerous experiment.

This gas, in conformity to the names given to other
combinations of hydrogen with inflammables, is called
selepiuretted hydrogen. , Its smell resembles that of sul-
phuretted hydrogen. It consists of 100 parts of selenium
combined with 2:5 of hydrogen. It is copiously absorbed
by water; and the liquid produced, like sulphuretted
hydrogen, possesses*the proporties of an acid, and pre~
cipitates metallic salts ; it staiws the skin of a brown
colour. Selenium combines with sulphur, chlorine, and
carbon. ¢l

L]
- = [ L

¢ Secrion X,
.

PHOSPHORUS,

This well known substance, though sold at the low
rate of 3s. per ounce, is prepared by an exceedingly
difficult process. Several methods of preparation have
been given, all of which have their disadvantages.
Macquer gives, from Hellot, a process which occupies
seven pages. To make an ounce of phosphorus, the
first step is to evaporate three hogsheads of fetid ugine
to dryness, This specimen is enough ; it is not neces-
sary to describe the process further, It is no wonder

-



CHAP. 1. PHOSPHORUS. 217

that Scheele’s method of makingeit from bone ashes
was univeisally ynployed as soon as discovered. But
even this mode is wasteful and excessively troublesome.
Bone ashes, decomposed by sulphuric acid in the man-
ner hereafter deseribed, are but partially acted on: much
of the bone remains unalbered, unless a large *ratio of
sulphuric acid be employed ; and this excess gives rise,
in the common process, to much trouble, foss, and, Jimi-
nution of the product. ,

In order to obtain phosphorus, prepare pyrophos-
phoric acid* from bone aghes] in the manneg hereafter
described. It must be perfectly dry, and immediately
reduced to powderin a hot mortar, and mixed with half
its weight of newly m%®: charcoal in fine pgwder. An
carthenware retort must be in readiness, rightly pre-
pared : its pores must have been closed by washing with
a mixture of two parts of finely powdered borax, one of
powdered lime, .nd a little water ; so that a coat of glass
will be formed on it during the incandescence 0; the
vesscl. It must then be evenly coated over with a mix-
ture of Stourbridge clay and pounded crucibles, mixed
with cut tow and a littl€ water, and allowed to dry slowly.
The retort, charged wish the above mixture, is placed
in an air-furnace, with an opening hefore to admit the
neck, which should have a wide ‘copber tube, 20 inches
long, luted to it; the other end, to prevent access of air,
being immersed in a basth of watgr so as 1o be barely
covered. The belly of the retort is supported gn a
brick lying on the bottdm of the furnace. The fuel,
compactly disposed all round the retort, must now he
kindled; and the heat, kept very moderate for two hours,
must be increased until it become fierce. Much gas
bubbles from the surface of the water, which burns bril-
liantly when the bubbles burst in the air: lambent lu-
minous fumes undulate through the air over the water
in a singular and beautiful manner; and at length vapour
of phosphorus condenses in the copper tube, which must

* This is the substance that was formerly called glacial phosphoric ccsd.



218 ELEMENTS OP CHEMISTRY. PART II.

occasionally be drawp down with a wire, and left in the

water. This is impure phosphorus: it will be a suc-

cessful process, if the phosphorus weigh one quarter the
uantity of vitreous pyrophosphoric acid employed.*

Another method is, to decompose bones by sulphunc
acid, as'hercafter described ; tand when the acid is washed
out, it is mixed with solution of sugar of lead. The
sed‘ugpnt or precipitate, that appears, is separated, per-
fectly dried, mixed with one sixgh of its weight of lamp-
black, and distilled as before dirceted.

I have gone through the process for obtaining phos-
phorus very many times ; and may venture to state, that
unless all the conditions above descfibed are complied
wigh, therg,wﬂl cither be no pr¥uuct, or a deficient one.

Phosphorus, when pure, is transparent and colourless: 1
have sometimes obtained it nearly as much so as an irregu-
lar mass of glass : bieached bees’ wax will give a good idea
of newly distilled phosphorus, as to the degree of solidity,
and‘the manner in which it cuts with a knife.-:It melts
at 108 ', accoxling to Dr. Thomson ; but this imust take
place under water, for it would burn at that temperature in
the air. It is slightly soluble in both fixed and volatile oils,
in alcohol and ether. It boils 2554, but, in a vacuum,
evaporates gradually at 219°. Its specific gravity is1°748.
1tis capable of crystalhsmg into octahedrons, or, as others
say, into dodecahedrons. inctlon or percussion sets
fire to it.” Tetters JHr lines traced with it appear lumin-
ous,in the dark: but there is dunger in the tracing, as
the phosphorus often takes firej and by melting falls on
the person’s clothes, and it is almost impossible to ex-
tinguish it: the best way is to smother the flame with
a very wet cloth held firmly pressed on the part. It
may be distilled in a retort, if the air be exhausted : this
method answers for purifying it from charcoal, which
generally fouls it when first distilled: but an easier
method is to tie it up in a piece of glove, or alum-leather,
to immerse it in cold water, and gradually heat the water
until the phosphorus melts: by pressing the leathern

* Dr. Higgins, Minutes of a Philosophical Society, p. 254
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bag under water, the phosphorus will strain through the
pores quite pure, jn the same way as mercury would. It
should be preser‘;ed under water ; as, even at ordinary
temperatures, it undergoes a slow combustion in the air.
Phosphorus burns in common air with a brilliant whit®
light, but in oxygen gas the gombustion is transcefidently
brilliant : white fumes are formed in abundance, which
condense into a solid,acid. When introduced into chlo-
rine at ordinary temperatures, it takes fire also, and’burns
with splendour: a smoké& arises, which condenses into a
dry chloride. According te D». Bache, of Philadelphia,
it is inflamed by pdwdering it with animal cliarcoal at
60°. 1ts combinations are very numerous.

The compounds of phesphorus with oxygen, have beﬁ:
investigated by several chemists of emiftnce, but t
knowledge of them acyuired is not commensurate with
the labour that has been bestowed on them. It is, as
yet, mere matter of supposition, that phosphorus com-
bines with-¢®ygen so as to form 4n oxide. But it readily
forms compounds which have decidedly acjd properties.
Three such arc hnown: they are called, 1. Phosphoric,
of which there are twoevarieties, phosphoric and pyro-
phosphoric acid ; 2. Phogphorous ; and, 3. Hypophos-
phorous acids.

Phosphoric and Pyrophosphorictaci®s. — When phos-
phorus is exposed to common ir, at its ordinary tem-
perature and degrec of moisture, it undergdes a slow
combustion, and absorbg oxygen: it 1s luminous in
dark, and emits luminous smoke, which has a strong
odour of garlic: the surface becomes moist, for the
moisture of the air is absorbed as well as the oxygen :
the moisture trickles down; more is formed; and at
length the whole is transformed into a dense liquid, of
an exceedingly acid taste. This has been by some con-
sidered a distinct acid, and it obtained the name of phos-
phatic or hypophosphoric acid. It is at present, however,
believed to consist of a mixture of phosphoric and phos-
phorous acids. The higher the temperature at which
this process is conducted, the more speedily the changes
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take place ; and the quantity of acid will be greater, if
a bell glass be kept over the phosphorus, the contaimed
air being often renewed.  In order to convert this dense
acid liquor into pure phosphoric acid, expose it in a state
Of considerable dilution for a Jong time to the air, in
order v absorb oxygen ; or, add nitric acid to it in pro-
portion of one twelfth the weight of the original phos-
phorus ; cvaporate by heat; oxygen is taken from the
nitri%racid. When the mass is dry, cxpose it to a red
heat for a few moments in a platinum crucible. The
resulting substance is the variety called pyrophosphoric
acid. IY it be dissolved in water, and the solution laid
by for some days, it is converted into phosphoric acid,
although not the slightest chagge has been produced in

e elemetits or their ratio.

Another process, less tedious, but not so safe without
great caution, is te:throw bits of phosphorus, not exceed-
ing the size of small shot, one by one, into warm nitric
ackd, waiting each time antil the effervescc..ce-cease, The
phosphorus should not exceed one twelfth of the weight
of the nitric acid : the former takes oxygen from the
latter.  Should the chemical action become violent, the
vessel must be immersed in cold water. When the
solution is complete, it must be evaporated to dryness,
heated to redness.in a platinum crucible, and treated as
before. .

A mutfi'more economical method of preparing phos-
phoric acid in thé large way, when the ultimate object
is the preparation of phosphgrus, or when the acid is
not required to be chemically pure, is the following : —
Diffuse 20 pounds of powdered white bone ashes in 20
gallons of boiling water ; gradually add 10 pounds of
sulphuric acid diluted with 10 pounds of water, and
keep the mixture stirring until all apparent action cease.
Throw the whole into a cotton filtering bag, and occa-
sionally press the sides of the bag so as to agitate the
mass, and let 10 gallons more of water run through
to wash out the acid. Neutralise the acid liquor
with carbonate of ammonia ; and when it clears, decant
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and evaporate in a leaden boiler to a small quantity.
Pour this matter, while hot, into a ti#in glass balloon, and
place it on sand M a reverberatory furnace. - Continue
the heat until the bottom of the balloon is red. A hard,
colourless, transparent phosphoric glass will remaimny
which, by breaking the balloon, may be casily detgched.*
This is pyrophosphoric acid, which, by being dissolved
in water, and laid by for some days, becomes phos-
phoric acid. ¢ »~»~

From all that has beem ascertained on this subject, it
would appear that phosphorig acid is only known as
existing in the liquid state. If it be evaporated, and
heated to such a temperature as may be judged capable
of expelling the chief_pgrt of the water, it is changed
into pyrophosphoric acid: and the samg cRange tai®s
place when the acid exists in a salt combined with an
alkali. Although between phosphayic and pyrophos-
phoric acid there is no known difference of composition,
the propestias of each are esseatially different. Pyro-
phosphoric acid produces, with oxide of silver, a white
salt ; phosphoric acid a yellow one: the former is a less
energetic acid ; it has Igss saturating power, and is even
separated from its combinations by phosphoric acid.
This is another proof of®he position laid down in other
parts of this volume, that bodics of, the same compo-
sition with regard to rclativesquantity and identity of
elements, may be quite different as to propeviiss, in con-
sequence of some unknown differe®e in the manner in
which the constituents‘a.re combined. The name pyro-
phosphoric acid is given to this substance, to indicate
that it owes its origin to the action of fire on phosphoric
acid.

When phosphorus is rapidly burnt in a large vessel
filled with dry oxygen or common air, a white smoke
arises, which soon condenses into white flakes: these
are anhydrous pyrophosphoric acid. They are deli-

* Dr. B. Higgins, Minutes of a Phﬂonorh'\cal Society, p. 252. 1fthe acid

is Intended for making phosphorus, it willanswer in the state of pyrophos.
phoric acid.
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quescent, and, of course, readily soluble in water ; they
dissolve with a rema.kable hissing noise. Indeed, such
is the affinity of this acid for water, that even in its
vitreous state it retains a small quantity which no heat
will expel; for the compound of acid and water is
volatiliged at a bright red heat, if long enough continued.
‘When pyrophosphoric acid is allowed to deliquesce, it
is converted into phosphoric acid, owing to the length
of tim~ which "elapses before it is liqucfied.

Phosphorous acid. — Although it has been stated
above that phosphorus burnt in the air affords pyro-
phosphori-~ acid, this is ‘only true when phosphorus is
heated to 148°, tke point at which it takes fire, so as to
burn rapidly and with full sp]cndour, and when a fully
swlicient s.pply of oxygen or cotnion air had access to
it.  But if phosphorus be heated in a glass tube, the
orifice of which is drawn out so small as greatly to
obstruct the ingress of air, it will burn with a feeble
greenish light, and became phosphorous agid,, This is
a white, powdery, volatile substance: it has a strong
affinity for water, and will absorb it from the atmo-
sphere, so as to deliquesce into @ dense oil-like liquid.
With one fifth of its'weight of water it forms a hydrate,
which is capable of crystallising. When the dry_powder
is heated in the open gir, it takes fire, absorbs oxygen,
and produces pyrophospheric acid: but when heated in
a close vesse!l, it is changed into the same from a dif-
ferent cause ; for on. portion is deoxidated, phosphorus
sublimes, and its oxygen combine8 with the phoq)horous
acid. When hydrate of phosphorous acid is heated in
close vessels, it affords pyrophosphoric acid, and phos-
phorus dissolved in hydrogen gas. If phosphorus be
burnt’ in rarefied air, we obtain pyrophosphoric and
and phosphorous acid, and a red substance supposed to
be oxide of phosphorus.

The best mode of obtaining phosphorous acid is to
pass the vapour of phosphorus through a glass tube,
containing powdered corrosive sublimate ; “a limpid
fluid comes over, which must be mixed with water,
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and the solution heated until it is of the thickness of
syrup. Itis a combination of water and pure phos-
phorous acid: ity forms a white crystalline acid on
cooling.”—(Davy.) Corrosive sublimate is a compound
of mercury and chlorine: the phosphorous vapour
seizes on the chlorine, forms a limpid fluid chloride:
the chloride of phosphorus iy decomposed by the water ;
the hydrogen of the water combines with the chlorine,
and forms muriatic acid ; while the oxygen of th?ater
unites with the phosphoyus, and produces phosphorous
acid. By heating, the muriatic acid and most of the
water are expelled ;_the aciel réinains pure, ang, if suffi-
ciently concentrated, will crystallise ingparallelopipedons.
Hypophosphorow® acid. — Besides the foregoing two
acids, there is this otl®® which contains 2 lass rationgf
oxygen than phosphorous acid. By combining phos-
phorus with lime, a compound is produced, which
decomposes and is decomposed by water : the hydrogen
forms a gaseous compound with a little phosphorps ;
and the oXygen unites with the remainder, and produces
phosphoric and hypophosphorous acids, both of which
combine with the lime ; the former producing an inso-
luble, and the latter a %oluble compound. The phos-
phate of lime being filtened off, the clear liquor must be
mixed with dilute sulphuric acid, which, having a greater
affinity for lime, will detach the l'lyp(')phosphorous acid.
The most remarkable feature in the history of this acid
is, that all its combinations with allalics and earths are
soluble in water. o .
With regard to the r#tio in which phosphorus and
oxygen combine to form the three compounds—phos-
phoric, phosphorous, and hypophosphorous acids—there
has been much discordance amongst the statements of
chemists. The following represents the latest results,
the elements being represented in parts by weight: —

) Phosphorus. Ox.
Hypophosphorous acid consists of 4 combined with 1
Phosphorous acid - - - 4 - - 9

Phosphoric acid - - - 4 - - 5
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Phosphuretted and perphosphuretted hydrogen. — By
heating phosphorus «in hydrogen, a solution of a small
portion only is cffected. There arg, two compounds,
consisting of these elements in different proportions:
they are commonly called phosphuretted hydrogen, and
perphosphuretted hydrogen. They may both be formerd
from a combination of plosphorus and lime, called
phosphate of lime, which is to be prepared by heating
smal, bits of swell-burnt lime in the middle of a long
eartheiiware tube, sealed at one end, and having a piece
of phosphorus kept cold at the sealed end, while the
middle part is heated acrosc a chafing-dish of burning
charcoal. When the lime is red-hot, the end containing
the phosphorus must be heated so a» to convert it into
vapour ; this, by passing thro&g. the lime, will be ab-
sorbed, and will form a brown substance, which is
phosphuret of lime. It is a troublesome and difficult
process: if the onject be merely to procure a sponta-
neously combustible gas from the phosphuret of lime, it
may be accomplished with much less diffitiicy. Throw
a piece of phosphorus into a cold crucible ; and having
heated some coarsely powdered roche-lime in another
crucible to redness, pour it suddenly over the phosphorus,
so0 as to cover it to the depth of two or three inches.
There will be considerable inflammation, which may be
checked by mstamly hllmg up the crucible with sand.
When the crucible is cold, the matter must be hastlly
taken out, and the hrownest portions put up for use into
a bottle to be well stopped ¢

When this substance is threwn into a glass of water,
an instantaneous decomposition of a part of the water
commences, which goes on for a length of time. Some
hydvogen is evolved ; but the chief part of the hydrogen
combines with as much phosphorus as forms perphos-
phuretted hydrogen ; and cach bubble of this gas, on
reaching the surface, spontaneously catches fire by
intermixture with the oxygen of the air. A small cloud
of white smoke, in the form of a ring, ascends from
each bubble, widening as it rises, and mantling in a



CHAP. I PHOSPHORUS. 225

singular and beautiful manner. This smoke is,white,
because it contains solid pyrophosphoric acid in a state
of minute dividdon. If the glass of water be intro-
duced under a bell glass of oxygen or chlorine, the com=
bustion of the gas is more brilliant: with the former
gas the flame is white, with the latter greenish® but in
either case there should bd but very little of the phos-
phuret of lime, as the gas, when mixed with oxygen or
chlorine, burns with violence. The oxygen 7of the
water decomposed by tHe phosphuret of lime also com-
bines with phosphorus, angl forms phosphoric and hypo-
phosphorous acids®» ’

1f pure perphesphuretied hydrogen is to be collected,
it should be genergiglain a very small retort, filled, to
the top of the beak with water acidulated({y muriatic
acid : two or three lumps of phosphuret of lime must
then be thrown in at the beak; and, as they sink,
the beak must be plunged in the mercurial pneumatic
trough. =ss.s will be formed, Wwhich should be collebted
in jars, filled with and preserved over megeury. Much
should never be aept in one vessel ; for there is risk of
accidental intermixtureswith commpn air, which would
causc the explosion of the gas.

When phosphuretted hydrogen is exposed to the light
of the sun, or is allowed to remain for some time in
vessels, no matter whether over water or mercury, ex-
cept that in the latter case the change is proauced much
more slowly, the gas parts with a third of its phos-
phorus, and is convertgd into the same volume of
phosphuretted hydrogen. This gas is not spontaneously
explosive or combustible when mixed with common air
or oxygen ; but, if let into chlorine, it burns spon-
tancously. A very remarkable property of this gas is,
that, when mixed with oxygen, rarefaction causes them
to explode, as condensation produces explosion in other
mixed gases; or the mixture will detonate by the
electric spark, or by being heated to 300°. It may be
here observed, that phosphuret of lime, if acted on by
concentrated muriatic acid, evolves phosphuretted hy~

Q
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drogen ; but if the acid is diluted, perphosphurctted
hydrogen is the result. According to Thomson, 100
parts by weight of hydrogen combine With 16 of phos-
phorus, to form perphosphuretted hydrogen, and with
10:666 to form phosphuretted hydrogen.

Chlortles of phosphorus. — A compound of chlorine
and phosphorus may be formed by passing. the vapour
of phosphorus .through powdered ¢orrosive sublimate.
The fat r, which is a compound of chlorine and mer-
cury, is decomposed ; its chlorine combines with the
phosphorus, and forms a fuid as clear and colourless as
water ; this is chloride of phosphort.. It is not in its
own nature acid; but when acted on by, water, it becomes
acid in the manner alrcady desgribed.  1f exposed to
the air, it evaporates in smoke for the most part, but
leaves a little phosphorus, which speedily burns. Its
vapour burns at the candle.

Perchioride of phosphorus may be formed by intro-
ducing chlorine into a rceiver previously e usted of
air, and contgining phosphorus.  “ The phosphorus
takes fire, and burns with a pale flame, throwing off
sparks ; and a whitg substance.rises and condenses on
the sides of the receiver.” — (Dnuvy.) This is a snow-
white powder ; it is very volatile, and evaporates at a
heat below 212°; under pressure it may be fused, and
it then crystallises into ‘transparent prisms. It acts
violently on water, and decomposes it: the oxygen and
phospliorus form phosphoric acid, and the hydrogen
and “chlorine produce muriatic geid. It is analagous to
an acid in many of its properties ; its vapour reddens
dry litmus paper.— (Davy.)

Plosphuret of sulphur. — Phosphorus and sulphur
combine in various proportions, but the exact ratios are
not known. The combination, if effected by heat,
sometimes takes place with combustion and explosion.
Phosphurcts of sulphur are often used for obtaining in-
stantaneous light: a sulphur match is dipped in the
compound, and then rubbed on a‘ piece of cork, which
produces immediate combustion. A better contrivance
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is the following : — Throw a bit gf phosphorus into a
small phial, kindle it, and allow it to burn for about
two seconds ; théh extinguish it by corking the bottle.
The substance in the phial is now somewhat red ; it js
supposcd by some to be an oxide of phosphorus: it 1s
so combustible, that it spontancously takes firé in the
air. If a sulphur match be dipped into it, a particle
adheres to the match, and inflames ow drawing the
match out. 1 believe the following to be the tlfgory of
the process:—The phodphorus continually deprives the
air in the phial of its oxygemw; it is, therefore, con-
tinually in an atm®pherc of azote, and it is thus pre-
vented from burngng. When the match draws out a
particle, the latter take~ &'re as soon as it is hyought oy
of the atmospherc of’ azote into common ‘air; but the
remainder of the phosphorus is protected from catching
fite by the azote which surrounds it. ®

Skecrion XI. o

The substance called fluorine has never yet becn
obtained in a distinct form ; the assumption of its
separate existence may, thercfore, be tonsidered an hy-
pothesis, though supported by‘the strongest analogies.
Provisionally, a name has been givey to it : it exists in
the mincral called Auog spar; and is called Afuoriye.
Fluor spar is otherwise called Derbyshire spar, or fluate
of lime ; but its proper name is fluoride of calcium. 1f
some of this mineral in powder be distilled with strong
sulphuric acid, from a leaden retort, into a leadenere-
ceiver kept cold with ice, ‘“an intensely active fluid is
produced. It has the appearance of sulphuric acid, but
it is much more volatile. When applied to the skin, it
instantly disorganises it, and produces very painful
wounds. When it is dropped into water, a hissing
noise is produced, with much heat, and an acid fluid is
formed.” — ( Davy.)

Q2
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This substance is galled hydrofluoric acid, because it is
supposed to consist of fluorine as a base, combined with
hydrogen, to form the acid in the sarfe manner as hy-
drogen acidifies or is acidificd by chlorine. Hydrofluoric
acld, thus prepared, contains no water ; yet it cannot be
obtained by distilling fluor spar with sulphuric acid,
unless the latter contain whter. The rcason is, that
hydrogen is .necessary to the existpnce of hydrofluoric
acid : fhe water is, therefore, decomposed ; and while its
hydrogen unites to fluorine, it¥ oxygen combines with
the basis of the lime present in fluor spar, which basis
is the métal calcium. Such are #he opinions which
were supported by sir H. Davy, and first suggested by
M. Amperg. ..

But a différent view has been taken by MM. Gay-
Lussac and Thenard, of the naturc of fluor spar, and
of the changes which take place during its decoms
position. It has been supposed, that it is composed of
limé united to an acid;’ to which the name-fuoric has
been given, gonsisting of a base, which may be called
fluorine, and oxygen. If sulphuric acid be poured on
this compound, it seizes on the Eme, and detaches fluoric
acid. Were it objected to this theory, that the fluor
spar is not decomposed by anhydrous sulphuric acid,
the answer would be, that fluoric acid cannot exist with-
out water ; and as watef cannot be supplied by an acid
which does not contain it, neither can that acid separate
fluoric acid from fluor spar. But there is an{)ther fact
which is not so easy of explanation : although anhydrous
sulphuric acid does not decompose fluor spar, anhydrous
muriatic acid does, and hydrofluoric acid gas is evolved.
But this phenomenon becomes easy of explanation, on
the hypothesis of Davy and Ampere, if it be admitted,
with these philosophers, that to form the acid in ques~
tion, fluorine combines with hydrogen instead of oxygen;
that the acid can exist without water; and that fluor spar
is a compound of fluorine and the metal called calcium.
Muriatic acid consists of chlorine and hydrogen : if this
compound be made to act on a compound of fluorine
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and calcium, a double decomposjtion takes place; the
chlorine combines with the calcium ; and the hydrogen
combines with the fluorine, forming hydrofluoric acid.
‘We therefore, on this view, are able to assign the reason
that, in order to decompose fluor spar, there must
water in the sulphuric acid, although there nee® be none
in the muriatic ; for it is ﬂydrogen, not oxygen, that is
required. . . )

According to this view, which is now genetally ad-*-
mitted, fluor spar is & fluoride of calcium, and not a
fluate of lime, as the othershypothesis supposes : and
hydrofluoric acid cBntains neither water nor oxygen ; as,
indeed, has beert shown experimentally by Davy.

Hydrofluoric acis waokes in the air; i discharges
fumes of an acid, penetrating, and suff8cating nature ;
it is so volatile, that it can with difficulty be prevented
from escaping ; and so universal And energetic is its
agency, that it is not ecasy to find an available material
for confizdug it; bottles of I%ad or silver, with ‘Close
stoppers, succeed. When anhydrous, its gccific gravity
is 1'06: but it possesses the property of having its
density increased by tlee addition of water, which is a
lighter liquid : it may pe thus brought to the specific
gravity of 1'25, considerable heat being at the same
time developed. 1t reddens vegktable blues. In smell
it resembles muriatic acid. ‘It is most destructive to
life. -

By means of the powerful decomposing agency of
galvanism, sir H. Dawy endeavoured to resolve this
acid into its constitucnts. But he could only produce
an exceedingly small quantity of a combustible gas,
which he conceived to be hydrogen ; and of a choaolate-
coloured powder, which corroded the platinum wire round
which it collected, and which must have consisted of a
constituent of the acid and platinum.

Q3
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Skerion XII.  “

Flint had, for a lcngth o{ time, been supposed to be
an carth, analogous in composition to the other earths.
When the metallic nature of the éarths in general was
in progress of being ascertained, {t was naturally expected
that silica, or the matter of flint, would also prove to be
a metallie. oxide. Experiment, however, failed to dis-
close such a composition ; on the confrary, it has been
shown that, as far as investigatign has been able to reach,
it Dase is bf 2 nature very different from metallic, and
agrees with a distinct class of bodies. It may be ob-
tained by the following process : —

Let fluor or Derbyshire spar, and glass, (one of the
conrtituents of glass is flint,) both in powgeg, be mixed
with strong sulphuric acid, and heated in a glass retort ;
a gas arises, ‘which, after it has expelled all the common
air, may be collected in the usua] manner over mercury :
let a piece of metallic potassium be heated in this gas
until it takes fire. After the cbmbustion, the potassium
will be found converted into a brown matter, which,
when thrown into water, decomposes it, and evolves hy-
drogen ; foritis a compound of the base of silica united
with potassium, the 9atter of which takes up the oxygen
of the water, and the former combines with a Portion of
the hydrogen. The brown powder must be washed with
Iarge and frequent effusions of water, and dried. This
is a compound of hydrogen, and the base of flint: if it
be heated in the air, the hydrogen burns ; if it be heated
in a close vessel, the hydrogen is expelled and the pure
basis of flint remains: it is called silicon : it very much
resembles boron in its appearance, and in its relations to
other matter.

Silica, or Silicic acid.—It issilicon, that, when com~
bined with oxygen, forms the substance to which the
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several names silica, flint, quartz, rock crystal, &c. have
been given. But the compound, instead of being an
earth, turns outdto be an acid: and to obtain it in the
state of an acid, no such difficult process as that just de<
scribed need be had recourse to : all that need be déne,
is to heat a picce of flint red-hot ; throw it imto water,
to make it pulverisable; then reduce it to a fine powder,
and melt it with dry carbonate of potagh in a crucible.
When cold, throw it into dilute muriatic acie ; filtergc .
and evaporate the solution to dryness. Wash this pow-
der, first with dilute murjatig acid, and then frequently
with water ; and shen dryit.  This is silici€ acid : itis
a gritty, white, stgsteless powder.

It neither has ag gid taste,* nor redde.ns vegetable
blues ; it manifest#1ts acid properties byscombining \\Rl;h
alkalies, earths, and metallic_oxides, in definite quan=
tities, and with such force of affinity, that it is not easy
to decompose the compounds.  Flint glass is a salt of
this kinde; 4 is a silicate of sdla and lead. It must be
admitted, however, that its acid powerg arc not very
decided. °

Silicon does not easily combine with gaseous oxygen,
although it does readily with oxygen solidified in cer-
tain combinations. THus, if mixed with carbonate of
potash, and heated very moderatelys it burns, and takes
oxygen from the carbonic acid® the silicon becomes silicie
acid, which remains in combinagion with the potash.
Silica, or silicic acid, is composed of equal weights of
silicon and oxygen. *

Fluosilicic acid. — Hydrofluoric acid has the pro-
perty, which no other acid possesses, not only of taking
the silica from flint-glass, but decomposing it, ang, hold-
ing its silicon dissolved in the gaseous state. In this
case the silica parts with its oxygen; the hydrofiuoric
acid loses its hydrogen: the former is reduced to the
state of silicon, the latter to that of fluorine. The sili-
con and fluorine, in this nascent state, combine, and form
an acid, It is difficult to determine which is the base
and which the acidifier: but it is known that the com-

Q4
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pound is an acid, and the name of fluosilicic acid has
been given to it. It may be readily obtained*by mixing
glass and fluor spar, both in powder, with strong sul-
phuric acid, in a glass or leaden retort, and applying
heat ; fluosilicic acid gas is discharged abundantly. The
theory of its formation is obvious from the foregoing
observations. .

This gas is very heavy: 100 cubic inches of it weigh
11077 wrains; hence its specific gravity is 3-631.—
(Davy.) Dr. Thomson estimatés it 3:6. It produces
white fumes when it is diffused in the atmosphere.

This gas, when brought in contact with water, is par-
tially decomposed By and decomposes it.r Oxygen passes
from the water to pari of the riljcon, forming silica,
wlich is depos:ted in the state of gelatinous hydrate:
and the hydrogen of the water combines with the re-
maining unaltered fluosilicic acid, and converts it into a
totally different acid, called hydrofiuosilicic acid. This
acid ‘euters into combination with many busese its taste
is sour. The hydrate of silica, obtained in the process,
is soluble in Water.

‘The action of hydrofluoric acie! on silicon, cven when
contained in glass, has been made available for the pur-
pose of etching on glass. Thé" casiest mode is to coat
the glass with a varnislf made of spirit of turpentine and
wax, on which, when dry¢ the drawing or writing is to
be traced with a ncedle, cutting through the varnish
down to the glass. A margin of wax being thgn raised
rounii the glass, the hydroﬂuonc acid, diluted with
water, is to be poured on: in a few minutes the whole
may be plunged in water. 'The varnish being removed,
it wil] be found that the lines traced by thc needle are
corroded into the glass ; and beautiful etchings are often
thus executed.
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Skcrion XIII.

The substance called borax has long been aused in
the arts and in medicine ;9but it is only of late years
that any thing is accurately known of ity composition.
If borax, which had been melted in the fire awd then
powdercd, be heated inténsely with a tenth of its weight
of fine powdered charcoal, jn a gun-barrel closed at one
end, a black powdersis obtained, which must be several
times washed wish, hot water, then with muriatic acid,
and finally with water @gain. 'T*he resulting powder,

- when dried, is of a*blackish olive colous: 1t contai
some charcoal: but the other ingredient is horon. In
this state it is sufficiently pure for ordénary experiments :
to obtain it perfectly pure, boracic acid must be decom-
posed by gstassium. Pure borBn is an opaque, bro¥n-
ish olive powder. infusible, and not vobqtﬂe in any
temperature to which it has as yet been &xposed. It
neither dissolves in nom acts upon water: it bears all
degrees of temperature, under 6()O°, without change ;
at about that hcat it takes fire, and combines with oxy-
gen. If burnt in oxygen, it throws*off' bright scintil-
lations, and is converted into% combination of boron
with oxygen. This compound pagsesses the properties
of an acid : it is called Joracic acid, and, when comblned
with soda, forms the borax of commerce.

Boracic arid. — But it is not by this process that bo-
racic acid is procured for chemical purposes. Borax is
a compound of boracic acid and the alkali called gpda:
this salt is to be dissolved in boiling water, and dilute
sulphuric acid is to be added ; it combines with the soda,
and detaches the boracic acid, which, on the cooling of
the liquor, separates in scaly crystals: these, washed
with cold water, are boracic acid. It is by no means a
powerful acid; and it even evinces qualities of rather
an equivocal nature with regard to acidity; thus its taste
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is scarcely, if at all, sour: although it reddens litmus
paper, it acts like an alkali on paper stained with the
dye-stuff called turmeric. The coloufof turmeric paper
is yellow ; when acted on by an alkali it is changed to
Wrown : it is hence used as a test of alkalinity ; yet
boraciceacid renders it brown.  But this substance ma-
nifests acidity, by combiniflg with alkalies, earths, and
metals. It dissolves in rectiticd spirit ; and if the so-
lution ®e sct on fire, it burns with a green flame: if ex-
posed to heat, it parts with itd water of crystallisation,
amounting to 43 pew cept.: it melts, and then
bears any* degree of heat without fifither change. When
cold, it is found’converted into a perfectly colourless,
transparenj glass, which remaissego, if it be preserved
from the air » but loses its transpafency, if exposed, by
the re-absorption of the water which it had lost during
the heating. Borax itself, when heated, melts into a
perfectly clear glass, which is the basis of some artificial
gerhs that possess considerable beauty.  Borax commu-
nicates its owp fusible nature to other bodies, and hence
is used as a flux. Boracic acid is the only known com-
biriation of boron with oxygene it consists of one part
of horon combined with two of oxygen.

Fluoboric acid.— Fluorine and boron have an affinity,
and are capable of dombining; the result is an acid,
which exists in the gaseofls state.  If fluoride of calcium
(fluor spar) and borpeic acid, which had been melted to
a glass, so as to expel its water, be heated togetper in an
iroll tube, both having been reduced to powder and well
mixed, there will be a double decomposition: fluorine
will forsake the calcium ; the calcium will take oxygen
from, some of the boracic acid: the latter will be con-
verted into boron ; but the calcium, by combining with
the oxygen, will form lime, and this will unite with the
remainder of the boracic acid : meanwhile the boron and
fluorine combine, and form a transparent and colourless
gaseous acid, which is evolved, and which has obtained
the name of fluoboric acid. It is anhydrous. Its smell
resembles that of muriatic acid.
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In this case, either boron is acidified by fluorine, or
fluorine by boron : but, perhaps, fhe truth may be, that
neither acts the prt of the acidifier more than the other.
According to the theory of Gay-Lussac and Thenard, a
different explanation mnst be given. Fluor spar mBist
then be considered a fluate of lime,—that is, #combin-
ation of lime with fluorictacid ; and fluoric acid must
be viewed asa compound of fluorine andoxygen : when
heated with boracic acid, the latter decomposes she fluatce
of lime ; one part of ti boracic acid combines with the
lime, and the other part ¢ombines wiih the fluoric acid,
now detached, and ¥orms a gas, consisting of *fluoric and
boracic acids, thegname of which must therefore be, not
fluoboric acid, but fkoanboracic eid. Accorgling to this
theory, we should expect that, if the aci® gas be pass®d
into water, we should obtain a solution of fluoric and
boracic acids; and this is precisely what happens, for
boracic acid actually crystallises. But the fact can be
cqually well sxplained, by supbosing that fluorine‘and
boron compose the acid gas: the gas, whgn passed into
water, decomposes a portion of that liquid: its oxygen
passes to the boron, and produces bgracic acid; while the
hydrogen goes to the fluorine, forming hydrofluoric acid.
This explanation is the one now generally received.

Fluoboric acid gas is not prepdrede for use by the pro- .
cess given above ; the best m&thod is to distil a mixture
of fluor spar and borax, both in pewder, with sulphuric
acid: a glass retort wijl answer for this purpose, as it is
not acted on by fluoborig acid. The spar should be duite
free from flinty matter; for if it contain it, as it gene-
rally does, the silicon would be converted into fluosilicic
acid. The gas must be collected over mercury.

Fluoboric acid gas contains no water ; yet it has so
powerful an affinity for water, that when allowed to
escape into the air, or into a gas containing moisture,
there is an immediate condensation of the vapour into
visible fumes : this acid is, therefore, sometimes used as
a test of the presence of moisture in gases. Itsspecific
gravity is 2:362. 'The fumes which it produces in the
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air are white, and almost opaque. Tt is absorbed rapidly
and largely by water; the volume absorbed at 50° being
700 times greater than that of the water: the solution
is of specific gravity 1°77. During this absorption, some
béracic acid crystallises, and dissolves again as the liquid
approaclies saturation. The taste is powerfully acid.

SectioN XIV.

To an ordinary observer it mipht appear, that all
metals are essentially the same, and tlwat their difference
of colour apd other properties wma, be owing to a tinge
and character given to them by adventitious circum-
stances, or by a trifling admixture of other substances.
The opinion is nutural, and was once cntertained by
most of the chemists of that day; or, as they were then
called, alchemists : and as gold was the mwst valuable of
all metals, ang was considered as the pure basis of all
the rest, thewr efforts were directed to the separation of
the substance, whatever it might be, the presence of
which prevented lead and other base metals from being
gold. It is scarcely necessary to observe, that these
efforts failed ; the modern chemists, believing the thing
to be impossible, have come to the matter of fact con-
clusion, that when sxetals are of different colours, de-
grees of hardness, strength, lustre, brittlenessp&ec., they
are ‘of different natures. -

Gold. — This is the most valuable of all metals. In
a state of purity it is not generally known, as the metal
is ne4 commonly met otherwise than alloyed with cop-
per. The gold coin of Great Britain is a mixture of
gold, copper, and silver. The constitution of the coin
was first determined by law in the reign of Edward I.:
22 parts or carats of fine gold, 1 of copper, and 1
of silver, at present constitute sterling gold ; or it may
consist of 22 parts of fine gold and 2 of copper. The
mint price of this gold, that is, the standard value
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at which it issues, is 3/. 17s. 104d. per ounce: and a
troy pound of it, formerly coindl into 444 guineas,
is now coined in#o 40 sovereigns, and 14s. Gd. over,
each sovercign weighing 123} grains, or more exactly
123:274. This is called sterling gold ; but standerd
gold does not mean exactly the same. The laster term
has more immediate referenge to the manufacture of gold
utensils, and takes greater latitude 'o‘ composition.
Standard gold has *two extremes: it may be gterling, &
that is, 22 gold + 2 cepper ; or it may be 18 gold -}
6 copper. Articles sent to Goldsmith’s Hall to be marked
will obtain the marks representing either of these quali-
ties. Should tha grticle sent profess Yo be sterling, and
prove on assay 1ot toghegso rich inegold, it will be broken,
and the mark refused. Should it professelo %e 18 carfs
fine (that is, gold 18 + copper 6), while it is really
richer, or sterling, or even virgin gold, it will be marked
as 18 fine. Any article below 18 carats will not be
marked ; anda pure gold will ®be marked as 11 caYats.
Silver may be sabstituted for copper ; its effect is to
produce green gold, as it is called. o

The reason of adding these other metals is, that pure
gold is not the most scrviceable state of the metal: a
mixture of gold and a v8ry small quantity of copper is
much harder than pure gold, andewill wear much better.
It may be here observed, thatwhen any metal is melted,
and combined with another or sqgeral metals, the com-
pound metal is called alioy. The property of being
extended by mechanicgl force, as by hammering;, is
called malleability. In the chapter on cohesion, many
examples of the malleability of gold have been given.
The ductility of gold, or that property which pegnits it
to be drawn out into thin wires, is considerable : a wire
of only {,th of an inch in diameter will support a
weight of 500 pounds without breaking ; this property
is called tenacity, and it belongs to gold in an eminent
degree; but it is known that the process of drawing a
metal into wire enhances its natural tenacity. It re-
quires a heat very little higher than copper to melt it,
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much higher than silver, and greatly higher than zinc,
lead, and tin ; but by far lower than iron. It may be
kept at a very high heat for almost amy length of time
unaltered : Kunkel kept gold in a glass-house furnace
for nearly eight months, during which it neither lost
any weight, nor appeared c}mnged The hlghest tem-
perature that can be excited is found, however, to vola-
tilise a little of it.* If exposed to the most intense
vheat' of a powerful burning glass, its surface becomes
purple, owing to the absorption ¢f a little oxygen by the
metal from the atmosphere ; and it may bhe actually
burned in the flame of hydrogen urged by a stream of
oxygen, and convefted into a purple ogade. Electricity
does the same. ‘
€When 100 grains or parts of gol%:i combine with 4
of oxygen, an oxide is produced : but this oxide does
not contain the largest quantity of oxygen that can be
combined with gold; for these 104 grains, in a short
time; undergo decomposiiion ; one third robs the other
two thirds of their proportion of oxygen, and the part
ey . . .
thus deprived 1s reduced to its original state of metallic
gold. The gold, thus deprived pf its oxygen, weighs
bQT grams ; the oxygen of this quantity, amountlng to
2% grains, is, therefore, transferred to the remaining
344 parts of oxide, swhich, already containing 1} grain
of oxygen, will then contakn 4 grains of oxygen in all:
but this is the full quantity of oxygen which the
original 104 grains of oxide held combined; gnd it is
now Yontained in one third of that welght or 343
grains. Hence, a new oxide is the result ; and it must,
therefore, contain three times as much oxygen as the
origina] oxide. From these facts it is manifest, that
gold combines with oxygen in two proportions: its
protoxide is composed of 100 parts of gold, combined
with 4 of oxygen; and its peroxide of 100 parts of
gold united to 12 of oxygen.
Gold alloys with various other metals, as tin, lead,

» Brisson's Physical Principles, &c. p 202. Brisson gilt a picce of silver
held a hittle above gold intensely heated by a burning lens.
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copper, iron, mercury, &ec.; the alloys being of more
or less usc. When any metal unifes with mercury, it
is said to amalgangte ; and the compound is called an
amalygane: but the distinction is absurd, and without
practical usc. hd

Gold is a little more than 19 times heavier #han its
bulk of watef; its precisc spgcific gravity, when pure, is
19-3.*% Its hardness is between that of gilver and tin.
Notwithstanding itr Quetility, the smallest admixgure ‘of
bismuth, lead, or antimorey, renders it brittle ; so little as
17+ oth of either is sufficient tq attect its ductility.,

Gold is found, in yature, in the metallic state for the
most part. Whep any metal occurs, in a state of
nature, in its met:nlig form, it is %aid to bo’found in
the native state. But native gold is seldors pure, beingd®
generally alloyed with a little silver or copper. It
occurs in compact masses, or crystallised in cubes,
prisms, octahedrons, or pyramids; or it is found in
grains, It is found, in veins, it primitive mountaifs,
although not of the oldest, formation, accgmpanied by
various stones and metallic ores. °

Gold occurs in almos, all parts of the world; and,
although so generally, only in small quantities, unless
in the warmer regions of tife globe. Africa and America
supply the chief Kuropean consumption. America pro-
duces, annually, 30,000 pound® weight. About thirty-
six years since, an immense fragment of rock tumbled
from one of the highest mountains of Paraguay; and
masses of gold, weighing from two to fifty pounds calh,
were picked out of it. In the cabinet of the count
@d’Ons-en-Bray thcre was a specimen of native gold,
which weighed sixteen pounds.— (Brisson.) Itis fgund
in grains, in the sands of rivers, in various parts of
Africa, America, and even Europe. Cramer says, that
¢ there is hardly any gravel, in the nature of things,
that does not contain gold in it.”—(Docimasia.) Near
Pamplona, in South America, single labourers have
collected 200. worth in one day; and in some

* It has been stated by Mr. Mlls, that Trish gold is but 19,
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parts, amongst the grains, lumps weighing 72 and 132
ounces. In certain’ rivers in Scotland, gold dust has
been found. At the coronation of sCharles 1., medals
were made of this gold, with this inscription round the
edge, Ex auro ut in Scotia reperitur. And, in 1539, a
coinage .of native gold was issued in Scotland. .

In Ireland, county of Wicklow, seven miles west of
Arklow, about the year 1770, there was an old school-
master, who used frequently to entertain his neighbours
with accounts of the richness of their valley in gold ;
and his practice was to go out in the night to search for
the treasare. For this he was ganerally accounted in-
sanc. But, in some years after, bits_of gold were found
in a mountain streamm, by varions persons; and, in
4796, a piece weighing about half an ounce. The
news of this having circulated amongst the peasantry,
such an infatuation took possession of the minds of the
people, that every other sort of employment, save that
of acquiring wealth by the short process ef picking it up
out of the streams, was abandoned ; and hundreds of
human figures were to he seen bending over the waters,
and scrutinising every object there to be seen. In this
way, during six weeks, no less than 800 ounces of gold
were found, which sold for 8¢ 15s. per ounce, or 30007
Most of the gold was found in grains; many pieces
weighed between two and three ounces; theve was one
of five ounces, and one of twenty-two. It contained
about 6 per cent. of silver. Government soon gindertook
the* works ; but the amount of, gold found, while super-
intended by the appointed directors, was only 36751.
It then appeared, that there was no regular vein in the
mouptain, and that these fragments had probably existed
in a part of the mountain which time had mouldered
away, and which left its more permanent treasure as
the only monument of its ancient existence. The works
were at length discontinued.

In Croatia, in the sands of the Drave, gold to the
value of about 1600 ducats is annually found by the
peasantry.
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Gold is said to have been detected in vegetable ashes
and in garden manure. It enterd into various combin-
ations ; we have its combination with chlorine, iodine,
bromine, sulphur, and phosphorus. It dissolves with
cffervescence in a mixture of nitric and muriatic acfis:
the result is chloride of gold. If peroxide of g&ld be dis-
solved in fhuriatic acid, awd precipitated by ammonia, a
powder is obtained which detonates evenby being rubbed.

Silver. — The metal next in esteem to goldg of thos®
that are generally kndwn, is silver. This is a soft
metal, and possesses grgat emalleability: it may be
beaten into leaveseso thin as g5k goth Of an inch;
yet this is almagt three times thicker than gold leaf.
It may be drawneogt into wPres thinngr than the
human hair ; hence its ductility is next to that %f
gold. Its tenacity is such, that a wire one tenth of an
inch in diameter will support a weight of 270 pounds.
Its tenacity is, therefore, not much greater than half
that of gold : sbut silver is a Itttle harder. Its specific
gravity is 10'474. In point of brilliancy, it exceeds all
metals except slcel. It melts at a full réd heat; and
by a fierce and long cantinued fire, it may be made to
boil and evaporate awa¥ aliogether. In the greatest
ordinary heats, as that of a glass-house furnace, it loses
but little weight, and that little slowly.

If kept for a long time ihelted, it absorbs oxygen
from. the atmosphere, and fornm. a brown oxide, 100
parts of silver combining with 7°272 of oxygen. Dr,
Faraday has discovered an oxide that consists of 4°848
parts of oxygen combined with 100 of silver ; that is,
two-thirds ‘of the quantity of oxygen contained in the
brown oxide. The singular fact has been ascertained,
that silver in fusion absorbs oxygen, which, on solidify-
ing, it parts with: and Gay-Lussac says, that it thus
gives out twenty-two times its own volume, and that
the presence of a very little copper destroys this pro-
perty. Silver alloys with gold, iron, lead, tin, quick-
silver, &c.: it unites also with copper, and forms an
allgy which, like that of gold with copper, is harder

R
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than the pure metal ; and hence copper is used in the
silver coin of the kingdom, in the ratio of 37 parts
of fine silver to 3 parts of copper.; A remarkable
cirgumstance attends the combination of these two
metals, which illustrates the principle that bodies do not
unite in ‘every proportion, but in determinate propor-
tions: if the two metals be' kept melted together for
some time, and allowed to cool, two strata will be
tound, one lying over thé other, and not adhering ;
neither stratum, however, is pure, for each metal con-
tains a portion of the other that portion being the
saturating quantity. .

Onc pound of standard silver is .coined into 66
shillings : it.was formetly 62 shil'in_s — ( Watson) : the
mint price of silver is, therefore, 5s. 6d. per ounce at
Ppresent.

This metal occdts in the native state, and alloyed
with a variety of other metals and substances. It is
found in all parts of the world. In 17£0, a mass of
native silver awas taken from a mine near Freyburg,
which weighed upwards of 140 pounds: and in 1748,
a mass, a part of . which was ore, was discovered,
which produced 44,000 poupds of silver. The lead
ores for the most part contain some silver: it is said,
that in the lead oré of a mine in the county Antrim,
onc-thirtieth of the whole weight of metallic lead ob-
tained is silver. Tke Cumberland lead ore affords
17 ounces of silver from a ton,of lead. Butg mine
in Yorkshire, for every ton.of lead, afforded 280
ounces of silver. The lead mines in Cardiganshire
produced at one time 2000/. worth of silver per month.
In 1604, 3000 ounces of Welsh silver were coined at
the Tower. We are informed by Humboldt, that the
silver mines of Mexico and Peru, in the space of three
centuries, have produced 816,023,883 pounds’ weight
of silver. These mines afford many times more silver
annually, than all the mines in Europe collectively. The
silver mires of Kongsberg, in Norway, in one year
(1769), produced 79,0001
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Silver combines with chlorine, iodine, bromine, sul-
phur, selenium, and phosphorus It dissolves rea(hly in
dilute nitric acéd, and may DBe precipitated in the
metallic state, although not perfectly pure, by immger-
sion of a plate of copper : but perfectly pure, an in
fine powdq;', by pouring into it a solution of ¢ green sul-
phate of iron. By digesfion in liquid ammonia, oxide
of silver acquiresg the property of (letonatmg when
struck or rubbed. *

Iron.—We now &mc to consider a metal with
which none can comparg in®point of real utlhty, and
fortunately of abundance. Iron is, found®in almost
every mineral pwoduction. It is much harder than
either of the two preceling metals. Its epacific gravi
is from 7- to 7°84% and it is, thercfore,® the lightest of
all the useful metals except tin. It may be drawn out
into wires of great fineness: a wire 8ne tenth of an inch
in diameter will support a weight of 450 pounds: hence
its tenacity isea little less than that of gold. It is one
of the few metal- which the magnet atépacts ; and it
readily acquires magnetic propertics, which, however,
are not permanent.* ®To melt ivon requires a very
intense heat, much highep than either of the preceding
metals, and, indeed, nearly the highest that can be
excited in farnaces. When raiscd to a yellow heat, it
becomes very soft, and may then be hammered out into
any shape. When the heat is Yaised to whiteness, it
grows so soft as to giffer even a commencemenj of
fusion : for if two picces be laid in contact at this tem-
perature, and struck, they unite and form one, the
junction being as solid as any other part of the iron.
This property of uniting, by hammering at a®high
heat, is called welding. Iron is a very combustible
metal ; if thrown into a common coal fire, in a state of
filings, it burns with brilliant scintillations : and a very
thin iron wire burns with scintillation in the external
flame of a candle. Its vivid combustion in oxygen was

! Permanently magnetic bars are made of stecl.
R 2 .
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described in a former chapter. During the combustion,
the iron melts and fo¥ms into drops, which at length
fall down. This is protoxide of iron : 40 form it, every
100 parts of the metal combine with 28-572 of oxygen.
If the protoxide be exposed to a red heat for some
hours, it ‘absorbs half as much more oxygen, and forms
the peroxide, consisting of 100 metal and 42:857
oxypen : and if the peroxide be heated to whiteness,
1t will give off the 14+285 parts of oxygen, and will be
reduced to the state of protoxide. The colour of the
protoxide is black ; that of the peroxide is red: but,
according “to Gay-Lussac and Th.nard (7T'raité Ele-
mentuire, trois. edit. ii. 87.), there o an intermediate
oxide obtairable by passing stecm over iron wire at a
red heat. 'The British chemists reject this oxide. I
have reasons for believing that it exists: for I have
obtained compounds which seem not to contain either
of the admitted oxides.

Iron, in the purest state in which it 2ccurs in com-
merce, is cal'ed wrought iron. If pieces of wrought
iron be laid one over another, with intermediate layers of
charcoal, and kept at an intensz heat for several days,
a combination of iron and charcoal will take place, and
the result will be steel, which "évery one knows is capable
of being made mu¢h harder than iron: it is also more
sonorous, tenacious, elasti¢, and ductile, than iron. It is
capable of becoming » ‘permanent magnet : iron acquires
only a fugitive power. The ratio of carbon gombined
with iron so as to form cast stcel is 99 parts of iron to
1 ot carbon. But these are not the only proportions in
which they unite : white cast iron consists of 100 parts of
iron, combined with 5:26 of carbon: this kind is brittle,
and so very hard that it cannot be cut with a file. Black
cast iron is composed of 100 parts of iron, united to
7-066 of carbon: itis fusible, and much softer than the
preceding ; the quality used for castings is of this nature
nearly. These estimates are taken from Thomson’s ex-
periments, and they agree pretty nearly with those of
Mr. Mushet. '
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Thus, the greater the ratio of csrbon to iron, the more
fusible the compound becomes ; gnd the greater the ratio
of carbon, withir®certain limits, the harder the compound
becomes : but beyond these limits it is rendered softgr.

The relation of these three compounds, wjth regard
to the quantity of carbon which they contain, is illus-
trated by the fact, that if & slender rod of pure wrought
iron be immersed 4n melted cast iron, It will come ou
converted into steel, begause some of the carborf has been '
absorbed by it from the cast iron. Wrought iron may
be converted into stecl By ignition in carbyretted hy-
drogen. ' .

It has been al¥ady stated, thay the diamond possesses
the property of convelting wrought iron irto steel, b¢-
cause the diamond' is carbon. *

Iron is found in all parts of the world. There is
scarcely a stonc, or a particle of soil, in which it may not
be detected ; it exists even in plants, and in the human
body. It ocdurs commonly in the state of oxide, more
or less complicated with clay or stones, and@other metals ;
it is thus found in veins, and disseminated in rocks.
The sulphuret of irod, called pyrites, is a very com-
mon mineral. Iron alsq occurs in immense masses in
such situations as have spuggested, the idea of their hav-
ing fallen from the air; they have hence been called
meteoric iron. Professor Pallgg describes a block of
this iron found on the top of a mountain in Siberia ;
it was said by the inhabitants to have fallen fromy the
sky ; it weighed 1680 *Russian pounds.* In Croatia,
a large red-hot mass of iron was actually seen to fall
from the atmosphere : it is now in the imperial museum
of Vienna: this occurred in 1751. In South Aferica,
a mass of meteoric iron was discovered many years
since, which was estimated at 30 tons’ weight. An-
other, found in Peru, weighed about 15 tons ; its ex-
ternal surface was marked with singular impressions,
resembling hands and feet, and the claws of birds. In

* Equal to 1533} avoirdupois.
R 3
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the desert of Zahra, Qhere lies a vast mass of this kind
of iron. In the Academy of Sciences at Petersburgh,
there is a mass dt,pomted which weighs 1200 pounds.
In 1620, a mass of iron fell from the atmosphere in
the Mogul, territory, which weighed a little more than
4 pounda .

1t is very singular that tl.ese masses of iron lie in
_situations to which they could scarce'y have been pro-
TJected frdin any voleano ; none such bung found within
a considerable distance of them,” and no symptoms of
an extinguished volcano ]iawrg been discovered in the
surroundmg country. 1t is also a femarkable circum-
stance, that the iron in many cases i3 combined with
another metal, nickel, which is ai’was an ingredient in
these masses, Called meteoric stones, that have been
agtually seen falling from the air. Hence, it is no
wonder that the belief of thesc masses of iron having
faller from the atmosphere has become prevalent. La
Place has has even calculated, that they rifay have been
projected from~a volcano in the moon.

Iron, when heated in chlorine, burns with a red
light, and forms a chloride. 1t tombines with sulphur
in five different proportions. .1t will be only necessary
here to describe that which is frequently used for pro-
curmg sulphuretted hydmgen. There is some diffi-
culty in preparmg it in such a manner that no metallic
iron shall remain unchinged : for, in proportion as there
is metallic iron, hydrogen will lc produced When the
compound is acted on by dilute"sulphuric acid. I have
never failed in procuring sulphuret of iron good enough
for common..purposes, when I observed the following
formulh : — Mix 10 ounces of fine iron filings with 6
of flowers of sulphur: heat a crucible to a bright red;
and, having removed it from the fire, throw in the mix-
ture. A kind of combustion commences round the
margin next the crucible, and this extends slowly to the
centre, the ignition becoming more intense every mo-
ment. When it has reached the centre, the combination
is complete, and the ignition begins to diminish. When
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cold, the mass shrinks, and may be extricated from the
crucible by mere inversion. It fs a deep gray-coloured
with a shade of%purple. ¢

Iron combines also with selenium, silicon, phos-
phorus, boron, and various metals.

Copper y— The metal, which in point of general
utility ranks perhaps, nekt to iron, is copper. 1lts pe-
culiar red coloureneed not be described. Its specific
gravity is very vanable on an average, i¢ may M-
said that copper, aftér melting, is 8'Q: by hammer-
ing it is increased ; a specitmen which, after melting,
was but 7-242, bécame 9020 by being hahmered. —
(Watson’s L'.smqo, iv. 57.) Copper is a very malleable
metal : it may b Weaten out into very. thin leaves,
by the same process as gold leaf is matle, and in this
state it is called Dutch metal. 1t melts at rather a
lower heat than gol(l at an intens® heat, it boils and
evaporates away in mectallic fumes. When rubbed, it
emits a sm:ll. When hcated in a hydrogen flame,
urged by oxyge, it burns brilliantly and emits a
dazzling green light: a piece of copper, in a coal fire,
tinges the blaze green ; and even when meclted, it emits
a bluish green light. , When exposed to air and
moisture, it rusts into fnerdzqrm but very slowly with-
out moisture. When heated retj-hot for some time, its
surface saturates itself with oxygen, and a scale is
formed, which is spontaneouslytietached when the metal
cools : this is deutoxide of copper ; and, to form it, 100
parts of copper combirre with 25 of oxygen. The prot-
oxide, procurable by a more complicated process, con-
sists of 100 parts of copper, united to J2'5 parts of
oxygen, which is half the former quantity. 'Bhe per-
oxide is composed of 100 parts of copper, combined
with 50 of oxygen.

When copper leaves are introduced into chlorine, the
metal spontaneously takes fire, and a chloride is pro-
duced. If copper filings and sulphur be heated, a
sudden and brilliant combustion takes place and this
happens even in a vacuum. The result is a sulphuret

B 4
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of copper. opper gombines also with phosphorus,
selenium, and iodine.

Copper is found in the native state ift all parts of the
wor]d, although not in large quantltles but one very
large mass of metallic copper is on record ; it was
found in Brazil, and weighed 2666 pounds. , It oceurs
alloyed with other metals, or dombined with oxygen and
acidse ' "~ -

“ Lead % one of the softest and most fusible of the
metals. It is easily rolled irnto sheets ; but it does not
admit of being beaten into leaves like gold, silver, and
copper ; nor does jt allow itself to ‘ve drawn into very
thin wire. 1Its specific gravity is 114, At a temper-
atpre between G00° and 612° it inelts; at a higher
heat, it boils and evaporates: at the heat of burning
hydrogen urged by oxygen, it burns with a bluish
flame. When exposed to air while in fusion, and kept
continually stirred, it absorbs oxygen, and is at length
totally converted into an oxide. There aré three oxides
of lead: the prrotoxide consists of 100 parts of metal,
combined with 7:692 of oxygen ; the deutoxide, of 100
metal, with half as much more okygen, or 11-538 ; the
peroxide, of 100 metal, with tawvice as much oxygen as
forms the protoxide, that is, 15-384. The protoxide
is known in commerce ag a yellow paint, under the
name massicot, or, if lt be semivitrificd, litharge : the
deutoxide is also a paint ; its colour is a brilliant red,
incliping to orange: its commerciel name is minfum, or
red lead. The peroxide is of a deep, puce brown
colour ; its most remarkable property is, that, when tri-
turated with,sulphur, spontaneous combustion takes
place. ¢ The peroxide may be formed by transmitting
chlorine through water mixed with red lead : when the
latter is dissolved, add potash ; a powder falls, which is
to be dried on blotting paper.

Lead is never found native. If protoxide of lead bé
exposed to a sufficient heat, it melts, and forms a
beautiful glass, perfectly transparent, and almost colour~
less: by far the most common state in which it occurs



GHAP. 1. . METALS. 249

in nature, is mineralised by sulphur. The common
name for sulphuret of lead is gafna : it is abundantly
found in all the uarters of the globe ; most abundantly
in secondary rocks, bit often in primary.

Tin resembles lead in many of its properties. e
speak familjarly of various implgments and vEssels said
to be made of tin ; but waat is nieant is tin-plate, or
plates of iron coag'd on both sides with tin, which, in
some degree, has penetrated the iron throughout. Th#®
use of tinning sheet iron is to prevent it from rusting,
and the consequent destauctfon of the utensil; tin is
much less perishale than iron when expoted to air
and moisture, ¥in is of a mecllow silver colour: its
softness is such, tMat®it may rcadily be cut with an
iron knife. It nfay be beaten out into daves less théh
soooth of an inch thick. Whkat is called tin-foil,
however, contains a little lead. Tt melts at a much
lower heat than lead ; 440° is sufficient. Its specific
gravity is 7°205., When intensely heated, and oxygen
supplied, it burns with great brilliancys, When kept
melted for some time at a low red heat, in contact
with air, oxygen is altorbed, andea gray protoxide is
produced. There are tyo oxides: the protoxide con-
sists of 100 parts of tin combined with 13793 of
oxygen ; and if the protoxidg be considerably heated, it
takes fire, burns like tinder, absorbs a new portion of
oxygen, and forms the peroxide',‘ ‘consisting of 100 parts
of tin and 27:586 of oxygen, or double the quanti.t?' in
the protoxide. . ES

This mctal combines with chlorine, iodine, bromine,
phosphorus, sulphur, and fluorine.  If_alloys with
several metals. The coat of tinning which isgiven to
the inside of copper vessels, is, in fact, a mixture of
lead and tin ; and the use of it is to prevent the copper
from coming in contact with the food prepared in such
a vessel, which might be otherwise impregnated with
that poisonous metal. Although lead itself is a poisonous
metal, it is singular that the presence of tin renders it
innoxious ; the reason of which is, that tin prevents the
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lead from dissolving. I’ewter is composed of lead and
tin ; and on account 'of the presence of the latter, the
former is rendered safe. Tin generally occurs combined
with oxygen, in a crysta]hne form, in veins traversing
prlmmvc rocks. It is found in many parts of Europe,
and in ali quarters of, the globe. It does, not appear
that tin is ever found in the qjative state, unless we rely
on the testimory of Matthesius. (ramer affirms, that
<" Englisk tin is the best of all ; for its ore 1@ of all tin
ores, that which is less dehlcd with iron.” The first
exportation of tin from Eugland took place 2200 years
ago. , .
Zine. — This metal, although enterug into the com-
posmon of one of the best known' of all metallic com-
poumls, is, itself, very little known to the generality
of persons who have not made these subjects their study:
when combined witn copper, it forms that useful sub-
stange, brass. Zinc is of a bluish white colour ; its hue
is intermediate between that of lead and ti.. Its specific
gravity is abgat 7, or very nearly the same as that of
tin. When heated it enters into fusion about 680°, or
700°: at a higher rate, it cvaposates ; and, if access of
air be not permitted, it may be distilled over—by which
process it is rendered purer than before, although it is
not perfectly pure. * When heated red-hot, with access
of air, it takes fire, burns with an exceedmgly beautiful
greenish or bluish whitt flame, and is, at the same time,
oonverted into the only oxide of zjnc with whic® we are
acquamted consisting of 2353 parts of oxygen, com-
bined with 100 of metal. It is, when cold, a fine
white powdgr, like flocks, and so light, that it was
formex.yocalled philosophical wool and white nothing. At
common temperatures, zinc can be extended but little

Wer the hammer ; but, at a heat a little above that of
boiling water, it may be rolled into thin sheets with
facility, or drawn into wire, although it will not form
thin wire. At a temperature midway between this heat
and its melting point, it becomes so brittle, as to be
easily reduced into a fine powder.
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Zinc is found in all quarters of the globe: it occurs
in Great Britain and Ireland, afsociated with lead: it
is -never found Mative, but is met in combination with
oxygen, sulphur, &c.* It combines with, and is sef on
fire by, chlorine : it enters into union with phosphorus,
sulphur, seJenium, iodine, and various metals?

Mercury.— However egsily melted some of the pre-
ceding may be, there is one metal which exceeds them
and all others, in fusibility: this is quicksilwer, or, a¥’
it is called by chemists, mercury : so fusible is it, that,
without the aid of art, we nefer see it in any other state
than that of a liquid. Yet, when mejeury is*reduced to
a very low temnperature, it freezes, or becomes solid ;
and then it may W @t with a ‘knife, or beaten out_a
little by the hammer. Its malleability is, however,
very limited. The freezing of mercury has been known
to take place, in very cold climates,®spontaneously, and
without any artificial process: it was witnessed by
Pallas, at Krasnojark. This metal, in frcezing, con-
tracts very much ; hence the mercury ofe thermometer
does not indicate the true freezing point when it hecomes
solid. On such occasions, it has sunk 600° below
freezing. Its freezing pgint is discovered by allowing
a mass of frozen mercury to liquefy slowly when the air
is very cold : during this process, a thermometer im-
mersed in the mercury will steadily stand at about 40°
below zero, which, of course, is"the real freezing point.
The temperature at wkich it boils and evaporates is §60°
of Fahrenheit's thatmometer. It may be readily dis-
tilled over. Its specific gravity at 60° is 13-568.

Mercury combines with oxygen in- twquproportions :
to form the protoxide, chemists seem agreed ‘tltat 100
parts of metal unite with 4 of oxygen; and, to for e
peroxide, the same quantity of metal unites with
as much oxygen, or 8. By keeping mercury at its
boiling heat for a length of time, in contact with air or
oxygen, its¢ vapour combines with the oxygen, and
forms the peroxide: but it is a very difficult matter to
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obtain the protoxide in a state of purity. This metal is
not altered by exposre to air, or moisture, or both.
It combines with chlorine in two yproportions: the
chl?.ri(le, commonly called ealomel, consists of 100 parts
of mercury, united to 18 of chlorine ; the perchloride,
called corrosive sublimate, of the same quantity of mer-
cury, with 36 of chlorine : it is g*violent poison. Mer-
cury,_also combines with iodine, bromine, sulphur, and
d1uorine, «

This metal occurs in the native state, or amalgamated
with silver, or combined with sulphur, constituting
cinnabar. 1t is pyoduced in South America and Spain
in great abundance. But, perhaps, tl:€ greatest quick-
silver mine in the world is that*of’ Idria, in Carniola.
It has been at ‘work for more than thiree centuries: its
average produce, during four years, was about 366,000
pounds of mercury ; it employs, in all, about 1000 men.
The ore raised affords better than 8% per cent. of metal :
but mercury in the metallic state is found abundantly,
sometimes issying from the rock in a stream ; and, in
this way, 36 pounds have been collected in six hours.

Platinum. — This is a metal which, of all others,
possesses properties the most useful for the construction
of vessels of all sorts, and for various other purposes.
It will not melt in the heat of our most powerful fur-
naces,— & property of much importance, but of the less
value, as it prevents thie possibility of castigg it into
different forms. Even this defect ‘s nearly countervailed
by the property which, like irori, it possesses, of weld-
ing ; two pieces may thus be united, by laying them in
contact and, hammering them while they are raised to
an intense heat. It does not rust or corrode when ex~

to air or moisture ; and if heated in the hottest
fulfce, it comes out bright and untarnished. Notwith-
standing all these advantages, platinum is of little use to
mankind, for its price is just as high as its properties are
valuable ¥hence its limited employment ir the arts. Its
colour is white like silver ; its specific gravity is 2147 ¢
it has been drawn into wire so thin as y5dgpth of an
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inch, but only in short lengths, and not very perfect.
The number of its oxides is not agreed on by chemists ;
there arc probably four. =~ ¢

“There is a form ofe this metal which possesses some
extraordinary properties ; it is called spongy platintim.
It may be })repared by dissolving platinum in®a mixture
of nitric ahd muriatig, acjds by heat: to the solution
must be added solution of muriate of argmonia, while it
continues to precipitate any thing ; the precipitate, filt
tered off, must be washed with water, and dried in the air.
If a small quantity of this poavder be heated in a candle,
it will become incanglescent, as if it took fire. olt is, when
cold, fit for usc. ¢ If a jet of hydrogen, from a tube of
very slender bore, b directed on ¥ from a little distance,
the metal immediately becomes red-hoteand it sets:fite
to the hydrogen. This may be repcated a great number
of times; but the sponge at last leses its power: the
smaller the quantity, the sooner its power is lost. The
lower the hea, to which the pbwder was exposed in the
candle, consistentl’, with producing incapdescence, and
the shorter time the heat was applied, the longer will
the spongy platinum -ontinue to, produce the pheno-
menon, and the more certainly it will act. The cause
of this effect is not know®.

The combinations of platinun? with metals and other
simple substances are very nimerous.

Potassium.— This metal mdy be obtained in a variety
of ways : the simplest, is to abstract oxygen from potash,
by exposing a mixtgre of dry carbonate of potash;*with
half its weight of K(lzently burned charcoal, to a strong
heat in an iron bottle coated with Stourbriige clay, and
having a pipe proceeding from the bottle, so cantrived
that it can be kept cold with ice, and the air excluged.
Potassium distils over, which condenses into a d
metal. Its colour, when it is newly cut, is white, like
that of silver, but it rapidly tarnishes in the air: to be
preserved from change, it must be kept undd#iaphtha ;
that substance not containing any oxygen. It is a con-
ductor of electricity : its specific gravity is 0-865, water
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being 1°000 ; it, thercfore, although a metal, is lighter
than water, and swims upon it. At ordinary temper-
atures, it may be mouNed by the finggrs ; at 32°, it is
brittle ; at 150°, it melts perfectly ; and rises in vapour
in % heat a little below that of redness. When thrown
upon wattr, it acts with great violence, swims upon the
surface, and burns with, a begutiful white and red light
mixgd with violet ; and the water is fopnd to be alkaline.
€t inflames when gently heated in the air, burns with a
red light, and throws off alkaliné fumes. 1t burns spon-
taneously in chlorine, with intense brilliancy.

Oxygentcombines with potassium in two proportions :
the protoxide is that which is formedsvhen the metal is
thrown into water, and which cxiets¢in common potash ;
i€ oonsists of 100 metal and 20 oxygen. The peroxide
is formed when potassium is burnt in oxygen ; it con-
sists of 100 metal,*and three times as much oxygen as
in the last, or 60. When thrown into water, this per-
oxide gives off 25 per cent. of oxygen by effervescence,
and is reduced, to the state of protoxide.

What chenists call caustic potash, is a hydrate of the
protoxide : it is gengrally prepared by depriving pearl.
ash (common potash ignited) of its carbonic acid by
tmeans of hydrate of lime, both being diffused in water ;
the solution, being filtéred, is to be evaporated, and the
pure alkali dissolved away by alcohol. But pearlash
always contains commén sea salt; consequently, the
resulting alkali will contain soda. /To remove this sBurce
of eftor, I varied the process, a few years since, in the
following manner : — Dissolve the salt sold by druggists
under the naipe of bicarbonate of potash, in the smallest

‘possiblo quantity of water at 100° temperature ; decant,
and expose the solution in a flat dish before the fire: in
a ®w hours a crop of crystals will be obtained, which
are to be separated from the mother liquor, and rinsed.
The crystals are next to be boiled with their own weight
of hydrate of lime and water for fifteen minutes : after
due subsidence, the clear liquor is to be poured off. This
is solution of caustic potash, which, baving a powerful
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affinity for carbonic acid, is to be carefully preserved
from the air. — (Dublin Phil. Jowrn. i. 48.) If it be
required in the sglid state, it m@st be boiled down in a
silver or bright iron vessel, and out of contact with the
air. If solid potash be applied to:the surface of the
body, it destroys the part, and forms an ®schar: it
changes veg'etable blues to .green,' except litmus ; and it
changes vegetable yellows to brownish red : it is soJuble
in water or alcohol. When nitre has been hegted untf
totally decomposed, with a view of obtaining oxygen, it
is not potash that remains, as was commonly supposed,
but peroxide of potgssium. If it be kept forea length of
time at an obscurg red heat only, it is not perfectly de-
composed, but is clanged into a%salt called hyponitrite
of potash. . . .

Potassium combines with hydrogen, and forms a gas,
which spontaneously burns when let ¢o pass into the air ;
it is always formed when water is decomposed by, this
metal, and it d.urns on the surYace ; or when potassium
is strongly heated i hydrogen. When potassium and
sulphur, or phosphorus, are heated together, even in a
vacuum, they combine,swith the phgnomenon of brilliant
combustion, and form sul.phuret and phosphuret of po-
tassium ;, both of which burn when heated in air. When
sulphur and pearlashes arc heatell, the result is chiefly
sulphuret of potassium ; the dxygen of the potash being
abstracted by some of the sulphur, and carbonic acid
expelled. If potassign be introduced into chlorine, a
brilliant combustimﬁ.’;ses place, and chloride of® the
metal is formed. If burns in sulphuretted hydrogen, at
the same time combining with the sulphur ¢ it burns also
in hydrofluoric acid, forming fluoride o.rpotalsium B
and in fluoboric acid, forming fluoride of potassium,
boron being liberated. If heated in carbonic acid ghs,
it burns, takes oxygen from the charcoal, and the latter
is precipitated : it absorbs cyanogen gas, becomes red-
hot, and forms cyanide of potassium ; it also takes oxygen
from boracic acid, and leaves boron.

Sodium.— This metal may be obtained by any of the

»
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processes which afford potassium. In many of its cha-
racters it resembles potassium: it is as white as silver,
has great lustre, and is a conductor of electricity. It
fuses at about 200°, and evaporates at a strong red heat :
its‘specific gravity is 0°972. When heated strongly in
oxygen or chlorine, it burns with great brilliancy. When
thrown upon water, it effervesces violently, but does not
inflame : it swims on the sufface, gradually diminishes
wvith great agitation, and renders the water a solution of
soda. It acts upon most substances in a manner similar
to potassium, but with less energy : it tarnishes in the
air, but more slowly; it the absorbs oxygen. Like
potassium, it is bést preserved under naphtha. There
are two oxides of sodiam : the protexide consists of 100
tactal and 33} oxygen ; the peroxide, of 100 metal and
50 oxygen.

The protoxide, combined with water as a hydrate, is
the caustic soda of chemists ; it may be formed from
the bicarbonate of soda, By a process similar to that given
for caustic pogash, and may be solidified in the same
manner. Sodium burns in chlorine, and forms chloride
of sodium, or common culinary salt, It combines with
sulphur and phosphorus, occasioning similar phenomena
to those presented by potassitln ; but the sulphuret and
phosphuret of sodium ‘are less inflammable.

Lithium. — Of this ntetal very little is known: it
exists in several minerals, and its stony origin is indi-
cated by its name, The minerals called spodum®ne and
petatite afford it in small quantity.,Its basis was proved
by Davy to be metallic: its protoxide is the alkali called
lithia. Its solution in alcohol, in burmng, emits a red
light : ¢it has"a very acrid taste ; and, in some respects,
acts as a caustic. It does not dellquesce and it dis-
solves sparingly in water, whether hot or cold: a red
heat melts it. It absorbs carbonic acid from the air : it
reddens vegetable yellows : it is not volatilised by a white
heat. The chloride of lithium is deliquescent and soluble
in strong alcohol. Lithia has considerable neutralising
power : it forms a sulphuret, which, when decomposed -
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by acils, affords the same products as sulphurets of
other earths and alkalies. From this account, it appears
that lithia acts as g kind of conneoking substance between
the earths and the two alkalies, potash’ and soda: at
first, indeed, it was mistaken for soda. It exists*in
petalite in the very small ratio of 5 to 7 per cent. ; and
in spodumeffe 8. Lithia consist¢ of 100 parts of the
metal lithium, coabined with 123 of oxygen.
Culeinm. — On€ of the most useful and genefallys
known of the earths isdime, the burning of which has
been already described. By means of galvanism, Davy
succeeded in scparating ¥rom it a metal passessed of
moderate lustre ; Rut in such small quantity, that it was
not possible to makeqsufficient experiments on it : to this
he gave the name caleium. When heated in conta
with oxygen, it takes fire, and forms an oxide, which is
lime: but there is also a peroxide ¢f calcium. Pure
lime is tasteless, and insoluble in water: it readily ab-
sorbs water poy.ed on it, swells, heats, bursts, and is
converted into hydraze of lime, commonly called slaked
lime ; it has now acquired a taste ; it is sol@ble in water,
and the more so if the yater be cold. The solution is
called lime-water ; its taste is styptic, followed by sweet-
ness. Lime-water made *n the cold, and, therefore,
saturated, deposits hydrate of lime; if the water be raised
to 212°. The alkaline properties of lime-water are
powerful, and it renders veget&le yellows brown. If
exposed to carbonic acid gas, or to the atmosphere con-
taining it, the lime #hrgbines with the carbonic 2id,
becomes insoluble, tHk compound precipitates, and water
remains : the water is expelled from hydrate of lime by
a red heat. It is possible, but difficult, to Yfocurg lime
in erystals, by cvaporating lime-water at ordinary tem-
peratures in an exhausted receiver. Kvery one knows
that slaked lime, mixed with siliceous sand, and water
added, constitutes mortar, a cement for building. The
hardening of mortar has been supposed chiefly to depend
on the absorption of carbonic acid, and the re-conversion
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of lime into carbonate of lime, which is exccedingly
hard, as appears in the instance of limestone. I helieve
the theory to be, that some of the giliceous matter is
actually dissolved by the caustic lime into a paste ; and
that such particles of the silica as do not dissolve en-
tirely, en‘er into combination by their swrfaces, the
compound surfaces holding the heterogeneous matter in
a state of firm cohesion. This, at least, accounts for the
etony hardness of mortar in the interior of thick old
walls, where carbonic acid coull scarcely have pene-
trated, and where it appesrs not to have been absorbed,
at least in,sufficicnt quantity, by thg fact that it scarcdy
effervesces when treated with acids. Beside the use of
lime in making morta., it is of extensive utility in agri-
~aalture, for improving the quality of Jand.

Lime'is best prepared for chemical purposes by ing
tenscly heating prre white marble, so as to expel its
carbonic acid. Chlorine decomposes lime, when assisted
by feat ; the oxygen is vxpelled from the caleium, and
the chlormc takes its place, but in double the volume:
the new compound is chloride of calcitm,—a remarkably
dehqueseent substance.  Lime also combines with chlo-

. rine by a very weak afiinity, as is always the case where
the latter combines with a metallic oxide: chloride of lime
is produced, — a salt chiefly used for blecaching. There
is also an iodide of lime. CGalcium ecombines with sulphur,
phosphorus, and bromiue. Lime, or protoxide of cal-
cium, consists of 100 parts of calcium, united ®ith 40
of ¢xygen. The peroxide contaﬂs caleium 100, oxy-
gen 80.

Magnmmm — The employment of magnesia in me-
dicing has “fendered it universally known, and beyond
that use it contributes very little to the wants of man-
kind. The source from which the chief supply of
magnesia was formerly derived was the sea. If sea
water, sufficiently boiled down, be mixed with pearlash
a white powder subsides, which, when washed, is a
combination of this earth with carbonic acid derived
from the alkali. There is a mineral called magnesian
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limestone, consisting of carbonic acid, lime, and mag-
nesia ; and from this we now obtgln abundant supplies.
VVhen the combipation of magnesia with carbonic acid
is exposed to a redheat, the carbonic acid is drawn
off, and inagnesia is left in a state of purity. Dufing
this ignition, the magnesia appears much hotter than the
fire in whiéi it is heated ; a brigltt white light is emitted
by the earth, apparently "of the phoephoylc kind. This
phosphore%vnce 4ttends the 1gmt10n of some othee
earths also. 1f a littlee magnesia, which has been thus
ignited, and still remains a little warm, be placed in a
saucer, and a little exceeﬁmgly strong sulphuwric acid be
poured round th edges of the sauctr, there will be a
hissing noise produeed, and sparles and flashes of bright
white light will be emitted from all pargs of the mag-
nesia. In the heat of burning hydrogen, urged by
oxygen, this carth is fusible, butenot in any lower
degree.

'The basisof .hls carth has bten proved to be a metal ;
it has been obtain'l in brown scales, which, when
rubbed apainst agate, leave a metallic staln of a leaden
colour. 1f this metal,which is ca.lled magnesnum be
strongly heated, it burns with a®red light, and is con-
verted into oxide of mi¥nesium by combining with
oxygen ; this oxide is magnesia. - Or, if magnesium be
thrown into water, it sinks, slowly effervesces, and be-
comes covered with magnesia. *-

When magnesia is beated strongly in chlorine, the
oxygen is displaced she chlorine, and a chlori®®: of
magnesium is form&l. If the vapour of potassium be
passed over ignited chloride of magnesium, the metal
magnesium is separated in brown scales. ***

Aluminum. — The earth alumina, when pure, is a
fine Plight powder of brilliant whiteness ; it does not
dissolve in water, but soaks it with avidity, and retains
it, forming a mass, which is so ductile and tenacious,
that it can be moulded into any form. This paste,
when heated, becomes exceedingly hard ; and it is on
account of those properties that alumina is always the

s 2



260 ELEMENTS OF CHEMISTRY. PART II.

basis of every kind of pottery. When a mass of alu-
mina is heated, it shriuks in bulk proportionately to the
intensity of the heat ; dience, it has been employed as a
kind of thermometer, or rather pyrometer, for measur-
ing' high heats, which would destroy an ordinary ther-
mometer.» A gauge is used for determining the amount
of the contraction. The contraction of alumnina has
been supposed to be an exception to the general law of
e expapsion of solids by heat; buv it may be only
apparently so. During the heating, water, which kept
the particles at a certain distance asunder by its affinity,
is expelledy and not fully without a white heat: cohe-
sion may then take place the more strongly, so as to
bring the particles nearer together s but they may not
approach so closely to each other as i€ the antagonising
force of calorific repulsion were not at the same time
acting. Thus expansion may actually have been pro-
duced by the heat, although it is disguised by the
greater ratio of contracrion, owing to loss of matter
(water), and consequent increasc of cohesion, now more
energetic, because not obstructed by affinity.

Alumina is tasteless and inodorous; but if breathed
upon, it acquires a smell distinguished by the name
earthy. This earth, in a stateVf purity, may be obtained
from alum purified by recrystallisation. A solution of
such alum is to be mixed with deliquesced pearlash in
excess ; the precipitate which appears is to be separated
by the filter, well washed, dissolved in dilute Muriatic
acid; and again precipitated by.ligstid ammonia. The
precipitate well washed, collected, a.d intensely heated,
is pure alumina.

By sausing potassium to act on chloride of alumi-
num, the basis may be procured in the metallic state ;
it is called aluminum. It is obtained as a grey powder,
which, under the burnisher, assumes metallic lustre.
‘When heated red-hot in air or oxygen,itburns splendidly;
oxygen is absorbed ; and an oxide is produced, which is
alumina. It is excessively hard, and even capable of
cutting glass. The metal is not acted on by cold water ;
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but at a boiling heat it effervesces in a slight degree.
This metal, like iron, is a non-cgnductor of electricity
when reduced to gninute particlef. When the metallic
powder is thrown into the flame of a candle, it scintillates
like iron burning in oxygen. Oxide of aluminunf or
alumina copsists of 100 parts of aluminum,®combined
with 8 of oxygen.* Aluminum, tombines with chlorine,
phosphorus, sulphur, and selenium. . N

Glucinum. —The metallic basis of the eaxth calle@®
glucinum may be sepatated by the same means as the
basis of alumina. It is,a very dark coloured powder,
which requires thes burnisher to produce i¢s metallic
lustre. It is cal'ed glucinum. Whén heated in air or
oxygen, it burns bfillmntly, and &ffords the oxide.

Glucina is a soft, tasteless, white powdes, which, whem
wet, is somewhat plastic like alumina. It neither dis-
solves in water, nor melts in the fires Like alumina, its
salts have a swestish taste; and both of these earths, are,
in this respees, opposed to magnesia, which, with acids,
affords salts of a bitter taste. Glucina igof rare occur-
rence in minerals ; it has not been conVerted to any
use, and therefore neec ne further be described. Oxide
of glucinum consists of 100 metal and 4444 oxygen ;
this compound is the earth glucina. Glucinum com-
bines with chlorine, phosphoris, sulphur, selenium,
iodine, and bromine. '

Barium.— By a complicated process, sir H. Davy se-
parated a metal from this earth, which he thus describes:
— It appeared of a flark gray colour, with a lustréinfe-
rior to that of cast iron. It was considerably heavier
than sulphuric acid; for, though surrounded by globules
of gas, it sunk rapidly in that fluid. It instantly be-
came covered with a crust of baryta (protoxide of ba-
rium) when exposed to the air, and burnt with a deep
red light when gently heated. When thrown into water,
it effervesced violently, disappeared, and the water was
found to be a solution of baryta.

.. #® Thomson, First Prine. i. 318.
83
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There are two oxides of barium: the protoxide is
formed in the manner just described; and if this be
heated in oxygen gas, & quantity of thet gas is absorbed,
and peroxide of barium is produded.

Baryta may be obtained from the very common mi-
neral sulpnate of barytes, by heating its powder, mixed
with charcoal powder, fo whiteness ; dissolving the mass
thus produced in water ; adding nitrjc acid; filtering ;
Cvaporating until, on cooling, crystals form ; and heating
these crystals to redness for a léngth of time in a pla-
tinum erucible. 'What réinains in the crucible is prot-
oxide of barium or baryta. It is 2 gray powder. 1
absorbs water like quicklime, and slakes like lime, and
sometimes emits light in slakingjdst as lime in large
¢uaantities doee. A hydrate of baryta is thus produced,
which dissolves in water ; the solution is called baryta
water ; and the earth may be obtained from it in crystals
by evaporating the water, or by the covling of a satu-
rated solution. Baryta water rapidly attracts carbonic
acid from therair. All the soluble compounds of ba-
rium are poisonous in a high degree. The protoxide
or baryta consists of 100 metak and 11764 oxygen ;
the peroxide 100+ 23-529. ., Barium combines with
chlorine, sulphur, phosphorus, and bromine.

Strontium. — 'The earth called strontia so much re-
sembles baryta that they ‘were once confounded. Sir
H. Davy, by the same means as hc obtained the mgtal of
baryta, obtained also that of strontja. The metal stron-
tium® resembles barium in mosts o¥its properties ; and
there are two oxides of strontium wlﬁch may be obtained
in the same manner as the two oxides of barium. 'The
protoxide is the earth called strontia ; and it may be ob-
tained from the mineral called sulphate of strontia, by a
similar process to that for preparing baryta. Certain
compounds of strontium possess the property of tinging
flame of a deep rose-colour : the use of such compounds
in theatres is well known for procuring red light. One
hundred parts of the metal strontium combine with
18'181 of oxygen, to form protoxide or strontia; and
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with 36-:362, to form peroxide. This metal combines
with chlorine, phosphorus, and syphur.

Yterium. — Mgt of the salts of this earth are sweetish
to the taste; and two of them are of an amethyst colour.
When yttria is melted with a proper quantity of befax,
it forms a transparent glass ; but it is opagme, if tht,
quantity of*borax be too br(,at ’ By heatmg potnssxum
with chloride of 1tma, the metallic basns of the carth is
obtained. The fetal is procurcd in iron gray scaless
If heated in oxygen oi* common air, it burns brilliantly ;
and an oxide is formed, whieh is the earth ittria. But
the metal is not omdated by water, cven if bailing. The
oxide is insolublg in water, tasteles§, and white, and
seems to have suffered a commertcement of fusion. 1t
has no action on vegetable colours. Caygtic alkalies do
not act on ittria, but it is dissolved by solution of car-
bonated alkalies. An intense heat ds necessary for its
fusion.  Yttrium combines with chlorine and the com-
bustibles. * *

Thorinum. — This is a newly discovergd metal, which
may be obtained by a process similar to that for obtain-
ing ittrium. Tt is of & lcaden gray colour, heavy, and
under the burnisher shows meta¥lic lustre. Water does
not act on it. The oxife may be formed by heating
the mnetal in common air ; it burns brilliantly ; the re-
sulting snow-white oxide is the earth called thorina.
Boiling caustic alkalics do not™act upon this earth ; mu-
riatic acid dissolves it rcadily ; sulphuric acid has much
less action on it, a-dl mitric scarcely any. Thofmum,
when heated in vaﬁour of sulphur, burns.

Zirconium. — The earth called zirconia is a harsh
whitish powder, without taste or smell ; it possgsses no
action on vegetable colours, and is insoluble in water.
It is fusible at a lower temperature than any of the
other earths: the heat of a good forge is sufficient to
soften it. It is soluble in the mineral acids, and in
solutions of alkaline carbonates.— (Davy.) The basis of
it has been separated by the agency of potassium, and
is supposed to be metallic; but as yet the chief distin-

s 4
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guishing property of metals — a decided metallic lustre
— has not been evinced by it. 1t is a perfectly black
powder. Sir H. Davy, by means of, a magnifier, saw
particles which appeared metallic in some parts, and of
a cliocolate brown in others. The black powder burns
at a heat.below redness, and forms the oxide or earth
zirconia.

We have now taken a- brief survey of thosc metals
which, on.account of being of extersive utility to man-
kind, are generally known ; but the gatalogue is by no
means exhausted. On the contrasy,-those described are

czactly one half of the total number known. The
metals which remain to be noticed are either useless in
their own nature, o= are so on account of the difficulty
and cxpense of procuring them, or they-are useful for a
few purposes only ; hence, little more than an enumer-
ation will be rgquired.

Nickel is a nard malleable metal, which, like iron, is
attracted by the magnet, and, urless it contain arsenic,
is convertible into a magnet. It has not been generally
converted to use, on account ot its scarcity. Dr. Fyfe,
says, “* Nickel exists aiso in white copper brought from
China, in union with copper, iron, and zine, which is
supposed to be obtained from a native productioy called
white copper ore. 'The composition of the white copper
ore Ithave found to be copper 40=i, zinc 25°4, iron 2,
and nickel 31°6.”—(Fyfe's Chemistvy, 620.)

The metals called Cerium, Uranium, Molybdenum,
Tungsten, Columbium, otherwise called Tantalum, Tellu-
rium, Cadmium, and Vanadium, on account of their
scarcity, or from the difficulty of reducing them to the
metallic state from their ores, are but imperfectly known,
and have not been applied to any useful purpose. Cobalt
is used for giving a blue colour to glass and porcelain :
the tint is beautiful, and hence the metal bears a high
price. Manganese is much in use; it is employed by
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glass makers for two opposite purposes: for commu-
nicating a purple or violet colour y or for destroying all
colour, and rendiging the glass scolourless. This dif-
ference of effect depends on the property, which the
metal possesses, of combining with different portions® of
oxygen : there are four oxides known. In order to un-
derstand th&ir action on glass, itAnust be observed, that
iron often adulterates the’materials of which glass is
made, and a very small quantity of the prot.oxi(fc od
iron gives to glass a gréen colour, although the peroxide
imparts no colour. Now, if %o glass rendered green by
a little protoxide of iron, we add a small guantity of
tritoxide of manganese, it will give *off’ a little of its
oxygen to the iron wdich thus Becomes peroxide, and
loses its colouringspower. On the othef hand, the trite
oxide of manganese possesses the property of rendering
glass purple, while the deutoxide epossesses no such
power ; the mawganese, by converting the iron into the
state of peroxide, is itself redileed to the state of deut-
- oxide; and this, like ihe peroxide of iron, does not colour
glass : hence the original colour of the® glass is de-
stroyed, and no new «olour is cgmmunicatcd, if the
proportion have been rightly adjtsted.

1t is in the state of tritdkide, or black oxide, that man-
ganese is commonly found in hature; and when this
oxide is reduced to the metallic state, the metal speedily
absorbs oxygen from the air, and returns to the state of
black oxide. It is from the tritoxide that chemists for
the most part obtairxggen for experimental purfroses;
and the modern pRactice of bleaching cannot be con-
ducted without it: hence, this oxide is extensively
useful in the arts. - .

There is another metal used in coloured glass making,
and glass and porcelain painting, called Chromium ; it is
also used in enamelling, and as a rich, strong, and dur-
able pigment. To glass and enamel it communicates a
green colour, while it furnishes to the painter his best
and most lively yellow : its high price much limits its
use. .



2066 ELEVENTS OF CHEMISTRY.

Bismuth is onc of the most fusible of the metals, and
it communicates fusibility to other metals. A mixture
of tin, lead, and bismuth, is so fusible that it melts when
thrown into boiling water: a toy of this kind is well
known ; it is a spoon which, when immersed in a very
hot liqui¢, immediately melts. An alloy, composed of
3 parts of lead, € of tin, and 5 of bismuth, melts at 197°,
ancl may be used for taking casts from gems, seals, &e.
/Che composition is rendered fusible ac a still lower heat
by the addition of a little mereury. This last prepar-
ation is also used for silvering (as it is called) the inside
of glass glgbes: the compound, whep gently heated in the
globe, melts; and by turning the globg, an equal coating
may be laid on, whichy when cold, huardens and adheres.

. There is a gmbstance pretty generally known, in con-
sequence of its being much used in medicine, called
Antimony. 'The snbstance to which the name is com-
monly given is an ore, from which a pesuliar metal may
be extracted ; and it is to tais metal that thg name of anti-
mony is given by chemists. It is white, and so brittle,
that it may bcreduced to powder : it mdts when heated
to redness ; at a higher heat it evaporates. It has three
oxides. Antimony, welted with 16 times its weight
of lead, forms the alloy of ‘which printing types are
formed : and the alloy'of tin and antimony, made into
plates, is used for ongavmg or rather punchmg music.

The crude platinum orf commerce is by ng means
pure: it contains no less than four other metals; thesc are
calledepalludium, rhodium, iridigny,and osmium. They
are procurable in very small quantijies: they have not
been applied fo any use; possess no very remarkable
properties ; and, thercfore, need not be here further
noticed.

The last metal to bé enumerated, is one that, in a cer-
tain state of combination, is well known to the world, on
account of its destructiveness to animal life : it is called
Arsenic. This is a grayish white metal, which may be
easily broken to powder. When moderately heated, it
evaporates, and at the same time combines with oxygen,
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forming a white coloured oxide, commonly called arsenic,
but jmproperly, that name belongigg only to the metal.
This oxide is the gell known poigbn.

Such is the very brief sheteh of the metals at present
known. It will e necessary to make a few general dh-
servations, which will render their rescmblaces and
differcnces more manifest than fwhen separately con-
sidered.  In the fjrst placd, it is to besobserved, that
all the metals possess that property well undnrgtood by?
the expression wetalli® Iustre, without which no sub-
tance can be considered a gnetal.  They are of different
colours : — some ame white, as platinum, palladium,
rhodium, iridiumge silver, nickel, cerilim, tin, mercury,
molybdenum : somé& ase bluish witite, or grayish white,
as lecad, zine, iron, arsenic, tellurium, manganesey
uranium, cadmium, antimony, chromium, tungsten :
two are yellow, namely, gold and t#anium : copper is
red; bismuth is *cddish; and cobalt has a paler redgdish
tint than bismath. *

There are three metals magnetic — irgn, nickel, and
cobalt : chromium has been affirmed to bé magnetic.

Some metals possesssthe property called malleability:
gold and silver may be teaten 8ut into leaves, almost-
inconceivably thin ; copper, tin, platinum, and lead,
possess the same property, but®less perfectly: others
are totally destitute of it, as arsenic, columbium, anti-
mony, cobalt ; and they can even be easily reduced to a
fine powder: hence these arc called brittle metals.
Wearly allied to the {ruperty ‘of malleability is duddlity,
which expresses thd capability of the metal to be drawn
out into finc wire. All the malleable metals possess this
property : gold, silver, and iron may drawn into%
wires as fine as a human hair : lead and zinc may be
drawn into wires, but they cannot be made fine: the
brittle metals, as might be supposed, do not draw.

Metals differ much in their cohesion or hardness:
tungsten is sn hard as to resist the file; while lead and
tin may be scratched with the nail of one’s finger.

With regard to the fusibility of metals, or their capa-
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bility of being melted by heat, they differ from cach
other as much as in,any other respect. Some are abso-
Iutely infusible in the greatest heats,of our furnaces, as
platinum (which, however, melts in the flame of hy-
drogen, urged by oxygen), rhodium, iridium, molyb-
denum, snd, we may add, uranimm: it requires the
most powerful heat to' melt manganese, nickel, and jron.
Others melt long before they become red-hot, as tin,
lead, and bismuth ; while potassivin, it common temper-
atures, 1s always an easily mouléied soft-solid, and mer-
cury is, at all ordinary temperatures, in a liquid state.
It is particularly to be observed, that metals differ
very much in the facility with whigh they unite with
oxygen. Some of them, by mere exposure to the atmo-
Sphere, absorh its oxygen with great sapidity ; such are
potassium, sodium : others more slowly, as manganese,
iron, arscnic ; ande Jead and copper still more slowly.
Others do not oxidate by exposure te air, unless at a
high temperature, as tin} zine, titaniun, wmercury, anti-
mony, bismuth, osmium, rhodium, and cobalt. Others,
again, will not oxidate by exposure to air or heat, or by
immersion in water, as gold, platinum, palladium,
iridium ; and we maytsay nearly the same of nickel :
silver is with great difficulty ‘oxidised by heat. There
are some of these metals, which, when heated red-hot in
the fire, burn with the greatest splendour, and at the
same time unite with oxygen ; of this kind are cppper,
zine, cadmium, tin, and bismuth ; columbium burns
feebly: iron filings thrown into ¢h™flame of a candle, or
exceedingly thin iron wire held in théexternal part of the
flame, will scintillate : antimony burns at a white heat;
and tellurium“burns before the heat of the blow-pipe.
In short, at intense heats, most of the metals may be
burned. But if placed in a burning jet of hydrogen,
on which a jet of oxygen is allowed to mix, they defla-
grate with intense brilliancy and great facility. On the
other hand, potassium burns by contact with a picce of
ice, with as much intensity, as others do when heated
in the oxyhydrogen flame just mentioned.
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Some of the metals, when exposed to heat, not only
melt, but obey the general law of other bodies— boiling
and  evaporating when the heat s sufficiently high.
Thus, mercury, zi¥, cudmmm blsmuth tellurium, and
antimony, boil and L‘Vapt)ldtc at a moderate heat : it oY
even known that, in a Torricellian vacuum, mercury is
cvaporated a# ordinary tempcratpres: silver and lead
require a higher heat; tin angl cerinm a violent heat: gold
will only cvaporate in a slight degree, utider the wmost.
intense heat that cangbe applied; and iron,® nickel,
manganese, uranium, and chromiom, cannot be made to
evapoiate in the most intense heat with which we are
acquainted. Arseni(’ evaporates withoait meltfng.

In evaporating, Sgme of the mgtals atford a peculiar
smell.  Arsenic vapour has the odour of garlic; tellu~
rium smells like horseradish ; and osmium®akes its namc®
from the smell of its vapour. Some have a smell when
rubbed, without being heated.

There are instances, even, of some metals assuming
the state of vapour, 2z 1d maintaining it permanently ;
but, to do so, they require to be combiney with a gas.
Thus, arsenic and telluriun, unite with hydrogen gas,
and form gases, called arseniuretfed and telluretted hy-
drogen gas. Zine, in siwall quantity, also dissolves i
hydrogen.  There are compounds of tellurium and hy-
drogen, and of bismuth and hydrogen, which are even
capable of existing in the selin form ; the former is
soluble in water. ’otassi'un dissolves in hydrogen, but
the compound sponta; #cgusly decomposes after a while.

Some metals, wijen “combined with oxygen, afford
oxides, which possess the properties of acids; they are
called metallic wecids.  Arsenic afforde two oxides,
which act in the double capacity of bases and aciffs. Of
the three oxides of antimnony, the deutoxide and peroxide
are acids, The following inetals afford each two oxides,
the protoxide being a base, and the peroxide an acid:
— tungsten, colutbiuin, titanium, chromium, uranium,
tin, vanadium, and, perhaps, gold. Two metals, mo-
lybdenum and cobalt, afford three oxides each ; the per«
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oxide of both being acids. Of the four oxides of man-
ganese, the p(,ro‘(ule is an acid. The fellowing metals
produce two oxides” cach, both of which act as bases:
——platlnum, pa]la(hum, rhodnum, wold ? silver, mer-
eyry, cerium, nickel, iron. With zine and cadmium,
oxygen combines in one proportion only, and the oxide
acts as a base. Lead and copper give three: oxides each,
all bases. Iridium is s.lppo‘ed to have four oxides; and
osmium, five ; but nothing is certairly known of them.

Scinc metallic oxides are alkaline in a high degree ;
such are those of potassium, sodium, and htluum. I\me
other metals afford oxides of  less alkaline vature ; they
were formerly called carths; caldiam, barium, stron-
tium, magnesiumn, yttrium, alulmnum zirconium ?
thormum glucinum: the first folr earthy oxides change
‘vegetable yeliows to brown, but the last six do not
afteet them.

Tellurium, by combination with hydrozen, is con-
verted into an acid, as well as with oxygen.  Several of
the metals, when acuhhed by oxygen, combine with
hy(lroﬂuonc avid, and formm double acids ; such as chro-
miun, tungsten, molybdemun s co]umblum , and titanium.

T he names of tlwcmetalllc acids arc arsenious and
*“arsenic, antimonious and antimenic, tungstic, columbic,
titanic, chromic, uranic, stannic, vanadic, auric? mo-
lybdic, cobaltic, manganesious and manganesic, telluric
and telluretted hydroges, fluochromic, fluotungstic,
fluomolyhdie, fluocolumbic, fluotitanic. The %lkaline
and qarthy oxides are potash, sod.(, lithia, lime, baryta,
strontia, magnesia, yttria, alumina, #rconia, thorina, and
glucina, .

Many of the metallic oxides, when taken into the
stomach, act as poisons. Oxide of arscnic is a notorious
and virulent poison ; oxide of copper is less virulent
than arsenic ; oxide of lead is a painful poison ; oxide
of nickel is known to be a !poison; and peroxide of
mercury, unless in small quantities, is of a poisonous
nature.

- With regard to the alloys, it is necessary to observe,
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that many of themn arc more useful than the metals of
which they are composed ; and possess properties a good
deal different from their elements,” The most useful of
all alloys, brass, is\'om'posed of zinc and copper: it is
harder, more casily melted, more close grained, betger
coloured, and less liable to tarnish, than CcopRer ; it is
less brittle, mnd in every way jnore serviceable, than
zine.  Pinchbeck is compased of the same materials as
brass, but in diffieent proportions, the %ine predoming
ating.  Of copper andetin — two very soft an® flexible
metals — are composed the .alloy called hell-metal ;
which is harder than ir8n, very brittle, and sonorous.
Of the same materidls, but in different proportions, arve
composed mirrors jeangl the kinds of ordnance, impro-
perly called brass cannon.  Pewter is composed of "tin
and lead, sometimes with the addition of® zine, copper,
or bismuth. Plates for stamping ngusic are composcd
of tin and antijiony ; and printing types are formed
from the alloy,of antimony, load, and, perhaps, a Httle
bismuth. Tin foil i. an alloy of lead and tin; and
plumbers’ solder is composed of the same%metals,  Fu-
sible metal is bismuth, Jead, and tin. The amalgam of
zine and mereury is used for excigitg clectric machines H
that of mercury and tin is the compound employed for
what is called silvering looking- glasses. The alloy of
gold and silver with copper, for coins, has been already
noticed. *

In our search after the metallic productions of na-
ture, we by no mean ®generally find them dissemigated
through the earth jn their metallic state. Sometimes
they do occur native. Gold is found slightly alloyed
with silver or copper. Platinum is always found alloyed
or mixed with iron, palladium, iridium, rhodiun, and
osmium. Copper, silver, mercury, antimony, bismuth,
arsenic, and tellurium, occur both in the native metallic
state (although never perfectly pure), and also mineral-
ised by other bodies. Lead, zinc, tin, antimony, iron,
&c. are constantly found combined, or mineralised by
sulphur. Metals are often found combined with oxygen,
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or with oxygen and carbonic acid. The comnbination of
a metal with its mineralising substance is called an ore ;
and it is in the state'pf ore that metals occur when they
are not found native. Ores sorpetil‘.fics possess metallic
lugtre ; sometimes they appear stony, and sometimes
earthy. In many instances they are crystallised into
regular forms; and qften they are amorphous (shape-
less) masses. Ores are found in large fissures in rocks,
callal veins ; ‘and often in beds o$ earth. The re-
ductiencof them to the metallic state is, generally, a
difficult process.

CHAP. II.

COMPOUNDS OF SOME KLEMENTS AS PRESENTED BY
AINE VEGETABLE KINGDOM.

v
I treating of organifed bodics, we have shown that,
notwithstanding the variety”of aspects under which
vegetable substances are presented to us, and the
striking difference of th(eir properties, they are all
composed of four ultimate elements. The combind
ations with each other, into whi¢h these enter, are,
however, various ; and each form of combination pro-
duces a substance of a different fiind. 'These sub-
stances, associated with each other more or less nu-
merously, compose the vegetable structure ; and, being
the more immediate objects of sense, in the investigation
of any organisation, they are called their prorimate
principles.  Kxisting ready-formed in woods, roots,
leaves, flowers, fruits, and seeds, we find a considerable
number of proximate principles, as acids, 2lkalies, sweet
principles, bitter principles, oils, exudations; some
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poisonous, others wholesome ; some spontaneously se-
parating, others remaining obstmately combined. To
give a brief account of the chief of these, is the object
of this chapter.

Sgcrron If
[

NCIDS OF VEGETABLES.

()

Citric acid. — The acid of lemons exists in theim
Jjuice, combined with a comsiderable portion of mucllage,
which disguises its ptoperties, and renders it perishable ;
it has, therefore, b¥¢n an object to remove this, when
the acid is to be preserved or when its real propertics
are to be examined. The process which 8ucceeds best,
is, to present to the juice any su flanct. which has a
stronger affinity to the pure acid than the mucilage
has; and whlch by forming a compound that wdter
cannot dissolve, will permit our washing it with water
to remove the mucilage. The substance 8dded is then
to be withdrawn, and the acid remains pure. From
the Latin word, citrus, a lemon trpes this acid has been_
called citric acid. The catline of the process is as
follows : — Add to strained lemon juice as much pow-
dered chalk as will saturate it. A powder subsides,
from which the liquor whicl® lloats above should be
decanted ; and the powder washed with various affu-
sions of warm water, ufitil the washings come off wigh-
out taste. Dilute sulphuric acid should be heated on
the powder : the acid liquor should then be pressed out
through linen, —and evaporated, until a pellicle appear
on the surface ; on cooling, crystals will form, which, if
not white, are to be dissolved in water, and the liquor
filtered, and again evaporated In 100 grains of these
cryst,a.ls, there are 23% grams of water, and the re-
maining 76 are pure acid, in its most concentrated
form. These 764 grains of pure acid are composed of
42°1 of oxygen, .51 58 of carbon, and 2:63 of hydrogen.
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1t is commonly estimated, that an ounce of crystallised
acid, dissolved in a pint of water, affords an acid of the
same degree of sourfiess as average lemon juice: ac-
cording to Dr. Barker, of Dublin, £40 grains of the
crystals arc necessary. But water is capable of dis-
solving a much greater quantity of the crystals ; at 60°,

it dlasolves onc quarter more than its own weight ; the
solution will not keep for any great length of time. The
evysials, if much heated, turn black, and are decom-
posed. “Their shape is that of a rhomboidal prism.
They dissolve in alcohol.

Sorbic acid. — Apples, when unripe, have an ex-
ceedingly acid taste. Beside a peculiar acid, the juice
contains, like that of lemons, a cor)sulcrable portion of
mucilage. From the Latin word, malum, an apple,
this acid was denominated malic acid, by Scheele, who
discovered it in 1785. In 1815, I examined the acid
juice of warious fruits; and, amongst the rest, that of
the sorbus, or pyrus avcuparia, which Scheele had al-
ready pronounced to contain the malic. But as this juice
proved to cor«ain an acid possessed of properties totally
different from those attributed by Scheele to malic acid, I
Junferred that the acic of sorbus berries was onesuigeneris ;
and I described it in the Philesophical Transactions under
the name of sorbic acid. Shortly after, the subject
_ was undertaken by Vauquehn whose results coincided
" pretty nearly with mine: Braconnot, also, undertook
an examination of the acid; and he declded thAt it was
a ngw one: but, in some tlme after, he made a new
set of experiments ; and he then declared that the acid
described by me was no other thdn the malic, except
that malic a.id, as obtained by Scheele’s process, is
Toaded with inipurities, which. are removed by mine.
In this state the question still remains.

As the properties of the acid derived from sorbus
berries are totally different from those which Scheele
described as belonging to the malic, I think the name
sorbic acid is less likely to occasion misconception. It
may beprepared by pounding and expressing the berries
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of the sorbus aucuparia, or service tree; and adding
solution of sugar of lead until it cease to occasion a pre-
cipitate. 'The precipitate is them to be collected on a
very large double fMter pf paper, and boiling water is to
be allowe(l to run through until the matter on the filter
has grown granular and hard. The water, or cooling,
will afford Meautiful crystals, which are to be separated
by a filter, diffused in dis#illed water, apd a stream of
sulphurette(l hydrdgen passed through, until fur;her ad®
ditions ccase to throw«lown a black precipitate: this
black precipitate being filteredeoff, the clear liquor is to
be boiled down to a gyrupy consistence. This is sorbic
acid, almost pcrfec}]y pure. By meafls too tedious to
describe here, it may by made to erystallise. ‘I his acid
is composed of oxygen, hydrogen, and,carbon; bute
there is no use in stating quantitics, as the results of
analyses are discordant. .

Sorbic acid is.contained in a number of fruits, be-
side apples andgsorbus. berrics. ¢

Tartaric acid.— Fvery one knows, thatgwhen a large
quantity of the juice of srapes is left t& spontaneous
fermentation, the result és wine. When wine has been
kept some time to depurafe in ‘wgoden vesscls, it dem-
posits, on the side of the vessel, a Yard crust of dark
coloured matter, the taste of waich is sour. This
matter is impure ; but, when purified by various crys-
tallisations, it becomes perfectl}; white and crystalline ;
and then it is known in commerce by the mame of
cream of tartar. The etymolot.,y of the smgular nitme,
tartar, is uncertain: :p it is derived from =dprapss, as
some say, because it occasions pains equal to those en-
dured in the infernal regions; and, a$ others say,
merely because this substance deposits itsclf in the in-
ferior parts of the cask. Tartaric acid may be ob-
tained from cream of tartar by a process analogous to
that given for obtaining citric acid. 1t has an exccedingly
acid taste: it dissolves readily in water, and is soluble
in alecohol. 1Its crystals are of a very irregular shape.
In 100 parts, by weight, there are 12 of water ; the
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remaining 88 parts are the pure anhydrous acid, com-
posed of 3239 parts of carbon, 52-97 of oxygen, and
264 of hydrogen.

This acid exists abundantly in otider fruits, but es-
pecially in the tamarind ; in the grape it exists along
with citrie, malic, and an acid called vinic, which re-
sembles tartaric acid ir many respects, bu#differs from
jt in others, and concerning the nature of which almost
¢.othing is known : these four constiute the agreeable
tartness of the juice of that fruit.

Ouxalic acid. — The plant called sorrel is valued for
its acidulpus taste. This acidity is owing to the pre-
sence of a peculiar acid, which may be separated from
the juice, and from :he potash with which it is com-
dined, by a process analagous to that, described for the
preparation of citric acid. It has obtained the name
of oxalic acid, from the generic name of the plant, oxalis
acetosella. .

This acid forms readily into regular crystals, of
which one half the weight is water, the other half being
pure acid. 1t is a remarkable circumstance in its con-
stitution, that it contains no hydrogen, and that it con-

-<sists merely of carborcand oxygen,—there heing twice as
much oxygen as ifiere is €arbon. So that it differs
from carbonic acid merely in the rclative quantities of
its ingredients. Oxalic acid can be prepared by an ar-
tificial process, with greaf case, from sugar, and 6 times
its weight of nitric acid,—the former affording the car-
bon *necessary to its formatioli, and the latter the
oxygen. It is only necessary to; heat the nitric acid
on the sugar ; the sugar dissolves, and there is a violent
effervescence, which must be moderated by immersion
in cold water: when the mixture cools, crystals of
oxalic acid form in abundance, which may be purified
by a second crystallisation.

Oxalic acid is an active poisor; many persons have
fallen victims to its virulence, by having swallowed it
in mistake for Epsom salt, which it resembles in ap-
pearance. In all probability, this would not prove to
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be the only vegetable acid capable of acting as a poison.
Chalk finely powdered, and diffused in water, is the
proper antidote to-¢he poison of Sxalic acid. '

Guallic acid. — We Bave now to consider an acid of
a much less decided character, although possesse(f of
striking properties, than any of the foregotng: it is
obtained from gall nuts; and fhence has been called »
gallic acid.  The process for preparing isis very sirgple :
introduce coarscly powdered galls into a glass retort,
and heat the belly of °the retort gently and gradually
until crystals form on ghe k. These crystals are
gallic acid, which «ises in vapour from tlfe galls in
consequence of tke heat: the vapour, as soon as it
comes in contact with®the cool part of the glass, con-
denses, or becombs solid there ; and new particles of
acid continually fixing in the same way, and joining
each other according to the symmétrical arrangement
described in the® chapter on cohgsion, crystals are fosmed
just in the saifle mant.cr as if a liquid by cooling had
crystallised. Whenever a solid is thus gonverted into
vapour by heat, and the vapour by being cooled again
becomes solid, whether® assuming the form of crystal or
not, the solid is said to have bdbg sublimed ; and the
process itself is called .s'uhh'mation, because it is gene-
rally performed in tall vessels,—the solid taking a high
station in the vessel, as it cotl.l not cool nearer to the
source of heat.

The claims of the gallic to be considered as an acid
. are not very decided. °It has been stated by Berztlius,
that it does not red¥en litmus ; but others affirm that
it does. Its taste is scarcely acid; it,is rough and
bitter ; but it possesses the property of neufralising
alkalies, and of expelling carbonic acid from the car-
bonates.  Its most remarkable property is that of
changing the colour of solutions containing iron to an
intense blue-black colour; and it is partly owing to
the co-existence of gallic acid and peroxide of iron in
ink, that its black colour is attributable.

. T3
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The crystals of this acid dissolve in 12 times their
weight of water at (Q°, or twice their weight of water
at 212°. 100 grains ©f it consist of 56°25 carbon, 875
oxygen, and (-5 hydrogen. -«

Other acids.—'There are a number of other acids,
which, being of little use, and not possessed of any re-
markable properties, 1t will be sufficient merely to
allude to. . ¢ .

W Benzgic acid is contained in the odoriferous resin
called benzoen or benjumin, atd may be*obtained by
gentle sublimation in theesame manner as gallic acid.
Moroxylie acid is produced from the bark of the mul-
berry trce ; ulmié acid from the bark of the elm, and
from various other vegetable sources™ kinic acid is pro-
eured from the bark of the cinchona tree,—the same
which affords Peruvian bark. From turpentine, an
exudation from various specics of pine tree—are derived
silvie and pinic acids. From poppy-heads is obtained
meconic acid : from carrots and other vegetables, pectic
acid may be (separated. The roots of the krameria
triandra, or riatany, a Peruvian mountain shrub, contain
kraweric acid.  Asparagus shoets afford aspartic acid.

- Bhe seeds of the ctﬁn tiglium furnish ecrotonic acid.
Beside the foregoixsf, there dfe threc or four others not
worth naming. ‘

The acids which have been just described exist
ready formed in the fruits, barks, seeds, seed-capsules,
roots, &c. of plants; they arc, simple educts. But
there are others having a vegetable origin, which do not
exist in plants as acids, but may berformed by chemical
changes produced on certain clements contained in
vegetakles which afford the base of the acid: these are
acid products ; some are produced by the agency of fire,
others by the action of nitric acid.

When citric, sorbie, kinic, tartaric, and mucic acids
are distilled at a high temperature, they undergo de-
composition ; and, by a new arrangement of the ele-
ments, new acids are obtained. Their names remain
the same, with the word pyro as a prefix, derived from
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@vp, fire, indicating the manner of their production
‘Thus, we have pyrocitric, pyroserbic, pyrokinic, pyro-
tm'tarir, and pyromucic acids: they are all capable of
assuming the crystallime form ; and differ materially in
their properties from the original acids previousl} to
their being a]tered by fire. .

There are other acids geneyated by similar means,;
but they have simple nanfes without any prefix, because
they arc not known to exist in any previous agid “statd,
Thus, amber, a substfnce of vegetable origin when dis-
tilled, aﬂ'ords an acid in grysmls called succinic (sucei-
an, amber).  When castor oil is distilled,s two acids
are generated ; they have becn namell ricinic and elai-
odie acids. ® . ¢

When potash,*a substance chiefly of vggetable origim,
is exposed to a powerful heat along with carbon, an
acid is produced, which, on account®f its saffron colour,
is called crocoaws acid. If pinic acid be exposed to
heat, its nature is alt« red : it becomes a new acid, and
has been called colophonic ; but this is én unnccessary
innovation on the cstablisl.ed method of *nomenclature ;
it should be denominated pyropinic acid. The acids
which follow are generated by tiag action of nitric aeid °
on a compound vegetable basis.

Carbazotic acid. Indic acid. Aloetic acid.—Indigo,
when acted on by nitric acjd, affords products which
vary with the strength of the nitric acid employed.
When the acid is strgng, and its action on the indigo
is maintained by a moderate temperature, the elatter
dissolves with consglerable effervescence, and a solution
is obtained, which, on cooling, deposits transparent yellow
crystals. These, when purified by various pwocesses,
constitute what is called carbazotic acid,—the name being
derived from the circumstance that carbon and azote
enter into its composition.

This substance reddens vegetable blues, yet its taste
is only bitter. It may be sublimed by a slow heat ;
but by a strong and sudden heat it is kindled, and is
consumed with a yellow flame, It forms a variety of
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crystallisable salts with alkalies and earths, the most
remarkable property ot which is that of exploding when
heated.

When indigo is boﬂed with nitric’acid much diluted,
ané water continually added to prevent concentration
by the evoporation which takes place, a yellow solution
is procured, which, or cooling, affords dcid crystals.
These, being purified by means not necessary to describe,
wonstitute indie acid, or, as it has been called, indigotic
acid,—a name which does not seem to be more expres-
sive, although more cumbrous. This acid is obtained
in white silky crystals, which have an acid bitter taste.
When heated, it comports itself nearly in the same
manner as the carbazctic. It comsisus of 45°454 parts
Af carbon, 40404 oxygen, and 14-142 azote, in 100
parts. Carbazotic acid consists of the same dements ;
but the ratio is different ; the carbon being but two
thirds, the azote double, and the oxygen the same, of
the quantities which compose indic acid. This ap-
pears by the gnalysis of Dr. Buff. When indic acid
is acted on by strong nitric acid, it is converted into
carbazotic. M
«Braconnot had disgovered, that when nitric acid is
heated on aloes, ag4fellow flotulent precipitate appears,
very little soluble in water, and, when pure, manifesting
the properties of a peculiar acid, which he called aloetic
acid. When this or its crystallised combinatign with
potash is heated, it detonates with a purple flame ; in
the letter case the smell of hydrecyanic acid is percep-
tible. Liebeg obtained the same pesults, but he was
misled into the belief that nitric acid enters.into the
composition of' aloetic acid, and is combined with a
peculiar bitter principle of aloes not possessing the pro-
perties of an acid.

But whatever might be the nature of aloetic acid, he
found that it possesses some extraordinary properties.
Silk boiled in its solution acquired a beautiful purple
colour, which was not affected by soap, nor by any
acid except nitric, and this changed it to yellow; but
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mere washing in cold water restored its former fine
purple. He found that all shades may be given by
proper mordants. To wool, a® particularly beautiful
black is communicRtedsby this substance, on which light
has no influence. Leather takes a purple, and cofton
a rose colour from it, which gives way to soap. To
silk it also cdbmmunicates a rosescolour,—the only per- 4
manent one known. ’ o .

M. Liebeg afterwards found that he, as wel] as Bra<
connot, had mistaken the nature of aloctic acid. His
new researches informed him ¢hat aloetic acid is a cora-
pound, consisting of carbazotic acid, combincd with a
peculiar substancegpossessing the properties of a resin.
Carbazotic acid, h& faund, 1s an excellent test for dis-
covering potash ; sthe carbazotate of potash requires »
large quantity of water for its solution; hence, when
dropped into solutions of potash, even of sulphate of
potash, a precipitate is produced. Nay, it occasiqns a
precipitate ineinfu-ion of lithus, on account of the
minute quantity of potash which that ?bstancc con-
tains.

The action of nitric acid on indigo was first observed
by Haussmann ; he obtained a bigger substance from #;,
which he did not recogRise to&an acid. It was
called the bitter principle of Haussmann, but was really
impure carbazotic acid. Wglter ascertained that, by
digesting nitric acid on silk, a bitter principle, which he
called amer, is also pypduced, and it was supposed to be
identical with that obtained from indigo. Liebég in~
vestigated this subject ; he obtained from silk the same
crystalline matter as from indigo; showed that both
form the same compounds, and that the;v are, im short,
the same acids. Chevreul had denied that the bitter
principle is an acid ; he considered it to be a combin-
ation of nitric acid with vegetable matter ; but he as-
certained that an acid may be procured' from indigo by
the action of dilute nitric acid. This is the acid to
which the name of indic is here given.

Mucic acid. Camphoric acid. Suberic acid.—By
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acting on sugar of milk with nitric acid, both undergo
decomposition, and ,an acid in the form of a white
powder is produced, which is called saclactic acid (sac-
charum lactis). T1f nitric acid be fnade to act on gum
Artbic, the very same acid is formed ; and hence it has
also beenanamed mucic acid, and considered to be a
vegetable acid.  If camphor be similarly treated with
nitric acid, we obtain a substance in crystals, called
ozmphoric acid.  And if cork be acted on by nitric
acid, a crystalline acid is generand, called suberic, from
suber, the cork tree. "

Secrion IR

ALKALIES OF VEGETABLES.

«

It has been discovered that acids are not the only
class of bodies which vonstitute the wost decidedly
characterised component parts of vegetables. Tt is
known that afkalies exist already formed in the plant
as one of its constituent parts, in the same way as
agids, and with far guore decided properties; and it
is certain that thepfare no#generated, as is the case
with potash and soda.« Several of the substances which
have been announced as alkalies, manifest alkaline pro-
pertics in so undecided a‘manner, that they hage been
distinguished by the term alkaloids, in order to imply
a relption or resemblance, rather ‘than an identity with
the alkaline nature. The propertieg of these substances
are not of sufficient interest, at least to the chemist, to
call for, descripcion in so small an elementary treatise as
this: a few short notices shall suffice.

Quininn and Cinchonia are alkalies, which have been
discovered existing in the different species of cinchona
bark, in combination with kinic acid. They have a
considerable resemblance to each other, but are suffi-
ciently distinguished in certain properties. They have
a bitter taste; they neutralise acids, and form crystal-
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lisable compounds, some of which are used in medicine ;
and are supposed to concentrate w them all the medical
efficacy of the cinchona barks ;® but it seems probable
that this conclusion iw founded on insufficient or exag-
gerated grounds. Cinchonia readily crystallises: 1t is
insoluble in cold water, and requires 250@ times its
weight of b.oiling water : alcohpl and ether dissolve itge
Quinina possesscs nearly the same properties, but it
does not crystallise. TI'he alkaline properticy o both
are strongly marked. ® Morphia is an alkaline substance
obtained from opium, in,whieh it exists in combination
with meconic acide It has been supposed ¢o concen-
trate in itself thessedative virtues of ‘opium ; while the
stimulating effects’ of that medicine are imagined to
reside in a differént principle, narcotine, which may te
obtained from opium in a separate form, and which
does not manifest the properties dither of an acid -or
alkali. On thi¢ subject Mr. Brande observes, ¢ Itanust
be admitted that tie composition of the active prin-
ciple in crude opium is yet but imperfecgly understood :
and it is possible that narcotine, in some peculiar state
of combination, may céhtribute to igs powerful qualities :
it cannot be admitted that they aN¢ referable to morphia
only, for 100 parts of opium do Mgt yield more than
7 of that base; so that were morphia the true active
essence of the poppy, it showid produce (when extracted
in its active saline state of sulphate or acetate) effects
commensurate with 4 the fourteen-fold concentration
which the opium has undergone. Yet morphia, or
rather its soluble sats, may be givem in nearly the same
doses as crude opium; and a grain of opium and a
grain of acetate of morphia are not widely different in
their operation as sedatives.”” 1f these facts have been
observed in a sufficient number of cases, they seem to
negative the statements which have been made with
regard to the relation of acctate of motphia and mor-
phia to opium, in point of strength. The former is
affirmed by Orfila to be one of the most powerful nar-
cotic poisons of all the salts of that alkali: and Ma-
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jendie says, that a quarter of a grain is a full anodyne.
Sertuerner found that one grain of morphia produced
stupor, and that an‘additional half grain produced
alarming symptoms. Perhaps ¢he discordance of the
different statements may be referable to the different
circumstagees under which the experiments were made :
for solid morphia is by far less active than morphia
in solution. Much s yet to B known, before the nature
of morphia can be said to be understood. It is, how-
ever, a decided alkali: it is obtained as a white crys-
talline powder, very dificultly soluble; and to this
circumstarce may its inertness be attributed, just in the
same way as sulphate of barytes is inert owing to the
same cause. The experiment seems, however, a very
#nsafe one ; as acids in the stomach may easily develop
its powers by promoting its solution.

Strychnia is one of the most powerful bitters and
poisons of all the substances in naturé, and possesses
the remarkable property” of inducing sytaptoms of the
discase called Jocked jaw. It may be said to be inso-
luble in watér. It has of latc been much used in
medicine, in paralytic affections, applied in minute
quantities on a blistpred surface, or even given inter-
nally. 4}: “

Brucia is also a violent poison, capable of inducing
locked jaw and tetanus.’ Tts intensity as a poison, to
that of strychnia, is as 1 to 12. It requires 509 parts
of water for its solution: it dissplves in alcohol, but
not it ether. It has been extravted from the bark of a
tree common in Abyssinia, called uj0ginoos, or brucea
antidysenterica, 1t has also been called false angustura,
and was sold for real angustura, — a fraud or mistake
which at the time created dreadful consequences. It
is singular that Mr. Bruce, the celebrated traveller,
whose name the bark bears, being attacked, while in
Abyssinia, with the dysentery which ravages that
country, was actually cured by taking » heaped. tea-
spoonful of the powdercd bark of the root twice a-day,
—a circumstance which induced him to bring the
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seeds of so valuable ‘a plant to England, where it has
grown. The effects of this dose do not seem to cor-
respond with the known charactgh of the alkali which
has been extractedefrom it. Perhaps brucea, in small
doses, might have beneficial effects in the dysentery of
this climate, . o

Digitalieds said to be an alkali procurable from the
leaves of the foxglove, or digitalis purpurea. The€
only substance which I could find in foxglove leaves,
that seemed likely to le the active principle, whs a sub-
stance possessed of the most intense bltterness but I
did not observe that it swas “alkaline. suppose that
this bitter substance is the narcotic .prmclp'le merely,
from the analogy %ef other violeny narcotics, which are
almost always bitfer,

Ilyoscyama, Atropia, Veratria, Iwetina, &ec. ar®
derived from henbane leaves, deadly, nightshade leaves,
white hellebor(, root, and hippo root, &c.: they need
not be described.

Seorion III..

OTHER PROXIMATE PP&ICIPLES\;“‘VEGETABLES.

Having now briefly described the acids and thief
alkalies which are found in®vegetables, we procced to
some other proximate principles.

If we take any fecent vegetable, and boil it for a
length of time in water, then pour off the water, add
new water, and bofl again, and so on, five or six times,
the plant will be much changed in its nature. Jt loses
its taste ; its medical qualities, if it possessed any per-
“haps its colour; and most generally nothing remains
but an inert fibre, possessing no other properties than
those of wood, and resembling common wood in all its
physical qualities. It is, in fact, woody fibre, and
constitutes the solid basis of all vegetable structures.
1t is called lignin, from lignum, wood ; and it consti-
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tutes from Q6 to Q8 per cent. of the weight of the m-v
ferent kinds of wood. — ( Thenard.)

When lignin is suhiected to distillation in ant’ irbn
tube or retort, the same changes e:cur (p. 125.) as
those which take place in the distillation of wood ; ﬂl’p
same gaseous compounds of oxygen and carbbn, gnd:
hydrogen and carbon, the same peculur kind of acetic
“ucid, are evolved, and charcoal remains.  Hence, lignin
ig composed of* oxygen, hydrogen ard charcoal, Just
like woode; there being, in 100 grains, 52 of carbon, arid
48 of oxygen and hydrogen, in the ratio which forms
water.— ((m y- Lussae and Thenard. % There secms also
to be some"azote present, although i s quantlty has not
been estimated.

The most remarkable of the properties of lignin, or
fither of mer: wood, have been discovered only of
late ; and although very striking, they seem not to have
been followed up with the perseverance which their
impoftance demands. 1¢ sawdust, obtained from the
wood called hornbeam, which is an exceedingly hard
sort of timber,”be well mixed up with a sufficiency of
strong sulphuru acid; and when the mixture has
grown clear, if chalk be added, and the liquid strained,
* and boiled down to ‘yness 30 thc substance remaining
in the vessel very”closely resembles gum Arabie. It
has no taste; it is transparent and yellow ; it breaks
shining like gum ; will unite fragments just as sglution
of gum does ; and, like it, forms a varnish when its solu-
tion ig.aid on evenly. “

But a still more singular fact is, that if this pecu-
liar gum from wood be once more mfxed with sulphuric
acid and heated, the gum is converted into a sugar,
which, fn many respects, resembles common sugar: it
is crystallisable. -

M. Braconnot, whoascertained these remarkable facts,
further discovered that a piece of hemp cloth can be
dissolved in sulphuric acid, and that the same products,
gum and sugar, may be obtained: for the chief con-
stituent of hemp is lignin. He also found that the
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sugar thus produced i§ mixed with a peculiar compound
of sulphuric acid and vegetable matter, which is easily
separable from the sugar, and yhich possesses acid
properties different §rom those of all other acids. He
_gaye it the name of vegefo-suiphuric acid. It differs {frem
" sulphuric acid in not producing any precipitation when
poured intoesolutions of lead or baryta. When the
salts formed by it are decomposetl by heat, the vegetable «
matter is resolved into chfrcoal, part of ‘which deeom-
poses a portion of the gulphuric acid, and evolves sul-
phurous acid ; the remaining part of the sulphuric acid
combines with the base of #he original salt, forming a sul«
phate; and this is fouhd mixed with the gesiduafl charcoal.

These changes fapcar extraordipary to those who are
as yet unacquaintgd with the composition of the bodies
concerned. But when we come to reflect that wood, hemp,
gum, sugar, and various other vegetaple substances, are
composed of th: same elements, combined in different
ways and different yroportions, the conversion of ‘one
into another by artificial processes becomes less amazing.
We are then less surprisec that the carbory oxygen, and
hydrogen, which this njoment constitutes wood, should
the next moment be the cazbon, oxygen, and hydrogey,
that constitutes gum or sugar. LMmin consists of the
same clements in all kinds of wnod'®its difference of
hardness is attributable to the state of cohesion.

With lignin are associatell various other bodies in
different woods and plants. Resins exist abundantly
in them, and in gres variety. In the different spe-
cies of pine-trec we discover that Qeculiar liquid re.
sin called turpentir®. We find it cxuding spontane-
ously, and in the greatest purity, frome wounds made
through the bark, or from the sections of lopped

. branches ; and the cones of the larch smell strongly of
it. Turpentine is sometimes trapsparent, sometimes
opaque ; but it always becomes transparent and hard by
age. When submitted to distillation, a thin, colourless,
highly odorous liquid comes over, consisting of hydrogen
and carbon, and called essential oil, or spirit of turpen-
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tine. What remains in the body of the still is common
resin or rozin, and is called white resin, if the water
(which is always put*into the still along with the tur-
pentine) was not all boiled away ; ar black resin, if it
wag. Different trees and shrubs afford different resins
by spontaneous exudation ; some of them being odori-
ferous, as'myrrh, olibanum, &e. P
*  Resins are nearly trénsparent, and always coloured :

by age their colour becomes™much deeper ; they have
@ pungent taste, and contain a strong smelling oil.
Amongst their most characteristic properties are, their
insolubility in water ; their ready solubility in alcohol,
with whi¢h they generally form a“varnish; and their
re-appearance in the state of a fine white powder floating
in the liquid, when water is added to their alcoholic
tsolution.  If r resin be heated, it generally melts ; but
on cooling, it hardens again: if much heated, it burns
with a dense flame and much smoke. When a resin is
exposed to heat in a distilling apparatus, the odoriferous
oil distils over, and leaves the resin behind ; and so far
altered, that it'is now harder, darker coloured and, com-
paratively, destitute of smell. In this odoriferous oil
ls supposed to reside almost the whole of the medical
virtues which this cY%s of hodies are sometimes valued
for possessing ; ar¢) being considered the chief ingredient
or the essence of the thing, it has obtained the name of
essential oil. From the Eircumstance of its speedily
evaporating, or flying off, when exposed to the air, it is
also ca]led volatile oil, .

Essential oils vary much in their physlcal qualities :
their smell and taste, both pungent;¢differ in each case:
their colour is generally very light when newly distilled,
but by ‘age they become brown: they are mostly pale
yellow, but some are green, and others blue. When'
shaken with water, key appear to mix for a moment ;
but in a few minutes almost the whole of the oil elther
swims or subsides to the bottom, according to its spe-
cific gravity. But the water acquires much of the
pungent and peculiar taste of the oil ; a proof that some
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of the oil has remaihed in solution. Time causes a
greater quantity to dissolve.

Essential oils are obtained from resins, from the bark
of the wood, from ghe wood itself, or from the leaves,
flowers, or rind of the fruit. 'The seeds of plants
ajmost always contain an oil ; but its nature, is gene-
rally differegt from that of an essential oil. When
exposed to the air, it does not ®vaporate, but leaves a ¥
greasy stain, and remains fixed ; and froth this ciroum+,
stance it has been calledfixed 0il, in opposition té volatile
oil. Some sceds, however, contam a volatile oil of great
fragrance. .

Fixed oils have always a greater gonsistchee than
volatile oils ; their%aste is mild ang bland ; they do not
dissolve in any quantify of water ; and they are much
less inflammable, generally ruqmnng tode heated to ®
their boiling point, which is in all gases high, hefore
they catch flame; while volatile oils catch flame at much
lower temperatures. Volatile qils are inflamed by the
affusion of nitric acid ; but fixed oils require a little
sulphuric acid to be mlxo(‘ with the nitric.$ The former
dissolve readily in alcohgl ; but of the latter a few only
dissolve. .

There are two substances.found‘h plants which seem
to have some analogy to fixed angl viMtile oils; these
are wawr and camphor. When wex is melted, it possesses
many of the properties of a fiXed oil : it may be consi-
dered both as a vegetable and an animal substance. 1t
is Fnown to be wax that constitutes the varnish on the
leaves of trees, which pfoves it to be a vegetable sub-
stance. Bees, when®confined in a room, and fed with
sugar, will produce & comb composed of wax ; the - sugar
has, therefore, been converted into wax by the animal
process which it undergoes in the bee. The myrica
cerifera shrub produces what is called wvegetable wax.
A good shrub affords seven pounds of berries, and these,
boiled in water, give out one pound of greenish wax.

Camphor seerns to possess the properties of a concrete
volatile oil to a certain extent, although it must be ad.

U
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mitted to be matter of quite a distinct nature from all
other bodies. It is volatile; has a pungent taste; scarcely
dissolves in water ; AS soluble with facility in alcohol,
from which it may be again separated by mixing water
with the solution. It also dissolves readily in oils, whe-
ther fixed or volatile. It is obtained by sublimation
from the laurus camphora. But a small quantity na-
turally exudes from th. trees in grains, and falls to the
grovnd.  There is a very precious soxt in Ceylon, which
is never imported into Europe : it comes from the roots
of the cinnamon trees.
A class of bodies should also be mentioned, in almost
cvery respect resembling resins, exc. pt that one of afford-
mg a substance when submitted tq; distillation, which
resins do not. When heat is appiied to these substances,
* a volatile oil,.as usual, makes its appearance, and trickles
down the sides of the vessel. But a little nearer to the
source of heat, we find a vast assemblage of brilliant,
white, downy crystals,, of great beauty : they have a
fragrant odour, and an aromatic taste : they dissolve in
24 times theyr weight of boiling water ; and the solution
reddens litmus, and neutralises alkalies. Hence these
crystals are an acid; and as they are generally obtained
from a resin callg. benzoen, the crystals are called
benzoic acid. o
Any resin, whether soft or hard, which, when heated
in a distillatory apparatus, affords an essential ¢il, and
benzoic acid, is designated by a peculiar name : 1t is not
they called a resin, but a bulsam  There are, however,
sublstances of a resinous natute, which are commonly
called balsams, biit which, as they,do not afford benzoic
acid when digtilled, are 1mproperly so called : thus, the
substince called copaiba balsam is merely a resin or
turpentme, it affording no benzoic
There is another variety of resin gucalled gum resins ;
they are so named; because they are composed partly of
a resin and partly of a gum.
The chief properties of pure gum—gum Arabic, for
_ instance—are, transparency, tastelessness, perfect solu.
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bility in water, viscidfty of the solution, capability of
cementing fragments, and of affording a varnish, its
total insolubility in spirit of wine.”

The properties of, gum resins are mostly intermediate
begween those of gum and vesin : if they be digestedyin
water, the gum dissolves, and leaves the resin msu]ate(l
if they be digested in spirit of wine, the resin dlqsolves,
and leaves the gum insulated ; &nd if they be digested.
in a mixture of snirit of vae and water’, the eﬂeot of,
the two solvents is exegted, or, rather, a liquorsof new
powers is thus produced, and a great part of both the
gum and the resin dissolves. Such a mixture is, there-
fore, made use of in®pharmacy for extrgcting the virtues
of gum resins, whtn they arc to be used as medicines.

Something alhgd t® the naturé of resins, although
essentially different in most of its properties, is the ®
substance called (,amltvhouc, otherw1se named I'ndian
rubber, or gum elastic. 1t Js the eXuded juice of a
pccuhar tree, which sradually pours out when the Bark
is stripped. Tt is a wmilky liquor, that hardens when
exposed to air, and becomes so elastic ag to permit its
being drawn out into threads. A tolerably strong heat
melts it into a liquid, which formssan excellent trans-
parent varnish, applicable fo iron%atensils, in order fo
prevent their rusting.  Caoutchouc dizwplves in essential
oils, particularly that of turpentine, in coal naphtha,
and in ether; but it does tot dissolve in alcohol or
water. Its solutions are used as elastic and air-close
varnishes. It is, accerding to Faraday, composed en-
tirely of carbon and hylrogen.

A substance, in external appearaf®e somewhat re-
sembling newly solidified caoutchouc, may be obtained
from wheaten flour. A quantity of flour i made
into dough with water: the dough is then well worked
in the hand under the surface of a large quantity of
water, until it no longer whitens the water. What
remains in the hand is the substance in question:
it is of a gray colour, somewhat like new caoutchouc ;
but it does not grow black by age like the latter. 1t is

v 2
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exceedingly elastic, and may be "drawn out to a thin
film ; yet it will s}mnk with elastic force to its former
dlmenslons, when alfowed to do so. Tt may be dried
in a gentle heat; and then it becopres semitransparent,
had, and horny, and very much resembles glue. ln
its moist state it undergoes a putrefactive process, after
which, and not b(,forc, it dissolves, although not entirely,
*in strong spn-lt of winé ;~and the solution is applicable
sto the uses of 2 varnish. From the ~lutinous nature of
this subktance, it has been called gluten.

Gluten thus obtained ought not to be considered a
proximate principle of vegetsbles, if it be true, as has
been affifmed, that it consists of “wo other proximate
principles, which may be separated %y kneading gluten
in alcohol, until the spirit takes' nothing further from

¢ the gluten. By evaporation of the spirit, a semitrans-
parent, yellow, brittle substance is obtained, of a sweetish
taste ; it is combustible, and burns with a voluminous
flathe. This substance has obtained a name derived
from y\a, gluten ; it is called gliadin.' That part of
the gluten Yhich remained in the hand after being
kneaded in the spirit of wine, is now hard, tough, and
dark coloured. It is called by its discoverer zimome,
from Cuuy, a fermeht; but in English it should be
called zimomins

Zimomin posscsses one remarkable property, which
may be turned to some account. When mixed with
that gum resin used in medicine, called guaiacum, the
mixture will, on exposure to the air during a few mi-
nutes, become greenish blue. Guaiacum powder mixed
with wheat flofr ‘produces a sinilar change, more
intense as the: quantity of gluten in the flour is greater ;
and in'this way guaiacum may be made a measure or
test of the quantity of this indispensable ingredient.
That fiour which has been damaged, and in which the
gluten is deficient, will afford a colour of little intensity.
Perhaps the same property may be found of use to
maltsters and brewers.

The facts relating to zimomin and gliadin were
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originally brought forward by Dr. Taddei, an Italian
chemist. They have been called in question by Ber-
zelius, who admits that the gluterpobtained by kneading
wheat flour under Water, is certainly a compound of
two proximate principles ; but that one is the glufen
of former chemists, and the other a substamece which
has been fofnd in various v retables, called vegetable |
albumen, to distinguish itefromn animal albumen, here-
after to be described. =" v

Vegetable albumen cdhstitutes no less than one quarter
of the whole weight of sweet almonds ; and, according to
Boullay, is the basig of afl emulsive grains in, place of
starch ; at least, tg the test of iodine,*there is no dis-
coverable quantity ‘of etarch assoeiated with vegetable
albumen in sweet almonds. And Thibierge also showed o
that, in mustard sced, the basis is albumen, not starch.
In Boullay’s opinion, it is the great quantity of this
substance present in emulsive grains, which rengers
them indigestille. According %o the analysis of Vogel,
vegetable albumen exists in bitter alinondsgbut combined
with oil ; constituting a vegetable cheese, "amounting to
30 per cent, of the weight of the almonds. This
albumen, like that of animals, is aoluble in cold wates,
but is coagulated by boili®s, and rendered insoluble :
both kinds resemble each other also In the common
quality of counteracting the, poison of corrosive sub-
limate. — (Taddei.) It Las been shown by Einhoff and
Vogel, that both stargh and vegetable albumen exist in
the nutritive grains ; she latter only in a very %mall
quantity. N S

The water in which flour has been kncaded, with a
view of separating the gluten, is renderel whiteewith a
quantity of floating powder. If this water be allowed
to settle, a fine white sediment will subside which.
when collected and dried, constitutes starch.

Starch dissolves in neither cold water nor in spirit of
wine ; but it dissolves in hot water with facility, and
forms a kind of jelly of well known use.

One of the most remarkable properties of starch, or, as

v 3
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it is otherwise called, fecufa, is that of being convertible

into sugar by the 1ction of diluted sulphuric acid.

‘When these two ingredients are boiled together for a great

length of time, and some chalk «dd&d, the liquor, when

strained and cvaporated, will furnish crystalline sphe-

rules of sagar, the quantity of which is about one tenth
..greater than that of the starch. This ugar is con-
“vertible into ardent spirit, lik. the common kind. Kven
“a mixtu e of starch and water, exposed to cach other’s
action for two years, is found to’contain sugar.

A natural process, similar to this in its results, takes
place in +he malting of barley : the starch of the grain
is converted info sugar, as will be hereafter shown.
Starch also appears convertible Iato a kind of gum, by
slightly scorching it: it then dissolves in cold water :
it is called in the arts, British gum.

Starch is afforced, not only from the different kinds
of grain, but from potatoes, and many other kinds of
vegetable substances. Votato starch is oiten substituted
for another kind of starch, much in demand as an article
of food, called arrow root, which is obtained from the
roots of a West India plant. The nutritious substances
called sago and tapio.a, or casava, are merely varieties
of starch extractes! from diffrent sources. The presence
of starch in any thifg may be always detected by the
azure blue which solution of iodine added to it produces.

From the facts stated, it appears that the nutritious
grains consist of gluten, vegetable, albumen, and starch ;
ar, according to Taddei, of the two last, with zimomin and
gliadin. The stare.. of potatoes, as wg)l as that from grain,
is convertible, by means of sulphuric acid, into sugar.

Sugur obtained in this way is by no means com-
parable, in point of sweetness, and purity of flavour,
with the kind which ordinarily obtains that name.
The sugar of the sugar-cane need not be described.
There are two. kinds, soft and hard ; the latter being
the purer, although it may be still further refined.
Either kind, if dissolved in a small quantity of water,
and exposed to cold, will form into regular crystals:

-~
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these are called candied sugar : the colour of the crystals
will be the same as that of the sugar employed. When
the juice of the sugar-cane is swfficiently purified and
evaporated, the sughr ecrystallises in small grains ; and
the blackish brown syrup which remains, is called eno-
lasses or treacle.

The aver&ge produce of raw sugar, from 100 gallons
of cane juice, is 108 pouyds ; and the ayerage quantit§’
of refined sugar procurable from 1 cwt. of rgw Sugar
is 61 pounds, along with 18 pounds of bastard:,, and
28 pounds of molasses, — five pounds being waste in the
process.* The analysis Of sugar will be hercafter given
under the considegation of fermentation.

Sugar is derive® frgm many sources : it is commonly
obtained from the sugar maple tree, frem beet root, and
grapes. The first method is resorted 10 in America ?
the two last in France.” Grape sugar is easily crystal-
lisable —not into regular crystals, but into grains which
form groups eof a iubercular*shape, resembling those
observable in cauliflowers. Nothing is Jgasict than its
formation : grape juice is to be saturated with chalk,
clarified with white of eggs or blood, and evaporated.
After some days, it assunes thg form of a crystalljne
mass. — { Thenard, Traité, iii. 201.)

The substance to which the hamdextractive matter
has been applied, is no long.r admitted as a peculiar
proximate principle. Itisquite clear, that if a vegetable
be boiled in water, removed, and the water boiled down
to a soft-solid consistance, the result must be a mjxture
of all the soluble substances which.the vegetable con-
tained. There is, therefore, no such thmg as extractive
matter known.

But there is a substance obtainable from certain kinds
of vegetable matter, by the above-mentioned process of
extraction, which possesses remarkably distinctive pro-
perties. It may be procured from oak bark,gut galls,
and some vegetable substances which have an astringent
taste, by boiling in water, and evaporating the decoction

. * Porter on the Sugar Cane. London, 1830, pp.73. 272.
U 4
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to dryness ; a mass will result, containing several ingre-
dients, — amongst whjch is one, in particular, of great
importance in the artss it is called tannin ; and it is so
named because it is the materia! eraployed in tanning
leather. To obtain tannin in a state of purity, a com-
plicated process is required : in gall-nuts it is associated
with gallic acid. Dr. Turner recommend> Mr. War-
“tington’s modification. A concentrated hot infusion of
;;ut-;;,dllq, is afvltated with white of egg, and the mix~
ture filtered. Sulphuric acid i. added to the liquor
when cold, as long as a pregipitate falls. The pr ecipitate,
consisting of sulphuric acid and tannin, is washed
with dilute sulphuric acid, pressed in folds of blotting
paper to dry it, dissolved in watey, and macerated with
fine powder of carbonate of lead. By dfiltration, a solu-
fion of tannin-is obtained, which, by evaporatlon in
wacuo, aflords a hard mass, I‘hls digested in ether,
filtercd, and the filtered solution evaporated, leaves pure
tannin. “

This substance is inodorous and colourless. It has a
rough, astringent, bitter taste. When its solution is
Aropped into isinglass dissolved in. water, a precipitate in-
staptly appears, which j5 perfectly insoluble in water. The
same happens with solution of glue, or gelutine, hereafter
to be described. ¢ t'he zelatine, to be acted on, need not
be in solution : it will succged also in the sohd state, if
it can be penetrated by the tannin. The &ins of
animals are composed almost entirely of gelatine. The
procegs of tanning hides depends upon these relative
propertics.  The,skin is immersed in an infusion
of oak bark, the tannin of which, combining with the
gelatine gf the skin, renders the latter hard, dense, tough,
and insoluble, and counteracts its tendency to putrefac-
tion. The skin is now converted into leather, or it is
tanned.  There are many substances which contain
tannin, agd may be economically applied to this use.
The tannin procured from these sources has different
properties, and different names. The substances called
kino and catechu, contain a large quantity of tannin,
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but the properties differ in some respects. An artificial
tannin has been formed by dissolving charcoal in dilute
nitric acid, which possesses the property of forming an
insoluble compound®with gclatine: and is, therefore,
capable of tanning. In some respects, this kind® of
tannin differs from the natural. .

All kinds®of tannin may bg obtained in the solid
state, by cvaporating the water at a low tpmperature.

+CHAD. 1II.

COMPOUNDS OF s?ﬁxm. ELFEMENTS ¢AS PRESENTED RBY
THE ANIMAL KINGDOM.
L]

In a former part of this volume, it has been shown
that vegetables are composed of three principal ingre-
dients—oxygen, hyds.gen, and carbon ; united, in some
cases, with small portions of azote. Anir.nal matter is
distinguished by the constent presence of & much larger
quantity of azote: therq is also generally a greater pro-
portion of carbon than is found jgi*vegetables, and the
carbon of animals is much less easily combustible,

Beside these elements, we oceasiof®lly find others,
which arc common to the three kingdoms of nature.
These will best appear by stating the composition ef the
chicf parts of the animal bedy.

The solid part of #8ne consists of phosphate and gar-
bonate of lime ; but, besidasthese comgounds, there are
two other ingredien®s, which exist in recent bone in
considerable quantity, and impart firmmess to a,struc-
ture which, without them, would be brittle, and even
friable. 'T'hese substances are cartilege and gelatine.
Fat is also present, which adds somewhat to the tough-
ness.

Cartilage may be obtained from bone, by immersing
it for a length of time in dilute muriatic acid ; the
earthy and other salts, and the gelatine, are all dissolved
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by the acid, and a substance remains, still preserving in
a great degree the form of the bone. When the ad-
hering acid is well washed away, the substance which
remains is cartilage : but if the mwriatic acid had been
very much diluted, it will dissolve only the salts, and
the resideum will consist of both gelatine and cartilage.
When bones are boiled for & length of tume in water,
“the gelatine dissolves, and the water, on cooling, will
wyelathaxsa ; that is, will become a tremulous jelly. The
fat is found floating on the surface. The bone now
consists of the same ingredients as before, without the
gelatine. If the original bones were derived from a
young animal, lad been broken to mowder, and boiled
for a great length of time in watér, both the gelatine
. and cartilage would dissolve, and nothing would remain
"in the bone But the insoluble earthy salts. The diffi-
culty of dissolving away the cartilage increases with
the age of the animal, and the quantity of the cartilage
diminishes in proportion as the anima' is old. The
bones of verv young animals are almost entirely car-
tilage ; and the cartilage of old animals is often par-
tially or totally converted into bone. The skeleton of
the ossified man in tkc anatomical museum of Trinity
College, Dublin, affords extraordinary instances of the
conversion of dirtilage into bone through discase, even
in comparatively early age. The cartilage of some
parts is more easily soluble in boiling water th¥n others ;
and sometimes a portion will occur, which no boiling in
water will dissolve. Bones boiled under the pressure of
a Papin’s digesgrx more easily give out their gelatine
and cartilage, but the taste of the‘solution is empyreu-
matic,- if not ‘ammoniacal : a loosely covered vessel 18
best.

When strong solution of gelatine cools, it becomes
somewhat stiff and tremulous. If the solution be boiled
down considerably, the residuum, on cooling, becomes a
hard, brittle, transparent substance. These changes
are well understood in the culinary art. When bones
or meat are boiled, the gelatine which they contain dis-
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solves in the water. This water, now consisting chiefly
of dissolved gelatine, constitutes hroth or soup: and, if
it be allowed to cool, it will fosm animal jelly, which
may be flavoured &itlter with sweet or saline and aro-
matic condiments. 1f the mere jelly be boiled dowfl so
that the water shall be almost entirely evaperated, the
gelatine and cartilage which rgmain will, on cooling, .
solidify, and form the hawd transparent substance cal]f(i
portable soup, when it is obtained from escnizﬂf ma®
terials ; or g/ue, when 1t is prepared from indiscriminate
sources, such as skins, horns, hoofs, bones, and the
feetus of the cow oktained from slaughter-hoyses.

Thus, bone is gomposed of a number of materials :
according to Berzelius, it contains gelatine and cartilage
3217, blood vesgels 1-13, fluoride of calcium 2, phos-g
phate of lime 5104, carbonate of limé 11-30, phas-
phate of magnesia 1:16, and soda, wish muriate of soda,
and water, 1'26. Bone ashes contain also sulphate of
lime, in some*way generated Wuring burning. When
hones arc heated red-hot in a close vessel, the whole of the
animal matter is dissipated except the ardimal charcoal ;
and this gives the reshduun an intensely black colour.
Bones thus burnt to blackness, am’ finely powdered, are
known in commerce under the name of ivory black. But
when bones are burnt in an open fire,%ven the carbon
is burnt off, and the residuwm is perfectly white: it is
then called hone ashes, and is of extensive utility in
various arts. During, the distillation of bones, carbonate
of ammonia is generated in large quantity; add the
larger, if much comon ait finds its*=gy into the vessels,
Beside this, an empyreumatic oil of insupportable fetor
distils over. ° .

The presence of gelatine is not confined to the bones ;
it is also found in those fleshy collections of fibres called
muscles, in which resides the strength of the body, and
which direct and originate the motions of the bones.
Not only is this substance contained in muscle, but an
additional quantity may be formed by boiling muscle
for a great length of time in water. Gelatine is, there-
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fore, one of the ingredicnts of muscle; but there is
another of far greater importance, and present in rauch
greater quantity. 'Wken muscle is well washed in re-
peated quantities of water, from beiilg red it changes to
white ; mere inspection will then evince that it is com-
posed of a-vast number of fibres, and from this circum-

. Stance it is called fibrin ; the gelatine has “been washed
“lway, and may be found ir the washings. It is not
%ere Hecossary to advert to the fat, the Zellular substance,
the blood vessels, and ‘nerves, Which are disseminated
throughout the substanec of the fibrin constituting
muscles.

Fibrin, while vecent, is elastic: bnt, when perfectly
dry, it is somewhat horny and transparent. In neither
state has it taste or smell. When dilute nitric acid is
made to act on‘recent muscle, azote in a state of purity
is given out abundantly. Fibrin or muscle is converted
intoa jelly by the action of strong acetic’acid and heat ;
some azote is given off when the jelly is dissolved in
water ; and, by strong sulphuric acid, the fibre is
changed into a°substance called leucine (Aevwss, white),
without any production of sulplurous acid. The pro-
cecs is, to heat a ‘p'ece of 1nuscle, well washed and
wiped, with about its owntweight of sulphuric acid.
Dilute the solutith thus obtained, when cold, with water ;
boil it for nine hours, consfantly supplying the waste of
water. Saturate with chalk ; filter ; and evaporfite to dry-
ness. The residuum should be boiled in alcohol. On cool~
ing, ille alcoholic liquor will depositleucine. It isa white
powder, which ha~ <he taste of boiled meat, and, when
heated, emits the smell of roasted meat. This substance
acts as-a compound acidifiable base. Nitric acid con~-
verts it into a crystallisable acid, called nitroleucic.

Beside fibrin and gelatine, muscle contains animal
albumen, presently to be described. But a much more
important substance is also present: it is a kind of ex-
tractive matter, which is supposed te be the chief in-
gredient that communicates to soups and broths their
peculiar taste and smell: and the greater the quantity
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present, the better isethe soup. It was discovered by
Thouvenel, and was named by Thenard osmazoms
(cown, smell, lwpoc, broth). It' may be formed by
macerating and pr?ssing slices 8f raw muscle in suc-
cessive quantities o cold water ; evaporating the mixed
waters by heat ; skimming oll’ the albumen as it coagu-
lates ; allowjpg the evaporation to continue g®ntly until
the consistence of a syrup be attained. This is come-
posed of a little gelatine, the salts presentin the I%wscle
and osmazome. By dissolving the syrupy satter i
alcohol, the osmazome only dissolves, and it may be re-
covered by evaporating the alcohol. It is soluble in
water ; does not geltinise it; and the solution is not
coagulated by heag, Its concentrated solution has an
acidulous tastc ; and %his is very®perceptible in strong,
well made soup. * o )

When muscle js exposed for a great length of time
to a constant strc am of running water; it becomes totally
changed in its appecrance. [t mow possesses sonle of
the properties® of spermaceti, and is fusible and com-
bustible : it is called adipacere.* Nearlysthe same sub-
stance may be formed by digesting muscle in dilute
nitric acid ! or it is produced when dead bodies, in great
numbers, are left in a heap, and Yovered up with earth
in such a manuer as to excfude the air, Some suppose
that adipocere is merely the fat a little ¢hanged, which
is found disseminated throdghout all muscle, the fibre
being decayed away. Others conceive that it is a real
conversion of the myscular fibre into fat. I have ob-
served that alum leather, cut small, and digestell in
dilute nitric acid, isqat length conveit®l into a fat, per-
haps of this kind. o

Nearly allied to gelatine in their nature are the fendons,
which muscles terminate in, and which conjoin mus-
cles with bones ; the ligaments, which connect the joints
of bones ; the membranes, which form cavities or line

* The poct Southey subjoins the followinf note to his Thalaba, ii. 155,
=% The commor pmiﬂe of England have long been acquainted with this
change which muscular fibre undergoes. Before the circumstance was
known to philosophers, 1 have heard them express a dishke and loathing to
spermacetl, because it was dead men’s fat.’ **
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them ; and the cutis merar whichicovers the body. All
these, when boiled in water, afford gelatine in abund-
ance, but no fibrin ;' they arc almost entirely soluble
in water by long boilitig: tendons dissolve completely.

There is an abundant animal proximate principle
found in many parts of the animal structure, called
albumen * it occurs nearly in a state of pyrity, in what

«'s called the white ofsthe egg. Tt is soluble in cold
water, but coagulates when the solutign is boiled. Egg
%albumers by continucd moderate heat, may be solidified
into yellowish, brilliant flakes, which are still soluble in
water. I found that 12 average hen cggs afford 13
ounce of perfectly dry albumen. Wkite of eggs instantly
decomposes solution of corrosive subjémate ; a precipate
appears, consisting Of calomel afd albumen, which, of

« course, is not poisonous. Hence, white of eggs is used
as an antidote to the poison of corrosive sublimate.

Of this albumén in the coagulated state, along with
gelatine, are composed nails, horns, and hoofs.

The brain has been examined by Vauquelin and
John ; and, iy this difficult analysis, a surprising coin-
cidence between their results may be observed. Itisa
curious fact, that in the brain‘of man no less than 80

"pér cent. of the weilht is water. According to the
analysis of Vayguelin, 100®parts of human brain con-
sist of 80 parts of water; 4-53 of white fat; 0°7 of
red fat ; 1'12 of osmazome 7 of albumen ; 15 of phos-
phorus, united with the fats; 5:15 of sulphur, biphos-
phate, of potash, phosphates of line and magnesia, and
othet salts. Of such materials i the thinking organ of
man composed. ® The spinal magrow and nerves are
similarly constituted. The ratio of water in the brain
of the Ytalf is also 80 per cent.

Of the fluids of the animal body, one only need be
noticed, — the blood : this fluid is intimately connected
with functions the most important to life of any other,
— respiration and the generation of animal heat.

Of the appearance of blood when first, drawn, little
need be said: it is well known to be a somewhat viscid
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red liquor,.exhaling agvapour of a peculiar odour. When
it is left at rest a few hours, its appearance is very much
altered : it has separated into two parts: ome quite
liquid, of a greenish whey-like #ppearance, and hence
called serum: the otlier is an elastic firm jelly, of a
crimson red colour ; this is called the crassomentum,
because it ig of a thick consistence, and r&sembles a
deposit. ) -

This mass is generally & little cuppedeon its suxface,
and rounded every whsre clse. 1f drawn ind $tate of’
disease, it is somectimes much more cupped ; and the
fibrin, separating from thg colduring matter, appears on
the surface of crassamentum of a buff colour, hence
called the buffy coqt : these are frequehitly symptoms of
the existence of inflammation ; ahd the cause of them
has given rise to"much unsatisfactory digcussion. Thee
crassamentum is less abundant in proportion as the
animal is exhavted by disease, or ha$ lived upon scanty
or deteriorated Yood. In foetal blood, the crassamenttum
contains less ffbrin than in more advanced life.

If some crassamentun of blood be wgshed with re-
peated portions of cold water, it totally parts with its
red colour to the wate?, Lecomes white, and a fibrous
matter remains, which, when Subjected to analysls,
proves to be the samne as th® substance glready described
under the name of fibrin, as cltainable from muscle.

If the waier used for washing away the red portion
of the blood ke evaporated to dryness, at a heat much
under boiling, a very dark, almost blackish red, sub-
stance will remain. This is the colouring matter of
the blood : obtainedjin the foregoing imanner, it is solu-
ble in water, and in several acids and alkalies. Sul-
phuric acid, diluted with 8 or 10 parts of water,
and heated on the colouring matter, dissolves it, and
forms a beautiful lilac solution. Nitric acid destroys or
injures its colour. Alkalies form deep red solutions
with it. In coldsblooded animals it is easy, with the
aid of a microscope, to perceive abundant red globules,
floating in the serum: and if human blood be agitated
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while cooling, and the fibrin which sepalgatos be re-
moved, the liquid will, on standing some time, deposit
the colouring matter, which the microscope will dis-
cover to consist of minute globules. This colouring
matter is now believed to consist of animal matter.
The French chemists asserted, that it is composed of
the subpHosphate of iron dissolved in serum: but this
statement has been proved to be incorrect. The glo-
bules, combimed with peroxide of mercury, afford a
"permandnt red dye. Woollen cloth, impregnated with
solution of corrosive sublimate, and dipped in watery
solution of the colouring, matter acquires a red tinge
which soap does not remove ; and -2alico and linen may
be dyed of the same colour by the same means, except
that the solution of the colouring?matter should contain
ammonia. The difficulty of washing out the stains of
blood is well known, and has often been the means of
detecting the mulderer. There is, however, no doubt
that iron exists in the red globules of “the blood ; for,
when they are burned to ashes, it has Been found that
one half the weight of the ashes is oxide of iron. The
other ingredients of the ashes are lime, phosphoric acid,
and carbonic acid. It is scarcely credible, that 1
gfain of oxide of iron can communicate to 40 ounces
of blood the infense hue which it possesses: yet, ac-
cording to Pearson, this is the ratio of iron contained
in it; and the estimate of Berzelius differs wery little
from this. Professor Wurzer has lately detected traces
of manganese in the blood. -

What the cause of the coagulition of the blood may
be, is unknown. *’ Some affirm that exposure to oxygen
retards coagulation ; others say it accelerates it ; others,
again, deny any effect to it. It happens in a vacuum ;
and, it has even been said, more rapidly. The previous
health of the animal affects the celerity of coagulation :
the less intense the powers of life, the more speedily
the blood coagulates. It is found, that passing two
ligatures round a vein, at a distance frora each other,
80 as to include and confine a quantity of blood, pre-
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serves it in a semifluid state for a length of time. And
we know that the blood drawn by leeches, and reteined
in their bodies for months, WIU be d\sgorged in the
same scmifluid state. Durmg fainting, in drowned
persons, and thosc killed by lightning, the blood ¢loes
not coagulate. The last fact has been qugstioned by
Dr. Scudamgre ; but, as 1 think, on very insufficient
grounds. (oagulatmn is pre¥ented by agitation, ai
though the fibrin separdtes ; or by cdmmixtuge with
solutions of certain glkalies and salts, althetigh other
salts and several acids promote it.

The serum of blood ooagufates when heated to 156°
or 160°, nearly in 4he same manner ag the white of an
egg, but the colowr is not a pure, white. If the serum
thus coagulated be fut in slices, and pressed, a fluid
will exude, which is called the serosidy of blood: i®
consists chiefly of water holding a little altered albumen,
and a little cgmmon salt dissolved. The coagulum
that remains is albu-nen., Serym is composed of water,
salts, a little Soda, and albumen. The ratio of water is
90 per cent. - %

In fine, it appears that blood is composed of two
proximate parts — serum and cragsamentum ; or, as the
latter is otherwise called, Juor or clot : that serum is
composed of the following subproxima‘g parts,— water,
albumen, soda, and some salts of soda: and that cras-
samentum contains, as its “constituent subproximates,
fibrin, albumen, red colouring matter, a little iron, and,
as some say, a httk earbonic acid,

In the body of an animal, a variety of fatty substances
exist : some of therg, at common temperatures, are very
hard, as tallow; others are soft-solidsy as hogs lard,
butt.er ; and others are fluid, as oils. In the small space
that can be devoted to these substances, it would be
in vain to attempt a separate account of each; I shall,
therefore, describe them generally, and enter a little into
the nature of soaps.

TFats and fixed oils were considered as homogeneous
proximate principles of animals and plants, until the
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researches of Chevreul and Braconnot demonstrated that
they are mixtures of several. Chevreul, in his early re-
searches, found, that’ hy heating fat in alcohol it dis-
solved ; and that, as it cooled, 2 portion separated in
crys*als : another portion did not crystallise ; it remained
dissolved ; and, by distilling off the alcohol, the un-
crystalllsable matter was obtamed in the,form of an
vily fluid. The crystalkisable matter he ca]led steariney
he oldy fluid, élaine. Bracoimnot, without being aware
of Chevréal's experiments, effected the same separation
by 2 mechanical and more simple method. He wrapped
up lard in many folds of blotting paper, and applied
pressure : °the paper absorbed a portion, but left a resi-
duum, which, when puuhed by beint; melted in oil of
turpentine, cooled and again subjected to pressure in
*blotting paper,.was a dry, butt]e, inodorous, semitrans-
parent mass, of a glanu‘al texture. It so[tened with
difficulty by the heat of the finaers: it was scarcely
soluble in boiling alcohol: the blottmg paper, when
boiled in water, gave out what it had absorbed ; it was
a liquid oil; T0O parts of pork lard aflorded 62 of this
oil, and 38 of the suct. The suet described by Bra-
connot seems not tr be the same as the crystallised
substance obtained by Chevreul ; for the former was in-
soluble in alcohgl, and the fatter was obtained by crys-
tallisation of its alcoholic solution. Braconnot, how-
ever, found that when his suet was acted on by*an alkali,
it was decomposed into an oil and adipocere, both of
which. were soluble in aleohol ; this adipocere, therefore,
is probably identical with Chevreul s crystals.
Braconnot hasShown that varioun fixed oils, by being
frozen and presced in blotting paper, may be separated
into stearine and elaine. 'The stearine was white, bril-
liant, inodorous, insipid, and firm ; 28 parts were ob-
tained from 100 of olive oil; and it required the tem-
perature of 68° to melt it.
Chevreul next proceeded to investigate the nature of
various other fatty bodies, and succeeded ia establishing
the existence of several new animal proximate prineiples



OHAP.III. FATTY PRINCIPLES.— SAPONIFICATION. 3807

In butter he discovored :m'oily liquid, which, at 82°,
does not solidify. It is soluble in boiling alcohols but
not in water: it has the peculiar smell of butter, and is
sometimes white, spm times yellow : to this he gave the
name of butyrine. KFrom spermaceti he separated a
crystallisable matter, which he called cetine : from por-
poise oil he,procured an oil very soluble in hot alcohol,
denominated phocenine: and, n sheep’s and deers’ fae,
he discovered Aigcine, a Peculiar oil.  © -

When soap, compoged of lard and potashesis diffused
through a large quantity of water, Chevreul ascertained
that a portion dissolveds; ald another portion, being

- insoluble, was depé@sited in pellets of a brilltant white-
ness, resembling fother of pearl. This insoluble por-
tion was dried, and® digested, in a large quantity of
water, at about 60°, for ten days, duging which tim®
it had filled up. The liquid was then filtered ; che in-
soluble portion, was well washed, dried, and digested in
alcohol of 0-820: part dissqlved, and part did’ not.
Muriatic acid *being added both to the alcoholic solution
and the portion insoluble in alcohol, a fatty substance,
in both cases, separated, which was soluble in boiling
alcohol, and was deposited in cgystals as the solutjon
cooled. When well purified from alkali that obstinately
adhered to it, it was a tasu.eless, pearly qwhite substance,
lighter than water : it melted into a colourless liquid at
183°; and, when cold, cryStallised into brilliant wliite
needles. It was soluble in boiling alcohol, but was de-
posited in crystals assthe solution cooled. To this sub.
stance, on account of ifs resemblance to pearl, Che\.rreul,
at first, gave the nagie of margarine ® but finding that
it reddened litmus, and decomposed alkaline carbonates,
he called it margaretic acid,—a name since changed to
margaric acid.

The two portions of muriatic acid that had been
added to the original alcoholic solution, and its insoluble
residuum, were next examined : the portion which acted
on the soluble part had taken up one twelfth of its
weight of potash, while that which had acted on the inso-

. x 2
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luble matter contained very small txaces of alkali. This
was the cause of the difference of solubility. It appeared
that margaric acid combines with potash in two pro-
portions, —forming a margarate and bimargarate of
potagh.

The original soap of lard and potash, when diffused
in water, had partly dissolved ; that which,.did not dis-
sive being the portion drom which the margaric acid
was ohtained. 'The soluble portion was decomposed by
tartaric acid! ; and a substance was thus separated, pos-
sessing acid properties: when sufficiently purified, it
was very soluble in alcoliol, insoluble in water, fusible
at a low degree of heat, and crystailisable. 1ts colour.
is yellowish ; its smell often ranci¢ ; its appearance,
when liquid, oleaginous: it poweifully reddens litmus,
4and combines with alkalies and earths. This is an acid
sui generis ; and Chevreul gave to it the name of oleic
acid. Thus, both margaric and oleic acids combine
with alkalies and earths, forming salts, wluch are COmMa
monly denominated soaps.

During thes? investigations, Chevreul observed, that
sometimes what he conceived to be margaric acid, con-
taining a less ratio of oxygen, was obtained, and that it
manifested properties somewhat different. At length he
ascertained thatjt is a different substance, and he gave
it the name of stearic acid. 1t is produced at the same
time, in the same manner, and from the same suBstance,
as margaric acid: they are both formed from stearine.
But margaric acid melts at ]40° «while stearic acid re-
quires 18 degrees higher.

Chevreul nex{’ proceeded to inyestigate the results
which the different other fatty substances, discovered
by him, would present during saponification. When
butter was converted into soap, by combination with an
alkali, decomposed by means of an acid, and the result-
ing matter put through various other processes, he ob-
tained, in a separate form, no less than three acids, each
possessing distinguishing properties: the first he called
butyric ; the second caproic ; and the third capric. The
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two last were so named because they are procurable from
the butter of the goat as well as of the cow. Beside
these acids, others were discovered, which he denomi-
nated phocenic and kircic ; being derived from “phoce-
nine and hircine. .

It appears from these researches, that fats and oils do
not, in their natural state, contam acids, as ready formed
constituent parts¢ but thdt, when the faf or oil is formegl
into a soap, by combjpation with an alkali«er earth, a
change is produced in the constitution of the different
fatty principles above-narmed, which determines the form-
ation of the acids.® As soon as the acids #re formed,
they unite with tfe alkali, or earth, which had been in-
strumental in geperatfng them, by decomposing the fatty
matter : and the salts, formed by tha union, remair®
mixed, or loosely combined, and forrg soap. Thus, hard
or common soap is wade by combining soda with, oil ;
and it is to be cousidered as.consisting of margarate,
stearate, and oleate of sodv. Soft soap is made by com-
bining potash with oil; and it is to be coridered as com-
posed of margarate, -tgarate, and oleate of potash. It
is also to be understood, that iny the oil, previously,to .
combination, there was nof one of the three acids pre-
sent; they being the result of the chgmical action of
the alkali on the stearine and elaine, of which oil is
composed. .

It should here be mentioned, that when tallow, or
hog’s lard is distilled My a retort, by a brisk heat, an acid
of a peculiar nature distils over, along.with some acetic
acid and water. Ishas obtained the"name of sebacic
acid. It is crystallisable, and enters into various com-
binations ; but is perfectly different from those above
described.
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CHAP. 1V,

CONPOUNDS OF ACIDS WITH METALLIC OXIDES AND
NON-METALLIC ALKALIES.

Tue affinity which acids manifest for metallie oxides,
chllldmg alkalies and earths, has been explained in va-
rious part§ of this volume. The resulting substance is
called a salt. The number of salts now known to
chemists is immense, and such as precludes the possi-
bility of giving even the shortest description of them in
so small an elementary work as thjs. < All that can here
be done, is briefly to notice the circnmstances under
‘Which the acidsvcombine with the alkalies, metallic and
non-metallic, the metallic oxides, and those formerly
called earths.

The generality of acids enter into combination with-
out undergoing any change ; and form a salt in which
the acid exists, just as it did while insulated, so far as
composition is concerned. Others not only suffer de-
composition themselter, when they combine, but effect
the decomposition of the base, if it be a metallic oxide ;
and various substancez result. Of the first class are
the followmg ; and to form them, all that is reqpired to
be done, is to saturate the respective acids with thé ne-
cessary base

< Aeids. ' Salts.

Nitric - ‘Nigrates.

Carbonic . .. Carbonates.
Sulphuric - 28 Sulphates.
Hyposulphuric Hyposulphates. ,
Selenic - Seleniates.

Iodic - . - Todates.
Phosphoric Phosphates.
Hydroxanthic Hydroxarthates.
Sulphonaphthalic |_Sulphonaphthalates.

And all the vegetable acids,



CHAP, IV. SALJS. 311

When the acid ends in the syllable ic, the salt formed
from it is made to end in ate. When the acid termi-
nates in ous, its salts are d)btmgulshed by the termin-
ation ite. Thus,

Sulphurous - i Sulphjtes.
Selcnious -» - entersintocom- | Selenites.
Hypophosphorous ?:.‘;:;0""'““‘1 H ypophosp'hit&..
Hyposulphurous. J Hypmu]phltes -0

Sometimes the insilated acid cannot be ducctly sa-
turated by a base, withoyt oceasioning d&omposmon of
the acid ; yet, by idirect means, its salts may be pro-
duced. Thus, ifg we attempt to satdrate hyponitrous
acid with a base, the®acid is resdlved into deutoxide of
azote and nitric acid. By boiling 10 parts of nitrate of
lead with 78 of metallic lead, we obtain a compound
of hyponitrous acid and lead, which, if mixed with a
bisulphate of fhe base requir d aﬁ‘ords, by doubl de-
composition, £ hyponitrite of %llat base. Some acids do
not combine with bases at all, being degomposed when
presented to them, and no m(hrect means being known
of forming them ; althdugh, in such cases, they do not
decompose the base This hafpens when bascs e
presented to nitrous and ®chloriodic acids; hence, wé
hav neither nitrites nor chloriodates.® The same ob-

ktion is applicable tv stveral other acids, but with
thls additional circumstance, — that the bases, if metallic
as well as the acids are decomposed; and that com-
pounds are formed, it which ncither the origindl acid
nor base exists. Ag the phenomena attendmg the pro-
duction of su¢h compounds are of greaf interest, it will
be necessary to make some observations on th&m more
in degail.

Until about twenty years since, muriatic acid was
supposed to consist of an unknown base combined with
oxygen ; and it was thought that it combines with
bases snmply. by saturating them.

When muriatic acid is poured into solution of potash,
it was thought that muriate of potash resulted ; and that

x 4
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whep the solution was evaporawd,land crystals formed,
these were still muriate of potash. The first position is
still admitted to be tfue by some chcmists: but they
conceive that, in the act of crystallising, the salt is de-
composed,—the hydrogen of the muriatic acid combining
with the osygen of the potash to form water ; and the
liperated chlorine and pogassium uniting to form chloride
of potassium, - this being the substance obtained by
Grystallisatiqn, and not muriate of potas'h. Others admit
that the resulting salt is a combihation of chlorine and
potassium ; b# they imagine that it had the same con-
stitution while it was in solution, ard that the decom-
"position of ‘the nflriatic acid and they potash took place
at the moment, of mixture, According to the first
Mpinion stated, when chloride of potasdium is dissolved
in water, it is also decomposed, as well as some of the
water ; the hydrogen of the water and the chlorine
form* muriatic acid, while the oxygen of the water and
the potassium form potash, which combines with the
muriatic acid.« Thus, according to this view, there
could not exist a solution of chloride of potassium ; for
water converts that salt into nfuriate of potash, and
muriate of potash coull not exist in the solid state, as
crystallisation converts it intt chloride of potassium.
What has beefi here $aid of chloride of calcium, is ap-
plicable to all the combinativns into which muriaticfecid
and a metallic oxide have been supposed to enter ; and
it has been a question amongst, ¢chemists, whether or
not any such class of salts as nfetallic muriatem exist.
It is universally #lowed, that, when muriatic acid satu-
rates ammonia, the resulting crystallised® salt is a real
muriate, for ammonia neither contains a metal nor
oxygen ; and, therefore, no such changes as those de-
scribed above can take place. The same observation
should extend to the combinations of muriatic acid with
the long list of alkalies, consisting of oxygen, hydrogen,
carbon, and azote, to which vegetable chemistry is every
day adding. There is no reason to suppose that any
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other change takes place, in such cases, than the ere
formation of a muriate.

- There are other aculs, concerntng the combinations of
which with metalfc® oxides, analogous doubts exist,
because hydrogen' constitutes an element in their com-
position ; these are hydrocyanic, ferrocyanic? hydriodic,
hydrobromic, sulphocyanic, angd hydroﬂuonc. To all
of them the same mode ef reasoning applies: it is ac-
cordingly supposed bx some, that when thgy are pré
sented to a metallic base, decomposition of both the acid
and oxide takes place ; apd that the resul#¥is water, with
a cyanide, a ferrocyanide, an iodide, a bromigg, a sulpho-
cyanide, or a fluorigle of the metal. Accdrdingto the other®
view, a simple unione takes place} and«we have hydro-
cyanates, ferrocyanates, hydriodates, hydrobromatesg
sulphocyanates, and hydrofluates. Tn the case of am-
monia and the vegetable alkalies, notfling beyond sunple
union is supposed to take place.

There is a fact relating to the salt resulting from the
combination of hydrocyanic acid withe potash, which
deserves notice, as it applies by analogy %0 all the other
cases. If a plate of copper be 1mmersed in its solution,
potassium is precipitated, which,’ reacting immediattly
on the water, evolves hydrdgen by effervescence. * How
is this to be explained, if the original salt was a hydro-
cyanate of oxide of potassium? Can_ it be supposed
that copper could take oxygen from a ‘substance which
attracts it so powerfully as potassium ?—and whaj other
allowable cause can b& assigned for the appearafice of
hydrogen? But if, we suppose thatathe original salt
was a cyanid® of potasslum, it is noghing surprising
that potassium should abandon cyanogen for®oxygen,
when the change is aided by the affinity of nascent
cyanogen for copper.

On the whole, it may be concluded that much doubt
hangs over the nature and properties of the compounds
which have been just described. My opinion is, that,
of the two views which have been taken, that which is less

* Thomson's Chemistry, 1831, vol. ii. p. 867. et alib.
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encymbered with the supposition of complex decompo-
sitions and recompositions is that which denies the
existence of the hydrdgen acid combinations with me-
tallic oxides, whether in the solution or in the solid
state, and considers them as compounds of a metal with
the hydrogen acid radical.
~ Some observations rcmain to be made on the com-
unds of sulphur and hydrégen. It has been shown
gage 206.) that these elements combine in two propor-
tions, and form acids, called sulphuretted hydrogen, and
bisulphurette#hydrogen :* theix combinations with bases
have beewygcalled hydrosulphurets <and hydroguretted
’ sulphuret.s%ver'since it was asccrtaired that an alkaline
or earthy sulphuret is 2 combinatign of sulphur with the
ametal of the alksli or carth, and not a compound of sul-
phur with an oxide of that metal, as was once supposed,
it was believed that” when a sulphuret, suppose of potas~
sium; containing more sulphur than what constitutes a
protosulphuret, is dissolved in water, it 15 decomposed,
and decomposes a pertion of the water, I'he hydroger of
the water combines with the sulphur in two proportions,
ferming the above-mentioned two acids, both of which
cofabine with potash, formed by union of oxygen from
the water with the potassiurif. Two salts result, which
may also be formed by other means. The hydrosul-
phuret may be, formed by transmitting sulphutetted
hydrogen through solution of potash ; and the, hydro-
guretted sulphuret may be produwced by digesting the
formér on sulphur, without heat; and filtering. From
these salts, acidstseparate the sulphuretted hydrogen by
effervescence, and the bisulphuretted hylrogen by de-
position’ in the form of an oily tenacious liquid ; the
potash combining with the acid added.

When sulphate of potash, mixed with charcoal, is
heated to whiteness, both its elements give up .their
oxygen to form carbonic acid with the charcoal ; the
potassium and sulphur then form protosulphuret of po-
tassium. If dilute sulphuric acid be poured on this,
some water is decomposed, the oxygen of which con~



CHAP. IV. SALTS. 315

verts the potassium into potash ; and this, with thesul-
phuric acid, reproduces the original sulphate of potash :
but the hydrogen of the decompbsed water is sufficient
to saturate all the su1phur, and the resulting sulphurgtted
hydrogen effervesces off ; there is, therefore, no other
product. But had the original sulphate of Yotash and
charcoal been exposed to a red*nstead of a white heas,
some potash would have @scaped decompuosition ; hence
the potassium evolved would be insufﬁcient_,p'eliminatg
as much hydrogen from the water of the dilute sul-
phuric acid as would convert® all the sulphur present
into sulphuretted hydrogen, and hence some sulphur
would be precipitated. ¢

The same sulphurét of potassihtm may be generated
by heating potassium in sulphuretted hydrogen; thee
sulphur forms sulphuret with the potassium, and hy-
drogen is disengaged. If the sulpluret of potassium
be heated in more sulphuretted hydrogen, they conibine
without deconfpositior. and the result is a solid hydro-
sulphuret of sulphuret of potassium. Egactly the same
solid is produced by heating carbonate of potash in an
excess of sulphuretted *hydrogen ; Jthe latter expels 20
carbonic acid, its hydrogen deoxidates the potash, #hd
the metal combines with®the liberated sulphur: the
sulphuret of potassium thus formed combines with sul-
phuretted hydrogen as before. .

When this salt is thrown into water, we are at a loss
to know what happens. It may merely dissolye; or
some water may be dicomposed ; its oxygen, with the
potassium, forming potash ; its hydrogen, with the sul-
phur of the phtassium, forming a quantity of sulphur-
etted hydrogen, additional to what was originally’present.
The sulphuretted hydrogen, now doubled, may combine
with the potash, forming a solution of bihydrosulphuret
of potash, which, in crystallising, may undergo decom-
position ; the hydrogen and oxygen, originally furnished
by the decomposed water, uniting and recomposing
water ; while the sulphur and potassium, with which
these elements had been combined, recompose sulphuret
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of potassium, this re-uniting with the original sulphur-
etted hydrogen.

The bihydrosulphuret of potash above mentioned is
the galt commonly called hydrosulphuret of potash, and
prepared by passing a stream of sulphuretted hydrogen
through solution of potash. This last method of pre-
pering it might be explained in two ways, conformably
to the foregoing two views. * Either the gas is merely
aibsorbed, ot the potash and half the gas are decomposed
at the instant of meeting; the hydrogen, by taking
oxygen from the potassium, producing potash, and leav-
ing its sulphur to combine with the potassium, and form
sulphuret of potassium, which then ®nites with the re-
maining undecomposéd half of the sulphuretted hydro-

agen, leaving hydrosulphuret of sulphuretted potassium
in solution.

Although the explanations here given have been con-
fined to sulphuretted hydrogen and potash, they apply
equally to any other metallic base. When ammonia or
a vegetable alkali is.the base, we must suppose that. this
acid gas merely combines, without suffering or occasion-
irg decomposition. .
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PART IIk

PHENOMENA PRESENTED DURING SOME REMARKABLE
CHEMICAL CHANGES.

<CHAP. 1. o

OF SOME PROCESSES CONNECTYED WITH ANIMAL LIFE.

A .

ArnrHoueH it is ngt my intention to enter into explan-
ations of vital functiogs in generat, there are two animal
processes so intimately connected with, if not dependenty
upon, chemical changes, that they appehr to fall within
the province of the chemist alinost ekclusively.  There
are others whidh seem to have been so little illuminhated
by the lights ef chemistry, thdt they might just as well
be surrendered altogeti.er to the physiologist. The sub-
jects of respiration and animal heat slfall occupy the
two succeeding scctions. - /

Secfton 1.

RESPIRATION.

. L]

The blood is distributed by the arteries to all parts
of the body, and is returned by numerous veins, which,
by frequent junctions,*become larger, and at length ter-
minate in two trunkg, called the vena #va superior, and
vena cava infefior: these, meeting at thq heart, discharge
into the right auricle, from which the plood is propelled
into the right ventricle, and hence into the pulmonary
artery, which ramifies in a vast number of minute
branches through the air cells of the lungs. After being
exposed in these delicate vessels almost to the direct
action of the air inspired into the lungs, the blood is
returned by the pulmonary veins to the left auricle, and
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hence 40 the left ventricle, from which it is dispersed
thraugh the aorta to all parts of the body. It is while
passing through the minute and numerous ramifications
of the pulmonary artery and pulmonary veins, and their
capillary junctions, that the blood loses its dark shade,
assumes the florid red hue which it is found to possess
in the arferies, and acquires its nutritious qualities.
Puring the circulation, -it loses-its vermilion colour and
jts nutritious qualities,” by supplying the waste of ma-
ferials throughout the whole body ; and when it has
returned into the veins, it has once more become dark
coloured. The change of venous into arterial blood is
the essential phenomenon constituting respiration ; it is
by this change that the blood is qualified to support life.

What the nature ot this change may be, is a subject

sinvolving much difficulty and uncertainty. The process
by which it is effected must be of great consequence to
the animal: for one of the chicf uses of that complex
apparatus, constituting the organs of circulation, is to
expose the mass of the blood, amounting, as some af-
firm, to 33 polinds; ext/ende(l to a vast surface ixuthe =
capillaries of the lungs, to the action of the atmo-
sphere, about 23 times every hour; for suchiis the
calculated velocity of the circulation. The following is
an abstract of the different’ theorics which have been
advanced to explam the nature and uses of the process
of respiration.

Lavoisier conceived that the oxygen of the gr drawn
into the lungs during inspiration, riecting hydrogen and
carbon, wlnch exist in the blood, combmes with both,
either in the lutgs or during the eirculation ; carbomc
acid and water xesult, and these are expired. He con<
ceived that the azote neither acts nor is acted upon.

Crawford taught that the blood receives what he called
hydrocarbon in the capillaries ; and that it is the pre-
sence of this in venous blood, which constitutes the dif-
ference between it and arterial blood. The oxygen of
the air inspired, combines with the hydrocarbon in the
lungs, and forms carbonic acid and: watery vapour, In
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consequence of this abstraétion of hydrocarbon, the
venous blood is reconverted into arterial. It is not gasy
to perceive any real difference between this, and the
theory of Lavoisier. ¢

1 have not had af opportunity of seeing the original
of M. Lagrange’s theory ; what follows, is the account
given of it by.Hassenfratz. The blood, in passihg through
the lungs, dissolves oxygen abstracted from the air ir-
spired : the blood, holdiits this-oxygeny is transmitted
through the arteries, and thence to the veips; during
its passage, the oxygen, by little and little, forsakes its
state of dissolution, and partially combines with the
carbon and hydrogen of the blood, forming avater and
carbonic acid ; theelatter of which is di¥engaged as soon
as the venous blood l¢uves the hedrt to enter the lungs.

Hassenfratz has supplied some parts of the detail ofe
this theory, and has supported them by experiment. It
was ascertained by Priestley and others, that venous
blood, by exposure to oxygen,, is rendered bright ‘red ;
that, by remathing for some time thus exposed, it gra-
dvTly loses its florid hue, even although they are shaken
together ; and that blood, cxposed to any gas not con-
taining oxygen, is rendered dark, Hassenfratz expi:ys
these facts, by supposing that the bright red colou#“of
arterial blood is occasione® by its holding oxygen in
solution ; and that when the oxygen abandons the blood,
in order to combine with the carhon ang hydrogen pre-
sent, the blood loses its bright red colour, and becomes
dark: it is then venows blood. Corresponding with this
explanation, he ascertiined that chlorine (which §ndi-
rectly supplies oxyggn), mixed with vanous blood, im-
mediately rendbrs it very dark coloured ; a phenomenon,
in his opinion, attributable to the facility with which
chlorine supplies oxygen in a state ready for immediate
combination with carbon and hydrogen, while the oxygen
of the atmosphere, being gaseous, combines with diffi-
culty. Chlorine does in an instant, what common air can
only do by leng continued contact. .

These theories differ very little from each other. Ip
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all of them the exror is cémmitted, of supposing that
watpr is generated in the lungs ; whereas it is merely
exhaled from the mucous membrane which lines the
mouth and pharynx. That no unjon takes place between
the oxygen of the air and hydrogen bxisting in the blood,
¢ . .
is proved by the fact, that although moisture is al-
ways founl in the breath, the quantity of oxygen which
Jjsappears is, at times, almost.exactly equal to the car~
bonic acid by which i is replaced ; and we must sup-
pose that the origin of the moisture is always the same.
It is not explained, in any of these theorics, what the
origin of the carbon is, that ig supposed by them to be
constantly renewed in the blood : «this deficiency has
been supplied by Drs. Thomson and Murray, in their
respective systems of chemistrys Dr. Thomson says,
““ It appears, from the most accuraté observations hi-
therto made, that neither chyle nor lymph contain
fibrin ¥, which fortns a very conspicuous part of the blood :
this fibrin is employed to supply the waste of the mus-
cles, the most active parts of the body ; ‘and, therefore
in all probabikty, requiring the most frequent sugzly .
Nor can it be doubted that it is employed for other
Xzful purposes. The quantity of fibrin in the blood,
. then, must be constahtly diminishing ; and,; therefore,
new fibrin must be constaftly formed. B'st the only
substances outf which it can be formed, are the chyle
and lymph, nejther of which contain it: there must,
therefore, be a continual decomposition of the chyle and
lymphk going on in the blood vessels, and a continual
new ‘formation of fibrin. In whét manner the chyle, or
a part of it, iseonverted into fibrjn, it is impossible tp
say ; but we can see at least that carbbn must be ab
stracted from that part of the chyle which is to be con-~
verted into fibrin. Ilence, as the process of blood-
making advances, there must be a greater and greater
redundancy of carbon in the liquid : we may conclude,
therefore, that one great use of respiration is to abstract
this carbon, by forming with it carbonic acid.”
. * At lecast the quantity of fibrin is quite inconsiderable in blood.
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Dr. Murray gives! the following 4dccount: —  The
blood is the source whence the animal products are
formed : this expenditure is supplied by the chyle,—a
fluid less completedy dnimalised than the bloed. The
peculiar character of animal matter, with regard to om-
position, is a large proportion of nitrogen, aml a dimin-
ished proportton of carbop: it 103y be,, therefore, inferred,
that in the extreme vessels, where Wi animal fluids and
solids are formed; the general pro ill be the separ?
ation from the blood of those elements of Which animal
matter is composed ; and that,e therefore, carbon, which
enters more sparingly into its composition, will exist in
the remaining blogd in an increased proportion.  This
is, a(‘cordingly, the ggneral nature of the conversion of
arterial into venows blood. Nitrogen, hydrogen, and other,
clements, arc spent in the formation of’ new products ;
and the proximate principles of the blood remain, with
an increased ptoportion of carbon. In this state'it is
exposed to the atmospheric air ih the lungs — the oxygen
of whuh abstracts its - xcess of carbon and forms the
carbonic acid expired ; and this constitufes the conver-
sion of venous into artesial blood.”

The foundauon of Thomson’s &xplanation is the ‘J
sition, thatrcarbon must be ebstracted from that part of
the cltyle-which is to be converteq into Mbrin. Unfor-
tunately, we do not possess comparative ultimate analyses
of chyle and fibrin ; and hence ‘ne probf of the above
position rests on the fact, that carbon is taken up by
oxygen in the lungs, whlch is the phenomenon te be
explained. 1t is possible that chyle may gometimes con-
tain a greater mtio oi%carbon than fibrin does. Dr. Mar-
cet showed that the chyle of dogs fed"upon vegetable
diet, afforded three times more carbon than that of dogs
fed on animal food : but a theory of the origin of carbon
in expired air must account for its appearance under all
circumstances of diet. Murray's explanation depends on
the truth of the position, that ““ the peculiar character
of animal matter is a large proport-on of nitrogen, and
a diminisbed propertion of carbon.” 1lence Le considers,

Y



322 RLEMENTS OF CHEMISTRY. PART Il

a
that, as “all animals live, divecdly or indirectly, on
vegetable matter,” the chyle will be a ¢ fluid less com-
pletely animalised thaw blood ;” which must mean, that
it will partake more of the vegetabls constitution, from
whiéh it is ultimately derived. It does not appear to
me, that the indirect origin of food of aniwmals in vege-
table matter has any conncetion with thesubject ; for
a veretable becomiry animalisqd, cannot affect the chyle
j:roducul by assinniation of -uch animalised matter.
But that one of the pecutiar (haracters of animal matter
is its containing a diminisherl 1atio of carbon, is a po-
sition which net only has never heen established by
experiment, but seems contradicted bv most of the facts
with which we are acquainted. We do not know the
, relative quantities of fibrin, gelatine, and albunen, which
chiefly constitute muscle ; but it is of less consequence,
as the ratio of caibon in each of these three proximate
principles is not very, different. Were muscle composed
of equal parts of thesc proximate princip'es, thc average
ratio of carbon would ‘be abeut 51+ per cent. : this is
precisely the quantity of carbon in beech-wood. C Weat
flour docs .ot contain, at most, above 45 per cent. of
cuzbon ; potatoes con.ain but 374 per cent.: and, ge-
nerally, vegetable proximate,principles contain Iess than
50 per cent. oft carbon, and many of them much under
this ratio. These considerations render Dr. Murray’s
position very questionable.

It appears to mc, that, notwithstanding the itdustry
withewhich the subject has been prosecuted by modern
chemists and n,.\yslologlbts, the theory of respiration*
stands pretty much in the same wa¥ as itiwas left by the
modification of Lavoisier’s explanation, given by La-
grange : it may, therefore, be expedient to expatiate on
it a little more fully.

That oxygen exerts an agency on blood, is a fact that
seems proved beyond question. The experiments of
Fontana and Luzuriaga show, that blood, whether ar-
terial or venous, when shaken in contact with common
air, or, better, with oxygen, imparts carbon, and con-
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verts the oxygen info carbonic acid : it is, therefoge, a
fair presumption, that, in the body, the change of in-
spired oxygen into cagbonic aci®is effected in the same
manuer.  In the aif cells of the lungs, the oxygen,may
be considered as ahnost in contact with the blood con-
tained in she ramifications of the pulmonary®rtery, and
of the pulu®nary veins in whixh they terminate ; ine.:-
much as nothing but the exceedingly tifin substance of
the vessels is inferposed. It was shown })y'l’ricstlcf,
that venous blood, tied up in the thicker substance of a
moist bladder, hecame regl when exposed to air, as soon
and as much as if an direct contact with the air. When
the oxygen of the air is taken into the lungs, after a
momentary contact, as it may be talled, with the blood,
it is discharged Again during expiration ; but part of ite
hus combined with carbon. Concerning this combination,
there have been, as was already staled, two opinions.
One is, that the oxvgen of the air instantly dissolves and
combines with®carbonacrous matter found in the blood,
and_jmmediately after 15 expired as.carl,'.anic acid : the
otfier is, that the oxygen of the air is absorbed by the
blood in the lungs; tifat it circulates with the blogl
throughout the whole system, during which it comb#ies
with carbon ; and that, on e return of the sanguincous
current to the lungs, the carbonic acid®thus prgduced
exudes through the coats of the minutg vessels, and is
expired. I consider the latter of these opinions the more
probable, on several agcounts. Foutana exposed Jblood
to common air, during%o long a space as three minltes,
without producing any change; but when he agitated
them together ®luring the same time, cgrbonie acid ap-
peared. Independently of the evidence afforded®hy this
experiment, it might reasonably be expected that the
carbon of the blood would require more than an instan-
taneous contact with the oxygen of the air, before a
combination could take place. Such a condition would
be fulfilled, if the oxygen were to circulate with the blood
for two minutes and a half ; for this, as far as is known,
is the space of time which the whole volume of the blood
Y 2
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requires to travel from the lungs back again to the
lungs ; and this was nearly the space of time during
which Fontana found 3t necessary to continue the agi-
tation. If, in Fontana's éxperimen., actual contact of
the blood with oxygen during three minutes did not
evolve any *carbonic acid, it would be singular if, in the
lIyngs, carbonic acid could be formed during the time
occupied by one inspiration, uotwithstanding that the
gabstance-of the blood vessels and aiv tubes is inter-
posed. These considerations correspond exactly with the
fact stated by several respectable authorities, that car-
bonic acid exists in recently drawn blood ; and that it
may be separated-from the blood, by placing it under an
exhausted receiver. "Fhe statement has, certainly, been
. called in question; but it appears that the authorities by
which it is supported, are of equal consideration with
those opposed to #: and there is this additional argu-
ment in favour of it, — that it harmonises with all the
facts known. .

It appears t* me, that to confine the office of air in-
spired to the mere removal of redundant carbon from
venous blood, is to take a limite | view of its operation ;
atfd. to under-rate the‘utility and nccessity of the com-
plex and astonishing mechanism by which so simple an
object would e accomplished. To the process of re-
spiration, the construction of the chief parts of the animal
system are subservient: if respiration be suspended, so
is life : even the atmosphere is constituted in stth a way
as te conduce to the due performance of this function.
We know the ipyportant and extensive agency of oxygen
in creation: can we doubt that, in‘the laboratory of the
body, where cliemical changes are incessantly taking
place, oxygen is in all parts constantly in demand ? and
is it not probable, that the medium of supply of oxygen
to all these parts is that obvious one, which, in order to
receive the supply, is presented, in hundreds of currents,
to hundreds of currents of air, the absorption being
promoted by the two most efficacious means, —agitation,
and extensive surface ?
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1t would contribute towards a decision of this
question, were it ascertained that the air takerl into
the lungs loses at all times exaatly the same volume of
oxygen as is ret#néd in the state of carbonic acid.
A volume of oxygen suffers no change in being con-
verted into carbonic acid. If this conversion took place
equally in ®ie lungs without any change of volume, it
might then be presumed that “the oxygen inspired tiad
done nothing clse than remove carbon.®  Hitherto thcre
has not been such a Torrespondence hetw@en the results
of the experiments made on ghis part of the subject, as
to warraut ahnost any conclusion that ought to influence
our judgment oy so difficult and important ‘a question.
The inference whiclh seems bestesupported by the state-
ments of different experiments, is, that sometimes the
oxygen of the air inspired almost ecactly agrees with
the carbonic acid expired ; this happens in the human
species, and Some other animals. Sometimes there is a
greater voluweic of oxvgen cohsumed than is accounted
for by the carbonic .cid : and in ceggain animals the
difference is often considerable. Tt sems that, so far
as the function of reepiration is concerned, it matters
little what animal, within ccrih limits, is made-'the
subject of obscrvation ; gve must suppose that, 1n the
higher orders of animated beings, the wse and nature of
the function is mainly the same. .

It has been found that the azote ®f the air inspired
is sometimes returped ii, full volume, and sometimes is
partially retained, and disappears ; the quantityeof it is
very variable. It has been even ascertained that the
quantity of®azote ®xpired sometimes exceeds the quan-
tity which had been contained in th common air taken
into the lungs ; and it has been affirmed that this hap-
pens in summer, while in winter less azote is returned
than is received by the lungs. This evolution of su-
perfluous azote, no longer necessary in the animal
economy, has been strikingly proved to take place, by
including a guinea-pig in pure oxygen, and another in

* Itsinfluence in producing animal heat 18 for the present neglected.
v 3
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a mixture of oxygen and (bydrogtn—the ratio being

that ‘which forms water ; in both cases, azote was found

in the remaining gas. A pigeon confined in a similar
mixture of oxygen and hydrogen clso evolved azote.

Duriig the respiration of both of these animals in

the mixed «as, it was found that some hydrogen was
taken into the lungs, which totally disappeared. The

sitpular fact has been ascertpined, — and it is one

which may yet be turned to good account by the phy-

sician, — tha! breathing a mixtun- of oxygen and hy-

drogen produces a tendency to sleep.

Ithas been found that, in the human species, different
individuals consupe different (1uantitic§ of oxygen, and
of course return differcnt quantities of carbonic acid.
The breath expired has been shown te contain from
§ to B per cert. of carbonic acid. Drs. Prout and
Fyfe have proved experimentally, that peculiar condi-
tions of mind or body render the quantity of carbonic
acid variable. The formes has shown that the quantity
depends also on the time of the day: at noon it is at
the maximum ;.it decreases until nine at night ; it thén”
remains at the minimum for six hours; and at four in
.th¢_morning it begins tc increase. These were the re-
sults obtained in the month of] August.

The lungs arq,not the only egress for carbon in the
human body. If a person’s arm be enclosed in a bell
glass full of commion air, and the communication with
the external air be cut off by tying a moistened bffdder
round the mouth of the bell glass to the arm, the
oxygen of the air will in part disappear, and be replaced
by carbonic acid f but it is not known howe this change
is effected, .

The foregoing statements seem to bear out the con-
clusion just now arrived at, that we are really ignorant
of the uses of respiration in the animal economy, and
that the mere removal of carbon cannot be the duty of
the air which enters the lungs. Both oxygen and azote
are proved to be frequently absorbed ; and, for any
thing we know to the contrary, these occasional supplies
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of two active gases 11ay be _].llSt as necessary under cer-
tain conditions of the animal, as the formation of *car-
bonic acid in the circulation (if it be there that ite
elaboration takes plecd), and the eventual climination of
carbon from the body. When additional oxygerw and
azote are yot necessary in the body, then, pgobably, the
inspired aireis returned in ful] volume ; luvmg merely
experienced a partial con.wrsmu’ of its gxygen into cir-
bonic acid. 0

SreTiore 11,

L3
MAIN'PENAN(‘F.OF TIIE TEMPERATURE gOT anth ALS.

L]

The changcs.prodflced during respiration have been
always supposed to be intimately comnected with the®
maintenance of that clevated tempergture, which distin-
guishes the existence of certain orders of animated
beings ; and gnuch difficulty ehas been experienced in
formm'r a theory of aimal heat which will correspond
wiuf thc facts, but hitherto without sucsess,

Black's doctrine of Jateut heat afforded an explan-
ation of the origin of animal heas.® During respiratirn, o
the oxygen of the air ingred combines with ca‘fbon,
and, as it was at first supposed, viith hygrogen ; both of
thme substances, in combining with oxygen, evolve some
of the heat which was latent in the composition of the
oxygen and hydrogen anLd this heat is cxrculate(l by
the blood to all partSeof the body.

But it was soon perceived that, as this combmatum
took place ingthe lumgs, and the hcat whis cevolved there,
the lungs should not only be the hdttest pagt of the
body, but .the heat would be capable of injuring these
organs. In order to remove this difficulty, different
explanations were offered, of which the chief are the
theories of Crawford and Lagrange.

Crawford made experiments to prove that the specific
heat of arterial blood is greater than that of venous.
Hence, arterial blood, at the temperaturc of the lungs,

Y 4
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would contain more heat than venous blood at the same
temperatyre ; and arterial blood, in changing to venous,
would part with its excess of heat, and yet remain a¥
the same temperature as before. I oxygen, in com-
bining with carbon and hydrogen contained in the
blood, caused the @volution of so much heat,, that cvo-
lution would take place in the blood itself ut the lungs.
Bt at the same instant the blood becomes arterial ;
that is, in effect, suffers an increase ofits capacity for
heat, absorbs a quantity of heat which docs rot raise
its temperature, and thus removes the portion of heat
that might have done injury to the lungs. In this
way the brood and heat are carried to the capillaries ;
where the former, by rontinually changing into venous
blood of less capacity, parts with its heat gradually,
¢and maintains th> animal temperature equably.

Lagrange removed the difficulty, and arrived at the
same object, by supposing that the heatris not disen-
gaged cxclusively in the langs, but in a'l parts where
the blood circulates. This follows from his theory of
respiration alrcady described.  According to him, the
oxygen of the air is dissolved by the blood at the lungs,

vand circulates, thus dicsolved, in the arterial blood ; it

- is oily when the blood is. changing gradually and
slowly in the gseat ciicuit of the capillaries, that the
combination of oxygen with carbon and hydrogen takes
place, and that tlve heat is developed.

Dr. Girtanner, of Gottingen, gave a modified #iew of
this theory, which, being rendercd uselessly complex,
need not here be deseribed.

Dr. John Dav{, in repeating Cran ford'siexperiments
on the difference of specific heats of arterial and venous
blood, obtained different results. According to the
former, the difference is inconsiderable, and inadequate
to sustain the object for which the experiments were
instituted. It is of no consequence whether we decide
in favour of the accuracy of Davy or Crawford ; inas-
much as the theory of Lagrange explains the equal-
lisation of animal heat in a satisfactory way ; seems to
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harmonise best with recently discovered facts ; and thus
renders the theory of Crawford, ingenious and peautiful
as it is, useless.

The grand question ‘was, what is the source of animal
heat? Black supposed that the oxygen of the air
inspired pgrts with some of its latent heat. o Crawford
conceived that the difference between the specific heat
of oxygen and carbonic ,acid i% the pgrtiongwhich s
liberated during iespiration, and maintains’ the anima’,
temperature. But Delaroche and Berardoinfcr, from
their experiments, that this difference is trivial: they
represent the bpeuhc heat of oxy;,en to be 0-8848, and
that of carbonic agnl 0:828 ; air being unity, and‘ the
comparmon being mgde on equal, weights of the gases.
Hence it has bean supposed, that so small a difference
cannot be the source of the large quansity of heat pre-®
sent in the body. But it is betweene the specific heats
of cqual volumes that a comparison snould be institated.
We then haved) 9765 as the *specifie heat of oxygen,
and 1:2583 for that of carbonic acid: the difference is
uct? greater than in the former tase ¢ but still the
question arises, is it sufficient to account for the tem-
perature of the body ? (3

In answer to this quesgion, it was maintaine® on
the authority of experiments by Crawgord, Lavoisier,
and La Place, that an animal consuming oxygen, and
returning it as carbonic acid, cvolvesepretty nearly as
much heat as that samc quantity of oxygen would
evolve, had it heen comverted into carbonic acid Ry the
combustion of carhon in it. Chemists, however, seem to
place no reliasce on®he measures of h#ht employed in
these and similar experiments ; and cVen the Jopposite
of the inferences drawn from them have been main-
tained to be true.

It appears to me, that a very, useful estimate may be
formed in this inquiry, by reference to common ex-
perience, without the aid of any instrument or refined
experiment. It is believed that a man gencrates about
40,000 cubic inches of carbonic acid in 24 hours ; this



330 ELEMENTS OF CHEMISTRY. PART IIT.

contains about 11} avoirdﬁpois ouaces (11-59) of car-
bort. Suppose that this quantity of charcoal were
burnt in common ajr; that the whole of the heat
evolved were applied, without ldssgto sustain the tem-
perature of the human body at 98” ; and that the body
consists+ofe 12 stone weight of solids, soft golids, and
liquids: a considerable, portion of heat €s to he ab-
séracted By the, surroun(lmg medium, and much moist-
are is to be vaporised in the breath, 4nd in cutaneous
perspirationt The quantity of svapour of water pro-
duced at the surface, supposing its average temperature
96°, and from the mouth, would amount to noless than
JOJ 820 tubic ivches in 24 hours, af some times ; and
would seldom be less than 70,000. Beside thlb, the
expired air leaves the mouth at Q0% and a million
® cubic inches of air so heated leave the mouth every
24 hours. Would the combustion of 11} ounces of
chareoal afford such a supply of heat for 24 hours
(that is, 211 grains per Hour) as would «accomplish all
these objects ? |, .
Mr. Brodie,led by considerations of a different Tnd,
has denied that there is any production of animal heat,
«~in conscquence of the conversion of oxygen into car-
boni¢ acid in the lungs. Hgving procured two rabbits
of the same size and colour, he killed both by dividing
the spinal marrow. Ilaving removed the head of one,
and secured the Vessels of the neck by ligatures, ke pro-
duced artificial respiration by meaps of a small bellows
fitted, fo the trachea. 'The heartsnow contracted at the
rate of 144 times in a minute ; but in 100 minutes the
number was reﬁuced to 90 per miKkute. W thermome-
ter had been intrbduced into the rectum of each rabbit,
and at the beginning of the experiment both stood at
1003°. Both thermometers began to sink ; but that
in the rectum of the rahbit in which artificial respira-
tion was kept up was always 2 or 3 degrees lower than
the other. In 100 minutes, the former stood at 904°,
the latter at 93°. 'The difference throughout was attri-
buted to the large quantity of cold air which constantly
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cooled the blood circulating t}:rough the lungs of one,
and not of the other: and it was shown in another
experiment, that when the circulagion is prevented by
a ligature, the artificill respiratory precess being con-
tinued, the cooling agency of the air was scarccly ¥lis-
coverable, hecause 1t now was cenfined to the air cells of
the lungs, and could not affect rgmote parts. .

Other experiments showed thdft, in rapbits killed by
poisons, which aci by disturbing the functions of thee
brain, the circulation neay he contained by earrying on
an artificial respiration ; the sape quantity of caibonic
acid was expelled as durmg life ; and the same change
of sensible qualitieg “of the blood took place irf the two
capillary systems, as would occur in the living animal.
Yet in consequence of the cold air thrown into the
lungs, the aniinal cooled mere rapidly than another in
which no artificial respiratory procass was kept up.
Mr. Brodie, thaefore, argues, that if the conversiorn of
oxygen into carbonic acid in the lungs were the cause
of 'mlm'l] heat, the dead bodies of these {abbits should
nave mai ntamcd their temperature.  “He eoncludes that
animal heat depends on gome function of the brain.

These experiments are, howevee,® liable to some &x-
ceptions. Alfhougll artificigl respiration did not Keep
up the animai temperature, it n.ight have generated
somne heat, which was afterwards cariied off' in various
ways. First, the cold air thrown into the lungs, acting
on the “holc clrculatlon, must have withdrawn heat in
two ways ; and the experiment of obstructing thé jcir-
culation by a ligaturc, as is admitted by Mr. Brodie,
did not prove #hat hert was not withdra®n. Secondly,
no allowance' was made for loss of heat® by the vaporis-
ation of water exhaled by the mucous membrane.  And,
thirdly, there was no allowance for loss of heat by
cutaneous perspiration, which takes place, often largely,
at the moment of death, and no doubt continues while
the circulation is forced to continue. At least, it was
not proved that these three sources of fallacy did not
exist. It must be observed also, that these experiments
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have not been attended with the same results in the
hands of other persons ; for it has been affirmed that
the cooling process is rendered slower by artificial re-
spiration. This, however, is of listle consequence. Mr.
Brudic’s experiments prove very clearly, that animal
heat is nrt maintained by respiration ; but.they do not
(prove that no heat is generated during thst process.
Indeed, it can scardely be denied, that the conversion
oof oxygen into carbonic acid in the lungs, is a source
of some heut, as well as it woudd be out of the lungs.
In the process of arterialisation, the blood is proved to
become warmer. Majendie estimates, I know not if
on the authority of his own cxperiments, the difference
between arterial and venous blood so high as 2° ; and
although this difference is not great, it is quite clear
that it does not represent the total heat developed
during respiration.

It might, perhaps, be considered p.obable, that the
conversion of liquid chyie into solids, to.supply the waste
of the body, might, during the change from fluidity to
solidity, evolve the remaining quantity of animal ﬁ{'*a"t.
But, beside some difficulties that would attend this mode
of explanation, we are prevented from adopting it hy

- knowledge of the fact, that during some diseases there
is no such cenversivn, for no aliments are taken into
the stomach ; and instead of any accession to the solids,
there is a constant wasting of them : yet the lpat of the
body is higher than ever. )

Pérhaps the opinion on the subjcct of animal heat, in
entertaining which we shall be least liable to error, is,
that the elevafed temperature of «warm-blooded animals
does net derive' its origin from any one source, but from
several, and that at present we know of but one. We
may also suppose that chemical changes are constantly
taking place in the body, through the means of which
heat is extricated. But we are not enabled to assign
any thing more precise as to the nature of these changes,
without entering into useless or dangerous hypotheses.
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CHAP. II. *
[ ]
OF TIE SPONTANEO¥S *DECOMPOSITION OF VEGETABLE
AND ANIMAL MATTER. .

L]

By the wo.r(lofermentation*, modern chemists under-
stand the spontancous decomposition which animal c.
vegetable matter undergoes when placed under properg
circumstances ; the most remarkable result f which is,
either alcohol, acetic acid, or a putrid smell. The pro-
duction of these different results gives origin to three
distinct stages of .ﬂw process, each characterised by
different phenomena. _All fermentable substances, how-
ever, do not proceed through each of these changes,
even when the circumstances are fgvourable : but
there are some good instances in whiich the stages are
distinet and censecutive, If grape juice be exposed
to a moderate, temperature, # soon begins to effer-
vesee, and loses its transparency ; a viscid scum riscs
to tie surfacc ; the taste changes*frofy sweet to vi-
nows; and, under propeg management, the liquor is con-
verted into wine. Solution ot sugsreand all sweet liguids
are capable of undergoing similar changes, and of Being
converted into a kind of wines. JThe process by which
these changes are effected, is, on account of the nature
of the product, called the winows fermentation, and the
result of it is the formation of alcohol.

If the liquor whik has undergone the vinous fer-
mentation be exposed to the temperature of abouf 75°,
it from beingg transyarent again appearsSomewhat mud-
dy; the taste changes to sour, for the alcoho) is now
changed into vinegar; and from «cetum, the Latin for
vinegar, this stage is called the acefous fermentation.

Vinegar, when long kept, loses its acidity and its
transparency : it exhales a putrid smell; and has now
undergone its last stage, or the putrefactive fermentation.

* A nuch fuller « count of the process of fermentation will be found in
the Cabimet Cydlopedia, Vol. 1. o1 Domestic Economy.
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When wheaten flour is made into dough with water
and a little yeast, it undergoes the vinous fermentation ;
carbonic acid is evolved, which puffs up the dough into
alight sponge; and alcohol in stmall quantity is evolved.
A patent has been taken out for an oven, which, in bak-
ing ‘the bread, condenses the alcohol. 1 exa{nxne(l some
of the aledhol thus produced, and found bpth it, and the
Fread which afforded it, to be, as 1 conceived, of cxcel-
lent quality.

" There" are, several conditions necessary to the produc-
tion of fermentation ; water must be present in all cases ;
there must be a temnperature above 32° at the lowest ;

a fermentable substance, and a ferment, arc also necessary.

Vinous /ermcntutoon —1In order to pm(luce the vinous
fermentation, the only fermentabie substance known is
sugar, in some one or other of its modifications. A solution
of common suq‘tr, starch sugar, fruit sugars, as contained
in t!}'c different fruits, or the saccharine matter of malted
grain of any kind, will answer the purposc perfectly.
In some cases, sugar does not exist rcady formed, al-
though the vinbus formentation may he excited : But 1™
all such cases, the clements of sugar are present; and
during some stage in the process, sugar is produced from
therr. It was discovered by I\lrc‘mﬂ‘ that if potato
starch, and [,luten frorp grain, be mixed with hot water,
and allowed to’act on each other, the mixture, at first
not in the least,sweet, eventually becomes so, because
the starch is converted into sugar. This explains the
fact, that in the process of the disti\ler a mixture of malt
and riw corn, when mashed with warm water, and fer-
mented, affords ¢ ven more alcohol than woyld have been
obtained had the.raw corn been malted. In the raw
corn there was both starch and gluten.

It is here necessary to explain the nature of malt :
any kind of grain, such as barley, bere, oats, wheat,
millet, rice, maize, or rye, by being made to germinate,
and the germination immediately stopped, will be thus
converted into malt. By the process of germhination; the
starch of the grain is spontaneously converted into sugar,
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intended by nature as the foo? of the embryo plant. The
instant the sugar is formed, the process should ke stopped,
as otherwise it would disappear again. The germination
is checked by drying the grain.  "When barley is to be
malfed, it is first steeped in cold water: after a time,
the water is drained off'; the barley is spread out in a
deep heap i i§ soon becomes warm, owing to the chemi-
cal action which forms sugar “in it; the rootlets anl
future stem shont,  Whén this happen§, the grain iy
spread on a hLieated hilg until it is quite dry, 1I*he result
is malt. When grain has been made to germinate, and
the further growth of the embtyo plant is checked by
drying, *“ its vital rinciple is extinguished fomever.” *
The ferment is the body which Jmssc§ses the power of
commencing the ferm@ntation ; and ounce commenced, it
proceeds without further assistance.  Ifs presence is so
necessary, that a solution of pure suggr will not ferment.
There are many substances, however, which combige in
themsclves bogh a ferment and a fermentable matter.
Thus, impure sugar, w} on dissolved in a sufficient quan-
awy JF water, will ferment almost perfé}tly : the juice
of the grape, gooscherry, and some other fruits, contain
both abundantly. The ferment commonly used by |,
brewers, distillers, vinegar makers, and bakers, is yast or
barm,—the scum which ris®s to the top,.and afterwards
falls to the bottom, of those vessels in which the fer-

* 'I'he passage marked above by inverteu commasaes taken from the first
volume of Domestic E~onomy, written by me for the Cabwnet Cyclopadia,
It was some tune since broughbt forward as evidence 1n a4 revenue tridd, m
such a manner, that I was%uduced to make experiments w.th 4 view of
ascertaining how L those authors, from whom 1 took the statemery, were
correct

1 procured several samples of pafe malt ot the bestguahtv from different
corn tactors and b#ewers. ®hev were sown dlﬂ'cre'ﬂt drills about the be-
ginning ot April, along with a dull of barley  ‘Thosbarley pew in course ;
but for three weeks there was httle or no appearance of thesmalt  The
malt then sprang up abundantly i all the drills, and, at length tormed good
ears of corn.  The only difference was, that the malt, in shooting, torming
ears, and ripening, was always three weeks later than the barley

Next year I procured trom an eminent corn factor some }:ah- malt, picked
grain by grain, each of which he pronounced to be pesfectly wmalted I hese
were sown i drills as before. Not one grain cver gormnated. ‘L'he year
after, the experiment was repeated on piched grains, with the same result,
‘We may therefore infer, first, that i perfect malt the vital principle 1s ex.
tinct ; second, tuat the process of malting 1s very imperfectly practised ;
and, third, that the cvidence afforded by the growth of stspected malt, so
often brought forward by cxcise officers at revenue trials, ought to be con-
sidered as proving nothing.
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mentation of infusion of faalt is .conducted. Little is
known of the nature of ferments ; yest has been sup-
posed to be gluten ; gluten has been found capable of
producing fermentation, and it i known to exist in
grapes and gooseberries.  1f grape juice be deprived of
its gluten by hoiling and filtration, it will not ferment.
Alcohol is composul of oxygen, carbon,. and hydro-
g:n; the oxygen in it,-if saturated with as much of the
ledrogen present as would ‘form water, would leave
exactly as much hydrogen as would saturate the carbon
present, so as to form olefiant gas. Hence alcohol may
be said to be a compound of water and olefiant gas; or
the same-may be expressed by sayifis that it is a com-
pound of oxygen, carbon, and hydrogen If its com-
position be ex pressed in the latter way, it will stand
thus : — Oxygep 348341, carbon 52:1035, hydrogen
130611 = 100 grains : if in the former way, thus: —

Vols er

cub.n, Grams.
100 vapour of water consist of {;’1))(¢I lg %;(,7 specihic gravity 06191 3
100 olefiant gas cdnsist el {1‘3:1‘, Qzéo;:l) specifie gravity 0 2308 * >

200 condensed mto 100 of .A\cohol ” f and of speci. } .
. vapour waighg — ~, } 486807 fic gravity 15799

.

Hence, the specific gravity of the vapour of alcohol, at
60°, is 1:58 ; 100 cubic inches of the vapour wugh
48: 68 grains ; and 48:68 grains of pure liquid a],goho]
when resolved into its two constituents, would consist
of 100 cubic inches of. vapour of' water, and 100 of
olefiafit gas. 'We have now to enquire how alcohol is
formed fromn sugar.

‘The compositicn of sugar is so dlﬂ'erently stated by
chemists, that the analyses given can be considered as
little better than good approximations, According to
Berzelius, 100 parts consist of carbon 44-2, oxygen
49:015, hydrogen 6:785. Dr. Ure says, carbon 4338,
oxygen 5083, and hydrogen 6:20, in 100. Gay-
Lussac and Thenard give the numbers thus: 42-47,
50-03, and 6'9. Dr. Prout gives carbon 42-85, and
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the elements of water 57°15. Were we to consider
sugar composed of carbon 39-9315, oxygen 53:3041,
hydrogen 6-67 k4, the, following®would be the consti-
tution by volume of®95-278 parts ; and the reasog for
selecting that number of parts will presently.appear.

. Grams, Cubie .
Carbon vap(? 1r 38-0160 being My volume 300 or 3 vols.
Oxygen - - 50:8729 « - - 150 or 1}
Hydiogen - 65591 - - 500 orel
S} —e
95278 resolvable into 750

Now, according Yo Gay-Lussac (Anacles fe Chim.
xev. 316.), 100 patts of sugar, when made to undergo
the process of fermerftation, are converted iuto 51-34
parts by weight of alcohol, and 48:00 of carbonic acid:
henee, 95°278 grains would afford 48915 of alcohol,
and 1£8:303 of garbonic acid. If, in order to makesthe
analyses correspond with the ¢heory of volumes, and
the specific gravities of 1ae gases as determined in this
vworks for rcasons assigned, we alter these nuinbers to
48:6807 alcohol, and 4{+5973 carbonic acid, the fol-
lowing scheme expresses the chemges which happen
_during the conversion of sugar into alcohol: — ¢

Sugar. Alcohol, 9  (arbone acid.
Cub. 1, Graws. Gramns,
200 weighing 251510
Carbon vapoury Jp, =] - woighing 12:6820
50 wgighing 16-9576
Oxygen - <| 2 §18hng . .
yg 100 . - - weighing 33'9153
Hydrogen - 3800 weighing 63591

—_— »
.
%750 convertedinto 48-6807 » and 4645973

By comparing this scheme with the composition of
alcohol given above, it will appear that the analysis of
the 48:6307 grains of alcohol is the same. And from
all these statements it may be collected, that 95:278
grains of sugar (which consist of gases amounting to
750 cubic inches) are converted by fermentation into
465973 grains of carbonic acid, and 48-6807 grairs of
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aleghol, consisting of 100 cubic inches of the vapour of
water, and 100 cubic inches of olefiant gas. These
calculations correspond so accurately with the facts,
that T do not hesitate to adopt thdm.  We may briefly
express the change thus: some of the carbon and some
of the oXygen combine to form carbonic wcid, which
gxhales during the fermentation ; while the remainder
of the carbon, the remaindc: of the oxygen, and the
“whole of the hydrogen, combine to form aleohol. The
fermentation takes place mdcpendently of the clements
of the atmosphere ; the product is even larger when the
atmosphgre is excluded. In the case of grape sugar,
Gay-Lussac found that, at the beginning of the process,
the absorption of a little oxygen. vas necessary.

Acetous fermentation. — When  a ‘liquor that has
alrcady undergone the vinous fermentation, is exposed
for a length of tifne to a temperature of 75°, the heat
rises 10° or 15°, a hissing is heard, carbonic acid is
generated, the oxygen of the atmospherc being absorbed,
and the vinous taste gives place to an acid one., The
alcohol which the liquor contained is now converted into
vinegar. Iloating shreds make their appearance, and
are deposited as a gelatinous magma. These are the
changes which take plac- when a large quantity of
vinous liquor is acted upon : if the quantity be small,
no change is observable but gradual souring.

In order to form vinegar, it is not necessary ¥hat the
liquid employed should have undergone a distinet and
sepurate vinous fermentation.  {t will answer as well if
a solution of gugar, mixed with ye'at be expo«ed to the

temperature of 80° throughout, $o that'she vinous fer-
mentation shall procced with rapidity. In this case the
acetous fermentation goes on simultaneously with the
vinous ; but the former continues after the latter has
ceased, and continues until very nearly the whole of the
alcohol is acetified.

Thatit is the alcohol which is converted into vinegar,
appears from the fact, that a very dilute mixture of al-
cohol and water, along with a little charcoal, will, in
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about forty days, lose all trates of alcohol, and become
vinegar. .

Vinegar may be formed from solution of common
sugar, sweet juices of* fruits, especially the grape, in-
fusion of malt, &c. By the distillation of wood dt is
obtained abundantly, along with tar, which gan readily
be removed. o Cider, if long kept, changes into exeellent
vinegar ; so also do weak wines *and beers, In all case..,
within certain lirits, the greater the quantity of alcoho}
present, the stronger will I)e the vinegar, ayd the slower
1ts formation. It the lignor he hlghly alcoholic, it will
keep any lcngth of time Witholit souring.

The various l\m'is of vegetable matter ewisting in
vinegar, although tor(‘lgn to its comtltunon render it
apt to ran into ,putn?actlon by the process called o=
thering. 'This is prevented by distillation, and less
perfectly by boiling ; but flavour isjn the former case
lost. By frecwing, it may be concentrated ; for the ice
is water, and pnay be removed By saturating vinegar
with lime or potash, evaporating to dryness, and dis-
tilling the dry salt with sulphurice acidy, we obtain a
perfectly pure acid in jts most concentrated form. It
is now colourless, transparent, egocedingly pungent in
smell; and of a caustic acid taste. TIn this state®it is
ca]lod acetic acid : it dods aot differ o fTOn vinegar,
but in purity and concentration. By a process of this
kind, the tarry empyreumatic vinegar procured by dis-
tilling wood may be rendered as pure as that derived
from any other sourdq. .

When acetic acid is highly concentrated, it is capable
of crystallising. TRe liquid acid, at 60, is of specific
gravity 1:063. Even at this strengrh, thcrc.is some
water present. If more water be gradually added, the
specific gravity continually increases to 1-073.  If more
water be still added, the specific gravity, instcad of
increasing, diminishes continually. The vapour of the
strongest acetic acid is combustible.

Theories nave been brought forward to account for

z 2
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the formation -of vinegar during the acetous ferment-
atien, founded on the belief that the absorption of
oxygen from the atmgsphere is indispensable : and the
agency of the oxygen has been supposed to be the
removal of carbon and hydrogen from the alcohol, by
the formation of carbonic acid and water ; for it is
known that acetic acid contains less carbo-: and hydro-
gen than alcohol. A tacory of this kind, however, has
.to contend with the fact, that altlough oxygen is
absorbed during the acetous ferr:entation, and carbonic
acid is formed, this absorption seems to be effected by
some other carbonaceous’ matier present in the liquor,
and not by the carbon of the alcoh(ﬂl; for vinegar may
be formed perfectly, and with ease, even though the
access of air be totally prevented. This fact is proved
by many instances. Beccher included wine in a glass
bottle, which it filled : he hermetically sealed the mouth,
and exposed it to a digesting heat ; aftcr some time the
wine was converted into “ery strong vinegar.  (Physica
Subterranea, Lipsiz, p.184.) Fourcroy and Vauquelin
obtained vinegir from a solution of sugar contairled in
close vessels.  Ilomberg included good wine in a bottle,
. and having closed lt.accurately, he fastened it to the
sail of a windmill: in three days it was very good
vinegar. It is a fact well known to every one, that a
bottle filled with weak becr, and closely corked, will in
some time be coaverted into vinegar. It may je said
that air was absorbed through the cork: but this could
scarcely happen : for, after a cubi¢ inch or two of oxy-
gen would thus be absorbed, the neck of the bottle
would be filled with azote; and (there Yeing now no
longer the aid of a partial :vacuum, it is hard to con-
ceive how air could enter. But the experiment of
Beccher seems to me irrefragable ; and, I think, we are
bound to admit that the absorption of oxygen during
the formation of vinegar is incidental, not necessary.
According to Gay-Lussac and Thenard, 100 parts of
acetic acid consist of 50°224 carbon, 44147 oxygen,
and 5629 hydrogen. If we alter these numbers very
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little, their coinciderce with’ the doctrine of volumes
and correct specific gravities leads to a constitution of
acetic acid, which seems to be the truth, Let us take
49-928 carbon 44-308 oxygen, and 5-564 hydrogen,
as the ratio in 100 parts of acctic acid, then the Tatio
in 38:1003 parts will be 19:023 carbon, 16-9576 oxy-
gen, and 2°1297 l)ydrog(.n. Here the quantity of oxy.
gen is the same as exists in 48-6807 parts of alcohol
(see the scheme au page 337.), the quantity of earbon ig®
50 cubic inches less, #nd the quantity of *hydrogen is
200 cubic inches less. The cqmposition of acetic acid
would stand thus : o~

L] According to
Gay-Lussac and

Cub 1n, Srams, Pertent.  Thenard's analysis.
Carbon vapour l;() dehmg 19°0230 49428  or 50 Q24
Oxygen - - - 104576 44508 or 41147
Hydiogen - 1()() - - 21197 556k or 5629
300 BI03 or 10 or 10
.

The oxygeneand hydr: .gen ate here in the ratio which
forins , water, as was proved to be the casa in acetic acid,
some ycars since, by Dr. Provt. Accor(lmgr to this view,
when 48:6807 grains of alcohol are converted into
88:1003 of acetic acid, its oxyge1? femains unchanged :

¢it parts with 50 cubic incheg of carbon vapour, and 200
of hydrogen, which unite, and fotm the gelatinous cake
always produced. This, when dri~d, becomes as thin
as paper, and blazes at the candle, emftting a smell of
scorched wood. Its gpmposition may be similar to that
of wood, the oxygen being derived from the air ¢ or,
when access of air is prevented, it may be a hydrocar-
buret. If alcehol bexonsidered as & compound of water
and olefiant gas, acetic acid will be a cor'npouml of water
and carbon.

The following is a summary of the changes which
probably happen when 95°278 grains of pure sugar are
made to undergo both fermentations :—100 cubic inches
of its carbon vapour combine with an equalvolume of its
oxygen,and form 46-5973 grains of carbonic acid, which

z 3
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escapes. The remaining 500 cubic inches of its carbon
vapour combine with the remaining 50 cubic inches of
its oxygen, and 300 (the total quantity) of its hydrogen,
producing 48:6807 grains of pwre alecohol. Of the
carbbn vapour contained in this alcohol, 50 cubic inches
combine with 200 of its hydrogen, probahly consti-
tuting the gelatinous slime ; while the rémaining 150
cubic inches af carbon vaponr combine with the re-
“maiuing 100 of hydrogen and 50 (toe whole) of the
oxygen to férm 381003 grains 6f acetic acid.

The acetous fermentation requires its peculiar fer-
ment as well as the vinous. What its nature is, we do
not know ; but it is believed to resemble the vinous fer-
ment, in being some modificatiop of gluten. When a
saccharine liqguor ferments, the fermentation will pro-
ceed to the acctous stage, if the quantity of alcohol
evolved be small, snd the temperature be kept up. But
althbugh, in this case, the vinous fermeiit produced the
acetous fermentation, the acetous ferment never pro-
duces the vingus fermentation. The slime found in the
bottom of vinégar vats acts as a good acetous ferment.

I'utrq/m-me fermentation. — The putrefactive fer-
mentation affects Both animal and vegetable matter.
Animal matter consists chjefly of oxygen, Lydrogen,
carbon, and a ote. During its putrefaction, hydrogen
and azote combine and form ammonia ; hydrogen also
combines with dxygen, forming water, and withwarbon,
affording carburetted hydrogen: carbon and hydrogen
also .unite and form carbonic aci®: the chief part of the
carbon remains in some obscure state of combination for
a series of year's,lf air be excluded ‘but if not, the carbon
disappecrs after some time.

The smell of putrefying animal matter is in part
attributable to phosphorus and sulphur, which exist in
small quantity in it, and which dissolve in hydrogen
during the new order of affinities. But beside the
odour of these, there is some other far more disagree-
able, the source of which is not known, but may depend
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on the solution of animal mgtter in sdine of the gascs
evolved.

Putrefaction does not take place at low temporatures*
hence the bodies of agimals hatfe been prescrved for
ages in ice, as fresh &s at the day of their death. Moist~
are is so necessary, that animal matter, which has been
dried by #ecjdent or design, will keep a greft length of
time. Of this, the catacomba of Yalermo, where the
dead hodics are preserve® indefinitely loag by the mere
process of drying, afford a striking instance. o e

When vegetables putrefy, thc change® arc not so
complex, because the clements conceined are fewer.
The oxygen combines with hydrogen ; another portion
of hydrogen comMines with carbon.  "Fhe chief part of
the carbon remains ae such, unle$s free access of' air be
admitted, whichi then slowly combines with it.

During the putu.f.mtlon of animil and vegetable *
matter, much Jheat is produced ; and®if the mass be con-
silerable, the "heat continues a a long time. 1 found the
heat of a heayp of stable - qanure 135 ©, and it maintained
this ¢emperatare fora week ; but it ;,ontmuul very warm
for two onths. Ilay that 11as been stofed damp often
takes fire.

I once witnessed a bmgular case of putrefagtion, ®
wlich seems worthy of natice, as I do not remember to
have scen any account of a similar caf. It occurred
at the Richmond Hospital school 27 medicine in Dublin,
T think in 1828, and was <ecn by most of the lecturers
and pupils. Tho ho(ly of a girl, about thirteen ycars of
aze, was laid on the Uissecting table : there was nothing
remarkable in its condition : it was sugimer. In some
days a whif® smoke began to cxhalg, which increased
for two days, and then became very dense. There was
no more fetor at first than in ordinary cases; but at
length a smell so intolerable arose, that it was necessary
to remove the body to the vault. T occasionally watched
it, but nothing further occurred ; the smoke in a few
days more ceased. There was no heat devcloped that
T could perceive.

z 4



544 ELEMENTS OF GHEMISTRY.
Ethers.—When equal weights of alcohol and sulpha~
ric acld both as strong as possible, are distilled, a liquor
comes over, the chief ingredient of which is a light,
odorous, colourless, Mghly volatile liquid, of a pene-
trating taste and smell. This is dalled efher; and as
there' arc other cthers, it, for distinction, is called
sulphuric evher. v
According to the analysis of Dumas and Boullay,
100 grains of sulphuric cther wonsist of oxygen 2124,
Eydrogen.13:85, and carbon (5:05. If we correct these
numbers so #5 to make them correspond with the theory
of volumes and the specific gravities of the gases which
scem best qupported we shall have ¢he analysis thus:
— Oxygeh 216616, hydrogen 13-5686, and carbon
64°7998 = 100. ALLordmg to this corrected analysis
of 100 grains, 391420 grains would consist of oxygen
¢ 8-4788, hydrogen 52098, and carbon 25:3640. Com-
paring this with the analysis of 486 H807 grains of
alcohbl, stated at page 337, it will appear that the quan-
tity of carbon is the same'in both.

Alcohol Ether. Difference.

Grans, Gr..l'ms. Grains
Oxygcn 16:95764 , - 84788 8:4788
Hydrogen 63591 - 52992 1:05985

Carbon 253640 - 543640
L]

486807 29-1420 9:53868

The difference of composition beteveen 48:6807 grains
of alcohol and 29-1426 ) grains of ether exists only in the
oxygen and hydgogen; and the quantity ofethese gases
which constitute the difference are as 8 to 1, which is
their ratio in water. Now, if we convert the above
table of grains’ weight into the volumes which they
vepresent, it will stand thus : —
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Vapour of Vapour of Vapour of

alcohul. cther. water.

Cub. in. Cub. . Cubsin,
Oxygen - 50 - 25 and - - 25
Hydrogen - 300 o - 250 %nd - - 50
Carbon - 208 - 200 o

¢ 550 475 . 75
* —
condensed into 100 37k 50
T °

L]

From which it is obeious, that if, frome 100 cubic
inches of the vapour of alcohol, we abstract the ele-
ments which constitute® 50 cubic inches of watery
vapour — that is, hglf of the total water jp the aécohol —
we shall obtain 371, cubic inchgs of the vapour of
ether : for the ethereal vapour weighs 29-142 grains ;
and 100 cubic inches weigh 78:284.grains, as will
hereafter appear. o

It has been already -hown, that alcokol may be con-
sidered as a cognbination of olefiant gas and vapour of
water, in equal volumes, rondensed to,one half. In
the afove case, 200 cubic inches of *carben vapour are
combined with 200 of ;the hydrogen, forming 100 of
alefiant gas; and the remaining #00 of hydrogen are
seombined with the 50 of oxygen, forming 108 of
watery vapour. In ether, 200 cibic inches of carbon
vapour are combined with 200 of hydrogen, as in the
casc. of alcohol: but the remaining 160 of hydrogen,
and 50 of oxygen, which the alcohol contained, al-
though in combinatiow, fare divided into equal pgrts ;
one half the volume of watery vapour only remaining
in the ether,gand the other half beingd eliminated as
water. It therefore appears, that the change which
alcohol suffers in becoming ether, is, in effect, the sur-
render of half the water which existed in a state of
combination in it. Ether is alcohol minus half the
water of the latter.

Whether this is the only difference, is a controverted
question, It is generally believed, that in alcohol and
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ether, the carburet of hydrogen is the same; and that
it i3 olefiant gas which, as already shown, consists of
two volumes of carbon vapour and two volumes of
hydrogen, both con:lensed into orte yolume, Dr. Thom-
son maintains the opinion, that the basis is what he
denominates tetarto-carbo-hydrogen, or what I have
described in page 171. under the name duplocarburet of
he drogen, consisting of four volumes of carbon vapour,
nd four of hydrogen, both céndensed. into one. It is
obvious that, in either case, the ratio of the elements is
the same ; and the only difference is the mode in which
they are combined,—a subject bn which we know almost
nothing. .Dr.Thomson cannot prove kiis opinion to be well
founded, nor can any one else prove that it is incorrect.
The fact that the hydrocarburet is'evolved in the state of
olefiant gas, when sulphuric acid acts on a small quan-
tity of alcohol, dops not seem favourable to Thomson’s
view, although it does not decide against-it.

The theory of the formation of sulphuric ether is
also a controverted subject. 1t had long been believed,
as it is still Py muny, that when sulphuric.acid and
aleohol are distilled, ether is formed, because the affinity
of sulphuric acid to.water is such as to subvert the com-
bination of the elements of the alcohol when aided by 2+
high temperature, and. to Withdraw half its water, or
the clements of water, in the manner already described.
This view is supported by the fact, that an ether, which,
according to Boullay, is absolutely the same as sulphuric,
is obtained by the intervention of gomc other acids which
have'a powerful affinity for water, as arsentc and phos-
phoric ; but is is opposed bysthg, following consider-
ations : — .

When equal weights of alcohol and sulphuric acid
are mixed, and no artificial heat applied, the result is
not a mere mixture of these two liquids ; for, although
sulphuric acid forms insoluble salts with lead and baryta,
the above mixture affords soluble salts with these bases.
In fact, the olefiant gas of the alcohol acts the part of a
base: it loses its gaseous state, combines with more than
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half of the sulphuric acid$ and the latter, in conse-
quence of the union, loses half its saturating power. “I'he
combination of sulphuric acid gith olefiant gas con-
stitutes an acid different from all others ; it is called
sulphovinic acid. This, accordingly, is the chief in-
gredient grhen alcohol and sulphuric acid are mixed.

When su$phovinic acid is djstilled, it is decomposed ;
the sulphuric acid reapgears irf its origgnal state ; aid
the other elemeut, carburet of hydrogen, (which would
be olefiant gas, were 4t in the gaseous state,) combines
with water that had heen present in the sulphovinic
acid ; and, accordipg to the quantity of water with which
the carburet of hydrogen combines, ;ether er alcohol
will be formed. If ghere was much water in the sul-
phovinic acid, she result will be alcohol ; if little, ether
will be produced. This fact favoursthe idea that the«
hydrocarbon in a'cohol and ether isethe same.

It has beeit suggest-d by Mr. Hennell, the discoverer
of the chicf facts relative to the theory of the formation
of sulphuric ether, that when equal wgights of aleohol
and Sulphuric acid are distilled, th¢ reswlting cther may
be not formed by the direct action of these two bodies,
but indircetly by the previous forfhation of sulphovinice
acid, and its continual decomposition, and recompdsition
from the residual unaltered quantitiesgof alcohol and
sulphuric acid. During the distillation, he tested por-
tions of the liquid in the retort taken at different periods,
with acetate of lead ; and found that the quantity of
insoluble sulphate of lead precipitated continually in-
creased, because sulphuric acid was continually evolved
by the decemposifion of the sulphofinic acid. The
reason that ether, and not alcohol, i§ generajed during
this distillation, is, that the quantity of water present,
and not held by the sulphuric acid, is only sufficient to
afford ether by union with the carburet of hydrogen
evolved from its combination with sulphuric acid. But
if, previously to the distillation, water had been added,
then the result would not be ether, but alcohol.

At the commencement of the process for obtaining
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ether, that liquid only is produced along with a trifling
quartity of alcohol. When nearly the whole of the
ether generated has pagsed over, oil of wine distils ; this
fluid, according to Mr. Hennell, “ccnsists of sulphuric
acid, meutralised by carburet of hydrogen, and not in
the least acid ; it differs from sulphovinic acid only in
containing twice as much carburet of hydrog n. Olefiant
ga. is disengaged about the same period. Then come
yater, sulphurous acid, and carbonic acld. The liquor
in the retort blackens and thickeas with evolved char-
coal ; and when cold, I have found masses of a solid
black pitch in it, resembling common pitch.

A theory of etherisation must account for all these
phenomena. In the subsequent stages, we must suppose
that the alcohol which had diluted the sulphuric acid

,being now for the most part removed, the water which
was abstracted from the alcohol having distilled over,
and the sulphovinic acid all decomposed, he sulphuric
acid is in so large a quantity, and so much concentrated,
that it acts with greater cnergy than ever on a little
alcohol remaining. - The water is totally wichdfawn
from this alcohol ; and it is hence_resolved into carburet
.of hydrogen, part of wl.ich escapes as olefiant gas. The
other ' part reacts on the sulPhuric acid ; sulphurous
and carbonic agids anc: watet result, and distil over.
The pitch is the last remains of the carburet of hydro-
gen, which, no deubt, would have been eventually de-
camposed by the sulphuric acid. The reason that the
sulphuric acid and the carburet of hydrogen, at the end
of the process, do not form sulphovinic acid, as at the
beginning, is, thit the temperature h.s become consider-
ahly elevaged.

When the vapour of ether is mixed with three times
its volume of oxygen, and a burning body applied, it
explodes with violence. A dangerous explosion oc-
curred to me from the casual intermixture of common
air in an apparatus in which ether had been distilled,—
a candle having been applied to the tubulature. To con-
sume the vapour of ether perfectly, 100 cubic inches
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require GO0 of oxygen ; the’results are, water, and 400
cubic inches of carbonic acid. It is obvious, that as
oxygen does not change its bulkyin becoming carbonic
acid, and requires §ts® own volume of carbon vapour,
there must have been present 400 cubic inches of crbon
vapour; and as the remaining 200 cubic inches of oxygen
formed water, they must havg met 400 of hydrogen.
But the analysis already state® shows ghat water
originally present, the constituents of which gmount t®
50 cubic inches of oxygen, and 100 of hydregen. Ilence,
ethereal vapour consists of 4Q0 cnbic inches of carbon
vapour = 50-728 J_';rains', 500 of hydrogen == 10-5985
grains, and 50 oxygen = 16:0576 gryins ; i all, 950
cubic inches, condenged into 100, wcighing 72-2841
grains ; and hence the specific gravity of ethereal vapour
is 25107 by calculation. Gay-Lussacsfound it, by ex-
periment, 2:580, and Despretz 2-58908.

Ether is a Hquid of 1 penetrating taste and agreeable
simell.  Its speciftic gravity, *when pure, is 0-7. It
boils at 9G°; but evaporates in the opey air at all tem-
perathiress and produces so great a cold, shat water may
readily be frozen by it., It is soluble in all proportions
of alcohol, but only in a very la#g?® quantity of water.
It dissolves |!,th of sulphur, and Z'5th of phosphotus.

There are several other ethers'knowngeside the sul-
phuric ; but their nature is so far different, that they are
combinations of the acid employed in their formation with
other elements.  Thus we have nitric ether, a compound
of hyponitrous acid with the same elements as exjst in
sulphuric cther. DMuriatic cther consists of muriatic
acid, carbong and hydrogen. Chloric®ether contains
chlorine, carhon, and hydrogen. Hydriddic ethes is com-
posed of iodine and olefiant gas. Acetic ether is a com-
pound of acetic acid and the elements of sulphuric ether
Oxalic ether is similarly constituted, but contains oxalic
instead of acetic acid, There are a few others, but
they possess no interest.
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CHAP. IIT.

OF COMBUSTION.

One of the most remarkable, important, and least under-
stood phenomena in nattire, is the process of combustion.
'_t has, unsuccessfully, occupied the atiention of philo-
sophers in all ages ; and even at this moment, the chief
difficulty remains unexplained. It would be in vain to
detail the different theories which have been advanced,
even in cumparatively modern times, as they have not
now a single advocate The theorv which, of late years,
has occupied most attention, is that of. Lavoisier ; the
chief positions of which had been advanced in 1665, by
the ingenious, or, as might be said, considering the
period, the illustrious Dr. Robert 1looke: But, owing
to circumstances, his opmions were forgotten ; and, in
all probability, were utterly unknown to Lavoisier. A
very remarkablz part of Hooke’s doctrine on combustion
is the following : —*“ This action, or dissolution (i. e.
combustion) of infldntmable bodics, is performed by a
substance inherent in air, that is like, if not the very®
same with, that,which is found in saltpetre.” lere is the
foundation of the Lavoisierian theory, the combination
of the combustible with oxygen. But Lavoisier had
made the experiments, from which his theory was in-
ferrikle, long before any such theery was inferred ; and
we find him, in his Opuscules Physiques et Chimiques,
1773, utterly ighorant of the conclus ons to which the ex-
periments there described, and others not contained there,
afterwards led him. According to Lavoisicr, combustion
can never take place but when oxygen is present. Oxygen
gas is, according to Lavoisier,a compound of a gravitating
base, caloric, and light. When a combustible substance
is exposed to the necessary temperature in oxygen gas,
the latter is decomposed, the gravitating basis of the gas
combines with the combustible, and the heat and light



CIIAP. IL ) COMBUSTION. 351

scparate from the gas in tht form of fire. Thus, the
latent heat of the oxygen gas is the sensible heat which
appears in the phenomenen : and pe attributed to oxygen
gas a greater quantigy of latent heat than to any other.
A different explanation of the source of the supfly of
heat was goon found nccessary. It was supposcd that the
mean capaci®y of the oxygen and combustible, is greater
than the capacity of the substafice formed as the pf®-
duct of the ccmuoustion; and that the excess gf the foi®
mer heat should be @olved, and rendercd sensible, as
we find it to he. But modern researches do not cor-
respond with these statements: it is found that the pro-
ducts of combustjon have sometimes a, greater capacity
for heat, than the suljstances between which combustion
taok place. Tor instance, it was supposcd that carbonic
acid has a less capacity for heat than oxygen gas : hence,
when charcoal is burnt in oxygen, the heat developed is
chiefly the difference he tween the specitic heats of the two
gases. DBut ié has been since 2ffirmed, that carbonic acid
gas has a greater capacity for heat than gxygen ; and, if
this e a fact, it ought to happen, according to the theory,
that in the formation4of carbonic acid, as there is no
condensation, there should be an®absorption of heat and
production of cold, instead of a brilliant combstion.
Nitric acid and nitre, in both of which ghe oxygen has
lost all the heat that belonged to it as a gas, are capable
of affording combustions with combusstible bodies, the
heat resulting from, which is much more considerable
than oxygen, in the solid state, ought to give out, con-
sistently with the doctrine of capacity. If, with Robins,
we suppose ghat a subic inch of gunpdWwder, when ex-
ploded in a vacuum, produces 244 cubic inches of gas,
the enormous quantity of heat necessary to supply the
increased capacity of the particles, now become gaseous,
cannot possibly, according to this doctrine, be derived
from solid oxygen, which, were it even in the gaseous
state, would coitain less specific heat. In such cases,
recourse mnust be had to latent heat.

Another defect that was soon observed in the theory
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of Lavoisier, related to the emission of light in com-
budtion. The quantity and quality of the light evolved,
was found to depend sn the nature of the combustible :
and it frequently occurs, that light n abundance appears
in combinations, when oxygen is not present. A modi-
fied theor; was then proposed:—Oxygen gns consists
of oxygen (as the gravitating basc was®called) com-
bined with caleric. Coimbustibles consist of an unknown
‘tiase, combined with light. In combusiio., a double de-
composition’ takes place: the oXygen gas gives up its
heat, and the combustible its light ; the heat and light
combine, and form fire; while the oxygen and com-
bustible base form the new product. This theory is, of
course, liable to the same objectirns with regard to the
source of the heat.

The difficult; arises, in part, out of the opinion,
that heat and light are material agents. But did
circumstances permit our understanding neat as a mere
condition of matter, which, in my opixion, they do
not, one source-of difficulty would be removed. 1t ap-
pears to me, that, admitting the materiality”of heat,
we should not singly look for its source, during com.
bustion, in changes of apacity, or in the quantity which
bodies contain in a latent form, in consequence of their '
being liquid - ox gaseous. We do not know sufficient
on the subject of the quantity of heat rendered latent in
changes of state, br the alteration of quantity that arises
out of change of capacity, to render such a restriction, as
to the. source of what is developed in combustion, safe
in such investigations. When phosphorus, charcoal,
sulphur, or a inetal, burns in oxygen orcchlorine, or
when gunpowder burns in a vacuum, much heat is
evolved. This must certainly proceed from the solid
or the gas, or, most probably, from both. 'We have not
any knowledge of the real zero of temperature ; but it
seems certain that the absolute quantity of heat con-
tained in matter must account for that developed in
combustion.  Until something more precise is known of
the quantities of heat which constitute the latent caloric
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of different states of cxistenge in mattér, or the specific
quantities which different kinds of matter requirg, it
seems but prudent to refer the heat of combustion to
the general stock which all mdltter contains, without
studying the circumstances by which such heat js re-
stricted, in its recondite residence, as to solidity, liquid-
ity, or gaSequs form.

These are not the only difficulties that beset the Tm-
voisierean theory of combustion. Its findamental pog
sition is, that combugtion never takes plgce *but when
oxygen is some way or other present. At its first pro-
mulgation, combustion was idettical with oxidation: but
the English chem?sts made the essential difference to
consist in the sifultancous developmeént of heat and
light with the occurfence of oxidation. Indeed, the
subject has been needlessly perplexeq. by a want of
agreement as to the meaning of the term combustion ;
or, in other words, what class of phenomena should be
considered as constitut.ng it. o It is singular that, in al-
most all chemical works of the day, oxidation, the main
featuse of the French theory, and <he 1nsurmountablc
obstacle to the disposal of the question, is still retained.
What is the use of such a restricjign? It unnecessarily

s complicates the difficulty, by excluding a numerouws and
important class of phenon®na, ip which heat and light
are concerncd without oxygen. Why $hould we not
take the word combustion in its obvious and popular
acceptation, — that meaning under which it was origin-
ally adopted in physiegs? We say, the fire burns, a
gas-light burns ; and we merely mean that intense®light
and heat are emitted, from a body affectegl by some con-
dition which®we do not further trouble ourselves about.
The view taken by sir H. Davy seems to me By far the
most consonant to phenomena, and to divest the subject
of those difficulties which a useless restriction has im-
posed upon appearances quite difficult enough in them-
selves to comprehend. Generalisation is the great in-
strument of research, as well as of memory ; and the
greater number of facts a generalisation contains, the

AA
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more important an instrument it becomes. Sir H. Davy’s
view is simply an expression of facts; and it seems to
comprise all the ingredients of an adequate definition.
The restricted sende of combustion was founded on
the »dmission, that nothing could burn unless oxygen
were present. The progress of discovery has developed
80 many exceptions to the theory, that they how equal
tl e number of the conforming instances. If a metal is
JBurnt in oxygen, the case is avowedly one of combustion :
but if thé same metal is burnt in_chlorine, with just the
same appearances, it is not combustion ; it is then de-
signated by the timid name deflugration. If potassium
be heated in oxygen, it is admitted that combustion
takes place: butif potassium be heatéd in cyanogen gas,
the metal burns with ‘the same spicndour, yet this is not
combustion. Iren wire undergoes a brilliant combustion
in oxygen: iron heated in sulphur burns with all the
appearances of brilliant red fire. Why chould not this
be a case of combustion egually ? The n}etal thorinum,
when heated in gaseous sulphur, burns just as well asin
gaseous oxygen. Should not both phenomena he equally
entitled to be considered as combustions? When gun-
powder is heated, it.explodes with considerable emission
of hcat and light: there is another powder, iodide of:
azote, which, when touched oi- heated, explodes violently,
and evolves intense heat and light: one is callpd com-
bustion, the other is not. A mixture of oxygen and
hydrogen, when heated, explodes with the production of
heet and light. If that gaseous tompound of oxygen
and chlorine, called euchlorine, be heated, it explodes
with the sensitle phenomena of fire also; the circum-
stance that the fermer is a case of combin‘ition, and the
latter of decomposition, affords no grounds for denying
that both are cases of combustion. Chloride of azote,
if heated, explodes violently : peroxide of hydrogen, if
dropped on oxide of silver, explodes: anhydrous liquid
hydrofluoric acid, if brought in contact with potassium,
explodes: and gaseous bihydroguret of puosphorus, if
subjected to diminished pressure, explodes with violence.



CHAP. II1. COMBUSTION. 355

In all these instances, and émany more, in which deto-
nation happens, the phenomena of fire appear ; yetsthey
are not admitted as cases of com.bustion.

The flame, which) frequently accompanies combustion,
consists of heat and light; the latter being sometimes
incommensurate with the former : thus, the flame of hy-
drogen, Whgn perfectly purc, emits scarcely any light ;
while good oil gas, which famduces much less hdht,
affords a dazglirg illumination. According tosir H. Davg,
 flame is gaseous matter, heated so highly as to be lu-
minous, and that to a degree of temperature beyond the
white heat of solid bodis ; a% is shown by the circum-
stance, that air not luminous will communicage this de-
gree of heat. This last is proved by the simple experi-
ment of holdipg a fine wire of platinum, about the
Jyth of an inch from the exteriop of the middle,
of the flame of a spirit lamp, gnd concealing the
flame by an npaque hody ; the wire will become white
hot, in a space where there is no visible light.” —
‘“ Whenever a flame is remarkably brilliant and dense,
it mey always be concluded, that somé, solid matter is
produced in it: on the contrary, when a flame is ex-
tremely feeble and transparent, it enay be inferred that,
no solid matter is formed.” — ¢“ The density of # com-
mon flame (that of a gd® light or candle) is propor-
tional to the quantity of solid charcoal first deposited,
and afterwards burnt.” — ¢ But to produce this depo-
sition from gaseous substances demands a higher tem-
perature.” — ““ By fpflaming a stream of coal gas, and
passing a piece of wire gauze gradually from the simmit
of the flame_to the grifice of the pipe, i» was found that
the apex ot the flame, intercepted By the wire gauze,
afforded no solid charcoal ; but, in passing it downwards,
solid charcoal was given off in considerable quantities,
and prevented from burning by the cooling agency of
the wire gauze ; and at the bottom of the flame, where
the gas burnt blue in its immediate contact with the
atmosphere, charcoal ceased to be deposited.” *

% Davy on the Safety Lamp, &c. 91. 54. 87. 51.
AA2
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From these statements,, it does not very clearly
appear how ¢ solid matter is produced” in a brilliant
dense flame, and how solid charcoal is to be understood
as ““ first deposited, and afterwards burnt,” in a common
flame, When a stream of coal gas is set on fire, the
experiment .of collecting carbon on a piece of wire
gauze held in the flame, scems to prove that the gas is
deomposed.  But onewould be inclined to imagine
that the resulting carbon would separa‘e in vapour ;
and that its appearance in the solid state on the wire
gauze happened merely on account of the casual con-
densation ; the temperature of ‘the wire being infinitely
beneath that of the flame, as shown'in the first expe-
riment quoted, and also beneath thaf at which carbon
could remain a vapour. It does not appear easy to
comprehend in what manner carbon, emerging from the
gascous state in carburetted hydrogen, and instantly pass-
ing into a new gaseous state by combiningiwith oxygen,
could have been deposited in the solid state in the flame ;
or how its existence in the flame as @ solid could render
the flame in a _nighs degree luminous. Not enly*docs
it seem that no appreciable time intervenes, but that
there is no conceivable interval between the moment when
the caxvbon is admitted to be a vapour, and its metamor-
phosis into another state of vapdur (carbonic acid) during
combustion. 1t seems to me, that the only igference
we can draw is, that the presence of gascous carbon in
hydrogen causes the latter to burn with a white light in
some manner unknown: and thig“amounts to nothing
beyontl a statement of a fact.

I conceive that there is something else in operation
besides the deposition of solid matter, in frame, which
causes the evolution of a dense light. On this subject 1
made several experiments some time since: they are
yet imperfect. The following is an abstract of a few
of them : — A solid, unchangeable body, when heated to
a certain degree, becomes luminous; and the hotter it
becomes, the more intense is the light which it emits.
There is no reason to believe that flame, whatever its
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nature may be, is not caplble of existing at different
temperatures. Consistently with the analogy of Jther
matter, we may suppgse that, atehigh heats, it is more
luminous than at lowver. This supposition accords with,
and is borne out by, facts. If a single jet of cofl gas,
from a gube of very small bore, be kindled, it burns
with a flam® which, except at the bottom, is brilliantly
white. To try the effeet of lowering the temperat&re
of this flame,*1°made a hollow cylinder of ica by meaffs
not necessary herc t8 describe, the diamtter of which
was about half an ingh. By inclosing the jet in
this, so that the,flame was in the axis of the cylin-
der, like a lanters, the flame instantly became blue, and
showed almost no light: it at length went out. The
same effect, but less perfectly, was produced by bringing
two picces of ice in contact with the #ame, one at cach
side, and very cluse to cach other : ®and sponges dipped
in ice water answere.. nearly the same end. Even by
blowing one’s breath on a jef of flame, it may be made
to bgrn bluc. Every onc has observedgthat the bottom
part of™a common gas light is blue 2nd illuminous;
and this fact has beensthe subject of much speculation.
, I once thought that the carboni oxide which exjsts in
gas was burnt here ; but the foregoing experiment gives
us the true solution of the blve colour sof that part of
the flame. 1t is partly cooled by the proximity of the
brass, but chiefly by the constant clrrent of cold gas
ascending from the, holes of the burner; these causes
acting in the same thanner as the ice. To proye that
the blue part is not so hot as the white portion, a very
simple expegiment %ill suffice. 1f al)it’ of papcr, rolled
up as a match, be run upwards through the axis of an
Argand gas burncr from the underneath crutch, so that
the top of the paper shall stand in the axis of the hol.
low cylinder of blue flame, it will remain unaltered ;
but if the paper be pushed up towards where the flame
begins to whiten, it will instantly take fire. The best
circumstances for the experiment are, that the flame,
included in a glass chimney, shall be short and cylin-
. AA S
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drical throughout, not coaléscing a’ the top; and the
pape‘l' should be viewed by looking down through the
axis of the flame. Another proof that the current of
gas, from the holes in the burner, ~ools the flame, is,
that fr a wire heated red in the flame be passed into
the current ©iear the burner, it is instantly obscure(l by
coolmg
“Uf the cooling of the’flame were really the cause of
i} blueness and deficiency of light, I tiought, that by
removing the cause of its cooling, the blue might be*
changed into white, like the rest of the flame. I therefore
tied a bladder filled with coal gas to a long tobacco pipe,
the bowl Being removed. On pressing the bladder, and
inflaming the gas, it g~ve off a lons streamn of flame, of
which more than an inch was blue, and the rest white,
“About three inckes of the end of the pipe were now
heated to whitenest, and maintained at this degree;
the bladder being pressed, the flame “burnt white
throughout, except about bne eighth of ar inch, which
was somewhat bluish. For this experiment a red heat
will not answer: A non-explosive mixture of ‘“ommon
air and coal gas, passed through an Argand burner,
aﬂ'orded a blue flame without any white light ; for the ‘
dilution of the inflammable gag by an incombustible one
prevented the dame from reaching the temperature
necessary to its becoming fully luminous. I cBused a
massive Argand barner, three inches in diameter, with
thirty capillary holes, to be made: and having passed
good cnal gas through it, and kindied the gas, I found
that the flame was almost totally blue, and showed
scarcely any hght the great quantity of bryss, and the
cold curreat, were adequate to deprive the capillary jets
of flame of the quantity of heat required for the pro-
duction of white light. If a red-hot iron be introduced
into the blue part of a gas flame, the latter instantly be-
comes white; but if the iron be cold, it has no eftect. The
flame of a taper, held very close to the blue flame, renders
it whitish ; but the flame of burning sulphur applied, has
not this effect, as it is not sufficiently hot for the purpose.



CHAP. IIL. COMBUSTION. 359

.

Although the blwe part 8f the flame is colder than
the white, a thread of glass grows apparently df a
brighter red heat when beld ing the former; because
the whiteness, brillisncy, and semi-opacity of the white
flame, conceal the heat to which the glass is raiged in
it: but this is not the casc in the blue flame ; for it,
being but liftle luminous, and, very transparent, aﬂ'ords
a contrast with the redness of the glass.,

A candle hes $carcely any blue light, becauge the ca®
bonisesl wick is the Worst of all conductors of heat.
But a long wick cools the flange by radiation, and there
is a diminution of, lxght although the flame does not
become blue. . s

A common jet ﬂan;e of gasis surrounded on all sides
by blue flame ;- for it is every where in contact with the
cold atmospherc. The eye does not perceive this uni-
versal bluc margi.., being dazzled with the white light,
unless a picee’ of thick card, or some opaque body, cut
precisely to the shape and sizt of the white part of the
flame, be interposed betwe:n it and one,eye—the other
being k&Pt shut. Then the card appears surrounded by
a margin of blue flames

Carbonic oxide burns with a feeble blue flame, which
shows very little light: the temperature of this*flame
is also very low. In order to scover ¢f the low tem-
perature was the cause of its deficiency of light, I filled
an iron bottle with a mixture of iron fings and whiting,
both perfectly well dried. The mouth of the bottle
was stopped with antiron plug ; and in the side pf the
bottle was drilled a hole. The bottle, being placed
in a furnacqy was htated as high as it Would bear with-
out melting. On drawmg it out of “the furnace, there
was a long jet of flame issuing from the hole, which
was almost white.

I found that the flames of sulphuretted hydrogen,
and even common hydrogen, issuing out of a tobacco
pipe heated to whiteness at the end, were by no means
80 blue and pale as under ordinary circumstances : they
showed, also, more light. During such experiments, the

. AA4
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tobacco pipe must not be white-hot at the beginning
“mercly, but must be sustained so throughout.

From these, and many other experiments, I infer
that, although the temperature of flame is not the only
causer of its light, but it is connected with it, and aids
some other,, cause unknown. Were the light in pro-
portion to the temperature, the flame of hyd. ogen should
be more luminous than that of, coal gas.

«-The light and heat of combustion kave been at-
tempted to bz explained by the.agency of electricity.
It has been supposed that different kinds of matter
exist, naturally, either in the positive or negative state
of clectricity ; that when two bodies thus circumstanced
combine, the two states of cleetricity annihilate each
other, and produce a modified spark,. which is the

~ause of the heat, and light. I have so fully expressed
my opinions on this subject, and have detailed such a
number of opposing experiments and tonsiderations
elsewhere *, that, in this place, [ content myself by
stating my belief that the electro-chemical hypothesxb
is utterly mcompatlhle with all known phenomt..a’

In conclusion, then, it is perhaps the safest. because
sthe most comprehensive, idea for the student to en-
tertain of combustion, that it is the emission of light
and heat from hpdies in-the act, generally, of combining,
but sometimes of separating: that the heat ispart of
the combined or letent caloric of the combining bodies :
that the light may also proceed from them ; although
it seems chicfly dependent on one of them — the com-
bustible.

.
* Sec Eseay on the Ofigin, Progress, and p dént State ¢~ Gal
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CITAP. TV.

ON THE ULTIMATE PARTICLES 0 MATTER.—THEIR RE-
LATIVE WEIGHTS, — THE RATI0S IN WHICH THEY, COM-
BINE. — NATURE OF ATOMIC NUMBERS.

L]

Tue questio.n, whether mattef is infinitcly divisible, @r

consists of atomg *, has heen agitated for nore than 5000

years: yet it is still @ disputed point; and® our opi-.

nions on this subject, whatever they inay he, are hypo-
thetical. Unless finite «livisthility be admitted, the
most important setics of phenowmena in chemistry will
be left in the sifuation of ultimate f2cts incapable of
further explanation. ® Yet the phenomena ascend one
degree in the scale of cause and cftect ; and are inferable

« priori, if the existence of indivisible*particles be sup-

posed. Such, particles may, for shortness, he called

atoms : if matter be wifinitely divisible, there can be
no such thing’ as an atom ; for the word imports that

whicls @gnot be divided. - *

It would be a waste of spacc to enter into the opinions,

or arguments made us® of by the ancient poilosophers, ,

son cach side of this question, some of which, if not'
convincing, werc at least gplausible. Of this kind was
the curt dogma of Diogenes Laertius,—* ¥n a finite body,
there cannot be an infinite number_of parts.” The
peripatetics affirmed, that matter is infinitely divisible ;
and the notion was, adopted by the Cartesian school.

The Epicureans, on the contrary, contended that matter

is composed of atops, indivisible, hard, and impenc-

trable. Lu@ectius, the powerful advocate and able
expositor of this system, in his well known &nd beau-
tiful poem, says,

Sed qua sunt rerum primordia nulla potest vis
Stringere, nam solido vincunt ea corpore demum.

These atoms constituted the Jiy, or first matter,
of which all things are composed, and concerning which
so much controversy and incomprehensible notions are to

* From &ropos, indivisible.
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be found amongst the ancients. Ia later times, it was
the °fashion to bring forward arithmetical and geome-
trical demonstrations,. to prove that matter may be
divided infinitely ; but these fail in their object, inas-
muclr as they only prove the infinite divisibility of the
magnitude vof matter, and are by no means applicable
to matter itsclf. It is certainly true, that»any magni-
tude, however small, fhight he reduced to one half;
that this half might still further be Qivdded; and so
on for cver, vithout its being recuced to nothing. In-
deed, we cannot consider magnitude independently of
the idea of divisibility without limits; but it should
not be admitted as an inference, that matter permits
infinite division, because the space which it occupies
may be conceived to he the subject of an infinite divi-
. sion. It is possible to conceive the division of a grain
of sand into a mi'lion parts, and each of these parts
mto a million other parts, and so on. And if at length
the parts can no longer be conceived to.be divided, it
can only be so because they are annihilated, which, so
far as human raeans are concerned, is impossibie. But,
in point of fact, it may be true that a grain of sand can-
#not be divided into niore than a thousand or ten thousand
parts; that each part then becomes what we call an
atom, or ultimate particle ot matter, invisible to our
best microscopes, and of such cohesion as to restst all the
energies of nature tending to a further division. In
fine, it seems to me, that much of the controversy which
so long agitated the philosophers of former times, with
regard to the infinite divisibility of matter, and which
at present oughe to be a subject of -greater, jnterest than
ever, originated in the want of agreement on the nature
of the question : one side insisting on the infinite divi-
sibility of including space ; and the other side insisting
on the possibility of a limit to the divisibility of the
included matter, which, although it may be conceived
to be surpassed, is not in the operations of nature.
Partly in each of these senses might be understood the
apparently paradoxical aphorism of Zeno, that although
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L]
a body is infinitely dbvisible, it does not consist of infi-
nite parts; and if he meant that the magnitude of a
body may be indefinitely divided, ealthough the number
of its ultimate divistons is limited, 1 apprehend the
chemists of the present day would not dissent.

The opinions of sir Isaac Newton concerning the
atomic constifuition of matter, werc nearly the same wit]
those attributed to Moschms, who lived 3000 years be-
fore him, cxcept®that the former rejected the athcisticd®
notion of the eternity of atoms, He says} « It seems
to me that God in the beginning formed matter in solid,
massy, hard, impepetrable, moveable particles; and
that these primitive particles, being solids, ar incom-
parably harder than agy porous bedies compounded of
them ; even so fery hard as never to wear or break in
pieces, no ordinary power being ableeto divide what
God himself madc one in the first création.”

In all compound sivstances, formed by nature or
art, the compoand ingredients are found to exist always
in the, same relative quanities. A piece of marble
always contains the same relative quantites of carbonic
acid and lime, no matter from what part of the world
Jhe specimen was derived. Water consists of the Same
proportions of oxygen ang hydrogen, whether it falls
from the atmosphere, or is taken from thessubterraneous
spring, or from the ice of the north or south pole. Salt
is composed of the same proportions®of chlorine and
sodium, whether obtained from mines, lakes, or the
ocean. If mercury Be exposed to heat in oxygens gas,
the metal will continually absorb the "oxygen up to a
certain point@ and then, be the excesy of oxygen ever
so great, not a particle more will the metal sreceive ;
for a permanent and saturated compound is now formed,
the constitution of which will be the same, whether the
experiment was made in Europe or America. From
such phenomena as these, we derive the important law
that matter <oes not chemically -combine with matter
in all proportions, but only in one invariable relative
quantity for each compound ; and the law holds equally,
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whether the number of different kinds of matter com-
bining be two or more.

There are cases whkich do not seem reducible under
this law, and which appear to con.titute a class of com-
binations in which the substances concerned unite in
all proportions. Alcohol or sulphuric acid, toall appear-
ance, unite chemically with any quantity 6¥ water ; and
many instances of the same kiad might be adduced. But

‘these unlimited combinations may be so"oily apparently ;

we may conteive them referribl2 to the general law in
the following manner : - — Sulphuric acid may combine
with a determinate and invariable nuantity of water to
form a hydrate; this hydrate being a new substance,
may combine with a aew determivate quantity of water ;
and this new compound again with another, and so on:
and all these cosapounds may unite with cach other, so
as to afford every onccivable ratio of the m"re(hents, or
apparently to dispense with all limits to combination.
Either view may be sustained ; but itvis remarkable,
that, when the-existence of detc.rmmatc ratios ig indis-
tinct, it alwags happens that the affinity is “weak and
mdeclswc, and the changes of properties conseqyent on
combination are inconsiderable.

If we admit the existen¢e of atoms, <. e. particles
which can beeno further divided ; and also the posi-
tion, that matter can combine w1th a differen? kind of
matter only in a certain invariable ratio ; some very
important corollaries may be deduced: one of these
wouldl be, that when two kinds of matter combine to
form a compound, the two kinds combine atom to
atom. For in qrder to combine"chemially, the two
bodies mwust be reduced to their ultimate division ; and
then an atom of one kind must, to form the compound
in question, always combine with an atom of the other:
it cannot combine with half an atom, for, according to
the hypothesis, no such thing exists ; and it cannot
combine with two atoms, because it is saturated with
one*, that is, its attraction is satisfied by one atom, and

* Cases which do not fall under this condition will afterwards be con.’
sidered.

«
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is no further exerted. Hence the reslting compound
consists of an atom of each kind of matter; and if is
to be considered as still one atom, although consisting
of two : for, were the stwo atom# separated, the com-
pound would cease td exist as such ; and the comppund
atom cannot be divided so that its halves S}%dll still be
compound$ fgr the individual atoms, according to the
hypothesis, cannot be divided? ,There is, therefore, ea
great difference Jbetween*a simple and a compoung
atom : the former canngt be divided ; the la'ttel' can, but
then it is decomposed and resolved into two simple
atons. »°

In this way, the*immutability and constancy of the
relative quantity o the ingredients composing any body
become intelligible. #f, in a graih weight of any kind
of matter, there'bc, as the hypothesis supposes, a cer-
tain number of atoms, say a thousand, ®ach being iudi-
visible ; and if, in a grain weight of some other kind of
matter, there be an cqual numper of atoms ; and if the
two grains of Matter enter into combination ; it is quite
obvio:s JHat the resulting compound will not only be
homogeneous, i. e. of the same nature throughout, but
that in all other cases of its formation, the same com-
spound exaculy will be produced. It will be homoge-
ncous, because each atom ef one kind must have com-
bined with one atom of the other: less than an atom
cannot have combined, because atoms are indivisible ;
more than an atom cannot have combined, because the
affinity is satisfied by, one, and there is no attraction to
another. Hence, each compound atom will constst of
Joouth of a grain of one kind of matter, and the same
quantity of ®he other ; and there will be but 1000
atoms of the compound. But if there had beeh a grain
(= 1000 atoms) of one kind, and two grains (= 2000
atoms) of the other, the very same mode of combin-
ation would result ; with this difference, that the excess
of the latter (viz. one grain, or 1000 atoms,) would
remain uncombined, and merely mixed with the com-
pound produced.
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But if it be ‘denicd thgt matter consists of atoms,
and if it be asserted that it is fnﬁnitely divisible, it
becomes difficult to comprehend why any constancy
should be observable®in compounds. For instance, in
the guse just supposed, in which 4n atom is equivalent
toq5\yoth pf a grain, if the equivalent of an atom of
one kind of matter may combine with Jes$ than the
ejuivalent of an atom of the other, there is nothing to
orevent its combining with falf, a hundredth, a mil.
lionth pért ,of an equivalent ; an infinite number of
combinations would be producible: and it is hard to
conceive how compound§, comstant as we find them in
their coynposition, could be produted, or how such a
state as saturatlon could occur, unltss as a matter of
chance. If a graid of A m#y combine with .any
qaantity of B, there must be as many possible com-
pounds of A and B as there are possible quantities of
A and B, or they must be infinite ; and we know that
this is not the fact. But, the case is very much altered,
if we suppose that there is but one elementary quantity
of A and B, vfz. the atom of each, and thaf ali other
- quantities are multiplications of it ; for then there can
exist but one possible combination, consisting of an
atomt of each ; the affinity being in that case satisfieds
and no further attraction exerted.

Hitherto, for the sake of simplicity, it hasg been
taken for granted that different kinds of matter com-
bine only in the quantity of a single atom of one to a
single atom of another, admitting that matter is finitely
divistble. The case is in rcality very different; we
know that twa, three, or more atoms of one kind may
combine _with oné atom of another, and%hat in each
case compounds of distinct natures result. Cases of
this kind receive as ready an explanation, as those in
which a single atom combines with asingle atom. We
may understand combinations of this kind in two ways.
Suppose an atom of A to combine with an atom of B,
and a compound to be formed possessed of certain
properties. The affinity of A for B may remain so
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far unsatisfied, that an attraction to finother atom of
B may exist ; a second atom will accordingly be taken
into the combination when opportunity permits, and a
compound will be fommed with® properties essentially
different from thosé® of the former. The samey may
happen with a third atom of B, and a third, compound
may be pfoduced. Or an atom of A being combined
with one of B, that combinatidn may, in its capacityef’
a compound, exegt an aftinlty for an atom ‘of B, and meg .
combine with'it so as jo form a compound,cotisisting of
one atom of A and two of B. 'This last combination
nay in the same manner%ake 1p a new atom of B, and
S0 on.

Be the mode oT combination what it may, itis cer-
tain that a substance? A, may cbmbine with such a
quantity of another substance, B3, as w1ll form a definite
compound ; yet another definite compound quite differ-
ent from the, former wmay be produced, if a second
quantity of B can he made tq combine with the com-
pound alrcudy formed ; ard in like manner a number
of suggsgive quantities of B may produce distinet
compounds, the number of which, however, rarely ex-
ceeds three. In all sich instancas (thh a very few o

aexceptions), it is found that the successive quantisies of
B, which are added, are equal to each other. That this
ought to happen, clearly appears from What has been
already explained of the atomic constigution of matter.
For the illustration of this subject, let us first consider
the combination of ¢zinc with oxygen. There is but
one such known'; to form it, 100 grains of zinc®com-
bine with 23-53 of oxygen ; the affinjty of the two
elements is®hen satisfied, and no further attraction
seems to exist. But if another quantity of oxygen
could be absorbed by the zinc, to form a second oxide,
it would be at least 47-00 grains, or as much more
as the first quantity. In the instance of mercury and
oxygen, experiment proves that, in round numbers, 100
grains of the former combine with four of the latter
to form- the protoxide. Now, why did 100 grains of
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mercury combiné with fouyr of oxvgen? The answer
supplied by the supposition of the atomic constitution
of matter is, that there are as many aforis of mercury,
in 100 grains’ weight'of it, as there are atoms in four
grain of oxygen, notwithstanding ‘the difference in their
appearance and constitution ; hence the two substances
combine atom to atom, and afford a compound constant
irvits characters and cemposition.  It, however, by no
veans follows, that each atom’of mercu+y has no further
affinity for oxygen. On the contrary, cxperiment
proves that it has, and that it will unite with an addi}
tional quantity. But what is ‘the amoupt of the addi-
tional quantity ? If, to form the piotoxide, each atom
of mercury attracted one atom of oxygen, it is obvious
that, if a further attraction takes place, each atom of
mercury must attract an additional atom, at least, of
oxygen ; for there cannot exist less than an atom ; that
is, two atoms of oxygen will be now com»ined with one
of mercury. The 100 grains of mercury, originally
combined with 4 grains of oxygen, will now be united
with 8. But % is the double of 4; the new.exide,
* therefore, contains twice as much oxygen as the prot-
+oxide: and were there a third ‘oxide, it would contain
at leatt three times the quantity of oxygen: existing in
the first, and so on. Mdlybdenum combines with
oxygen in three doses*, forming three distinct exides :
the first oxide censists of 1 atom of metal and 1 ‘of
oxygen ; the second of 142 ; and the third of 14 3.
Potash combines with two doses #f tartaric acid; one
- being"twice as much as the other. A vast number of

instances mighé be adduced.
' ° he

* There is not, perhaps, a word in the language that conveniently ex-
presses the quantity of a body which enters mto combination. Afom is
not only hypothetical, but often mapphicable, as when halt atoms occur.
Equwalent is only expressive when comparison with a corrclative equiva-
lent is directly imphed. Proportion means similitude of ratios. Pmior-
tional 18 one of the terms of a proportion, Comluning quantity or weight is
sometimes expressive; but beside being unwieldy, 1t is not always appli-
cable, Dose (trom 3s2oras, of 3idwud, 1 g1ve,) is umversally employed to desig-
nate a determinate or definite quantity of a thing given.” Thus, in the sense
above meant, a dose of oxygen would mean' a determinate quantity of oxy.

en given to some other body. It has the quality of involving nothing
geyand a fact, and can often be used with advantage.
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In all cases, itisa matter of indiffetence which of the
combining substances we assume as the constantquawutity ;
thus, 100 grains of A unite with 50 of B, or twice as
much (100), or thrice as much (#50). Or the same thing
may be e)\prcssul b} saying, that 100 grains of ¥ unite
with 200 grains of A, or half as much (100) or one
third as mych (66G-666) : the multiple ratio does not
affect one kind of matter othérwise than another. o

In the case gf mercury and oxygen jlist now adducg,

it was said that 100 grains of the formeg will combine

with 4 or 8 of the latter. It may be asked, what, then,
will be the consequence, if 100 grains of mercury and
an intermediate q@antity of oxygen — € graiys, for in-
stance—are prcsemte(l to each other dnder proper cir-
cumstances for, combfnation ? wifl no union take place,

because the rafio of oxygen to the metal is neither 4

nor 8? or will 4 of oxygen combnle, and the remain-
ing 2 be rejegted? Under such circumstances the case
would be as follows :—100 ggains of mercury will unite
with four of oxvgon the nrotoxide will thus be formed.
Theragrg now 2 grains of oxygeneto % disposed of ;
they will unite with as much of the protoxide as con.
tains 50 grains of mérecury. These 50 grains weres

+previously combined with 2 grains of oxygene they
are now combined with teo more, four in all ; hence
the 50 grains are converted into pcroxule. 'l hus we
should have a mixture of 52 grainsgf protoxide and
54 of peroxide.

Even gases entef, into combination with each other
with the same pecuhanty Thus, when azote and dkygen
unite to form the prptoxide of azote, thgy always do so
in the ratid®of 60-071 grains of asmote to 33-915 of
oxygen. To form the deutoxide, the same quantity of
azote will require 6783 grains of oxygen, or twice the
original quantity : for hyponitrous acid, the azote will
require thrice as much oxygen, or 101-746 grains: for
nitrous ac_l, the azote takes four times as much oxygen,
or 135:66 grains: and, for nitric acid, the oxygen must
be five times greater, or 169°576 grains. Thus, the doses

BB
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of oxygen that combine with any quantity of azote, to
form the foregoing substances, will be to cach other as
the numbers 1, 2, 3, 4, 5 ; and never 1}, 229, 34 50>
&c. ; nor any other assignable fractions, however near
they mgy be conceived to approach tne whole numbers
bearing the above relation.
The rescarches of chemists have proved that this mode
(of combination, per saltun, takes place in almost all the
casgg of decided chemical union which have heen made
‘the subject of accurate observation; and so much so,
that the phenomena have been generalised into a law.
The law is thus expressed by Perzelius : — ¢ When a
body, A, combines with a body, B, iu several propor-
tions, tho numbers expressing theso pruportions are in-
teger multiples of the sinallest quan.ity of B that A can
abmrb " The import of this law cannot be mistaken.
'In the case of oxygen and azote, the smallest quantity
of the former that "combines w1th 100 grains of the
latter, is 50:458 grains. As they form a second com-
pound, the quantity of oxygen which cdnstitutes the
second dose, is i integer multiple of the first ( that is,
the first multiplicd by a whole numl‘er) or twice 56458
==112:916. In the third, the oxygen is thrice as much,
or 160374 : in the fourth, the oxygen is four-fold, or
925-832: and, in the fifth, i is five-fold, or 282 29
Thus, the smallest dose of oxygen is multiplied hy the
whole numbers, 2, 3, 4, 5, to give the successive com-
pounds or the law may be otherwise expressed by
saying, that the smallest dose of a cgmbining body is an
aliquot part, or submultiple, of all the others. Another
expreaswn of i{ which requires explanation, is to be
found in books to the following effect: — & When two
bodies combine in several proportions, the first proportion
is either a multiple or submultiple * of all the rest.”
The mode of expression renders this difficult to under-
stand ; perhaps the following will be more readily com-
prehended : — “ When two bodies combine in more than
one ratio, the quantities constituting the fizst ratio are
* A divisor without a remainder.,
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e
in the relation of eultiplesand submultiple to the quan-
tities which constitute all the other ratios.” The ifstance
of azote and oxygen will illusgrate this : their combin-
ations may be reprgscnted in two ways ; either gas being
made the constant quantity, and both being eXpressed
in weight : —

Acote. Buypen,  Dosesof

Oxygen Avzote.

ovygen, ;ni.;l
100 + 56458 = 1 ¥ 56+158 % 100 =_1
100 + 1189i6 = 2 [ Cg  56'158 + 50 =Y
100 + 169374 = & 4 =8 56138 + 33833 = 3
100 + 2u5-€32 -- 4 | -2 56158 + 25 =4
100 + 282:290 = 5 (°° 50158 + 20 =3

In the first a;rangement, the firs§ dose®of oxygen,
56-458, is a submultiple of all ghe rest: in the second
arrangement, «the first dose of azote, 100, is a multiple
of all the rest : so that the terms, mudtiple and submul-®
tiple, refer to the two different bodies, and resolve the
law into the 3ame mcaning as the other expressions of it.

But although, in the c8mbinations of azote with
oxygen, the doses of the latter are represented by the
num®e.»1, 2, 3, 4, 5, it docs not follow that a regular
arithmetical progressian is always to be expected, either
when weights or volumes arc conlerned. All that the
law of multiple ratio, as it is commonly called, declages,
is, that the doses shall al be nultiples of the smallest:
and no common differcnce between the terms of the pro-
gression may be discoverable. T'hus, In the combination
of chlorine with oxygen, the doses of the latter, by
weight or volume, which combine with a given gveight
or volume of the former, are as 1, 4, 5, 7. Derhaps
compounds gontaing oxygen to the anfount of 2, 3, 6,
may be hereafter discovered : or, perhaps, sueh may be
the nature of the affinity, that these compounds do not
exist.

There is a circumstance attending these, and all other
gaseous combinations, which it is of great importance to
notice. It has been said above, that be the quantities of
azote and axygen, which enter into combination, what
they may, the 7atio of these quantities will always, whe

. BB 2 '
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protoxide is formed, be 60-071 of azote to 33:915 of
oxygeil; and this ratio may be so expressed, or in its
lowest terms, viz. 1-771 of azote to 1 of oxygen; or in
any other numbers, provided thatthe relation be pre-
served. ‘The reason for selecting 60-071 grains, and
33915 grains, is, that the former is the welght of 200
cubic inches of azote, and the latter is the welght of 100
Cubit inches of oxygen. 7Two to one, then, is the ratio
in Waich these gases combine, by volume, *o form the
protoxide of azite. Now, as the veight of oxygen is
doubled to form the deuto:pde, tripled to form hypo-
nitrous acid, quadrupled to form nitrous acid, and quin-
tupled to foim nitric acid, the same multlphcatlon must
happen when cubic inches, or vo]umes of any kind, are
concerned : and we shall, consequently, observe the same
watio subsisting hetween the volumes, as between the
grains’ weight. The following table “will show the re-

lation in both ways: —
Ratlo of

Cubic mches. Grains’ weight oxygen by
weight ar
WAvsote. Oxygen. Azote, Oxygen.  volume.

Protoxide of azotc 200+ 100 or 60-071 + 38:9153"1
"Deutoxide - - 200+200 or 60-071 + 67:8306 2
Uyponitrous acid 200 + 300 or 60071 + 1017459 3
Nitroux acid - - 200+ 400 or 60071 + 135 6612 4
Niteic acid - - 200+ 500 or $0-071 + 169-5765 5
And it is obvfous, that, either by weight or volwme,
the relation of the.quantity of oxygen in all the com-
ponnds is as 1, 2, 3, 4, 5, the quantity of azote being
always the same. The same relati¢h is manifest in all
gaseous compounds, the composition of which is well
ascertained ; and the facts have been generalised into a
law, called, the faw f volumes, which has bétn thus ex-
pressed by Gay-Lussac, its discoverer: —  All gases
which act on each other, always combine in the most
simple ratios ; the ratio being as 1to 1,1 to 2, 0r 1 to
3.”* Thus, 1 volume of oxygen requires exactly 1
volume of hydrogen, to form deutoxide; and 2 volumes
of hydrogen, to form water : 1 volume of hfdrogen re-

* Mémoires d’ Arcuejl, ii. 218,
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quires 3 of azote, to foym ammoniacal gas: 1 volume
of hydrogen requires 1 of chlorine, to form rhuriatic
acid gas: 1 volume of muriafic acid gas requires 1 of
ammoniacal gas, ¢to form muriate of ammonia: 2 vo-
lumes of oxygen combine with cither 1 vol@me or 4
volumes of chlorine. "The compoundse of azote and
oxygen #ll under Gay-Lussac’s gencral law, in the
following manner : —,1 volfine of axygen, and % v
lumes of sazote, form protoxide of azotg; 1 v8unse
of azote, and 1 wolume of oxygen, form deutoxide ;
1 volume of oxygen, and, 4 volumes of deutoxide of
azote, form hyponitroas acid ; 1 volume of azote, and 2
of oxygen, forjn nitrous acid ; and | volume of protox-
ide of azote, were jt to combing directly with oxygen to
produce nitric acid, would require 2 volumes. Dr.’Thom-
son, in referring to this law, asedeveloped in Gagp-
Lussac’s memoir, says, ‘“In this paper, Gay-Lussac shows
that the gases, considered in respect of their volumes,
unite with gach other in a®very simple manner : —1 vo-
lume of one gas combining with 1 golume, with 2 vo-
luife.mor with kalf a volume, of the other.”* T conceive
that Dr. Thomson'seenunciation of the law is more con-
veniently applitable to the facfs than Gay-Lussac’s®as
in the case of the combinations of azote and oxygen.
This most important Yaw, wiich cowrcets analysis and
synthesis, has been extended also to vapours ; and even
to the supposed vapours of bodie®, which no degree of
heat has been hitherto able to convert into the vaperific
form ; although ® is certain that, combined with other
matter, they are capable of existing in the state of ul-
timate djvision. ® Thus, 2 volumes ®of carbon vapour
combine with 1, or 2, or 4 volumes of hydregen, to form
different varieties of carburetted hydrogen ; and the same
quantity of carbon vapour combines with 1 volume of
oxygen, to form carbonic oxide ; and with 2 volumes, to
form carbonic acid.

It may be here necessary to explain more distinctly,
what is to be understood by the term carbon vapour ;

N * Kirst Principles, i 18.
. BB 3
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carbon being a substance which has never yet been ob-
tained <insulated in the vaporific form. If pure carbon
bé burnt in 100 cubic inches of oxygen gas, until the
latter be saturated, the 'oxygen will_be converted into
carbonicracid, and the resulting volume will still be 100
cubic inches., The original weight of the oxygen was
339153 grains: the weight of the resulting carbonic
scidvs 46:5973 ¢ the weight acquired by the oxygen in
forneing carbonic acid is, therefore, 12-682 grains, which
must consist of ¢pure carbon. Nowy it is obvious that
this carbon had been divided into its ultimate atoms : it
became invisible ; and was, therefore, converted into a gas,
which filled ¢he space of 100 cubic inch‘(;s in every part.
The circumstance, that cach atom of carbon is in combin-
ation with an atom of oxygen, does nét in the least affect
these statements: thus, carbon may be said, with suf-
ficient -truth for all theorctical purposes, to have been
¢onverted into vapour, of which 100 cubical ir.ches weigh
12:682 grains; and of which the specific, gravity is,
therefore, 0-4116 3, and as there is neither condensation
nor expansion in the formation of carbonic acid be b=n-
ing carbon in oxygen, the condition of the carbon in
cagbonic acid is to be understood as meant, in chemical
books, waen carbon vapour is spoken of. But if carbon
vapolir were capable of existingf in the insulated state,
1 volume of it would combine with 1 volume of oxy}en,
to form carbonic acid, and the 2 volumes would con-
denge into 1.

In all‘ the instances which have Been adduced, the
bodies concerned are subject to the law of multiple ratios,
whether taken by weight or by volurge. There is no-
thing mysterious in® this coincidence of welghts and
volumes in the second, third, fourth, or fifth doses of any
gas, A, which unites to another, B ; they being only mul-
tiples by weight, and therefore by volume, of the first
dose of A, as also of the volume of B. Thus, in the
before mentioned compounds of azote and oxygen, we
find, that to form protoxide of azote, 60-071 ‘grains of
azote combine with 33:915 graips of oxygen. It so
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(]
happens that these quantities saturate each other so far
as the first stage of combination is concerned. °There
is nothing surprising in the fact, that 60-071 grains
should be the weight of cxactly 200 cubic inchés of
azote ; for that number of grains has been here sumed,
merely because it is the weight of 200ecubic inches:
any othereiumber of inches or grains would do as well,
except for the arithmgtical donvenicmce. But it%s #
very remarlable fact, that 33:015 grains of oxyge® —e
namely, the quantity required to saturate the 200 cubic
inches of azote — shoyld ke the weight of 100 cubic
inches of oxygep, or cxactly half the volume of the
azote ; for heregcould be no assumpijon of®any certain
number of grains toanswer a pugpose — the weight, and
therefore thesvolume, being determined by the affinity.
This has been generally considered an ultimate fact »
— a truth of which no explanatiom can be given. But
it is so obvibusly ana immediately connected with the
atomic cons§itution of matfer, which has been of late
years so fully developed, that the soljition of it cannot
mudj¥ IMger remain unattained. Indeed, some ingenjous
speculations as to the cause of it have long since been
advanced, but they appear to he inapplicable. I haw
often thought that an explanation of this obscire Jpart
of the atomic hypothesis may be derived from another
part, which has been generally admitted. To explain my
views, several considerations must fitst be adverted to.
Two opinions have divided philosophers relative to
the nature of calotic: according to some, it is gnatter ;
according to others, it is motion of matter. Those who
deny its materiality, rely much on the fhct, that it seems
destitute of gravity — the common attribute of all known
matter. The argument does not strike me with much
force. It is certain, that the nicest balance does not
discover any real difference between a cold body, and
the same body heated. Weighing proves, perhaps
nothing in this case. Hydrogen is certainly matter,
and in large quantity is easily shown to possess weight :
Jbut in practice it is found a difficulty to weigh so large
. BB 4
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a volume as even a cubic inch of *t: the halance be-
come$ overloaded, and its sensibility overpowered by the
weight of the containing apparatus, and its counter-
poise. 'The same happens whén heated bodies are
weigheﬂ there must be containing matter for the
caloric ; and the quantity of this matter must be con-
sulerable, to contain a sufficient quantity of . ‘he caloric.
¢ When we consider that the statical experiments alluded
~to,"were not made in a vacuum, but ix the air, it is
plain, that ewen if the caloric xeully possessed a little
weight, it might not be discoverable. Most people
conceive electricity to be matter: it can be made to per-
forate a quire of paper; it will strike into the earth,
and make a deep hole; it will split trees, and throw
down the most massive buildings. It s difficult to
eunderstand how these effects can be brought about, un-
less by a material agent: yet who doubts that electricity
is destitute of weight? On the subject ®f matter —
what it is, and what it ‘is not, there is, little use in
speculation. We know that some eminent geniuses
haye even come:to the conclusion that matter isas®iing,
"— that it does not exist. Such a conclusion, if relied
on, would render the explanation of all physical phe-
nomena exceedingly embarrassing. 'Taking the word,
then, in its usuel acceptation,”I shall, in the fo]lpwmg
observatlons, assume caloric to be matter.

If caloric be mdtter, it is probable that it resembles
all other bodies, in possessing and being subject to that
species of attraction called affinity.~ This opinion was
maintained by Black, Pictet, Irvine, De Luc, Crawford,
Lavoisier, La Place, and Thomson. davoisier says, that
caloric is fixed in bodies by affinity, so as to form part
of the substance, or even of the solidity, of the body.
Dr. Black speaks in very remarkable terms : — he says,
““ A particle of water attracts and wunites with one or
more atoms of heat ; these atoms of heat are set at liberty
by ghe fized laws of chemical affinity.” — (Lectures,
i. 165.)

This affinity has even been made the subject of cal-
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culation by Avogadrp* ; and he has constructed a table, in
which the relative affinity of various substances for caloric
is expressed numerically,— the affinity of common air for
heat being taken as fity. TheSe numbers he deduted
from the specific heat of gases, as given by ‘Berard
and Delaroche. .

We dikcqver caloric entering into a state that seems
to possess the characterigtics of* chemicgl combinatioh ;
for a decided change of properties is manifegted. (-
loric, when presentedeto ice, is absorbed p the ice loses
most of its properties as such, and Becomes water, while
the caloric loses its chief remarkable property of raising
the lemperature. *The same observations apply to all
other cases in which heat becomes latent ; and other
illustrations of, the pdsition derived from specific heats
might be adduced. did space permit. ,

If there exist a recinrocal attraction between caloric
and all other kinds o1 matter, why may not such an
attraction be jsubject to thee general laws of affinity ?
Why may we not suppose that the cxertion of such
affinivw caises bodies to combine With galoric, atom to
atom, and thus produges combinations bearing a deter-
minate ratio to each other? We are not in the habit

®of considering determinate ratios of heat, or atdms of
it ; yet such may exist:®and it experignce prove that
such an admission harmonises with, and leads to, the
explanation of phenomena, which otherwise must stand
in the situation of ultimate facts, then we are bound to
admit the notion as’probable. It is no more than an
hypothesis ; but hypotheses are often the beacons of
discovery : the atowic constitution of smatter was an
hypothesis { the hands of Higgins? yet what depart-
ment of the science has not since experienced its bene-
ficial influence ?

There are some combinations of carbon with hydro-
gen which may be here referred to, as illustrative of
this part of the subject: they are gases ; and have been
described af page 170. of this volume. The first con-

* Giornale di Figjca, dec. 1i. tomo viii, p, 1.



378 ELEMENTS OF CHEMISTRY. PART IIL

sists of 2 volumes of carhon vapoyr, and Q volumes of
hydrogen, both condensed into 1 volume ; the second
consists of 3 volumes of each, condensed into 1; and the
third of 4 volumes ol cach, condensed into 1. Ilere,
then,«are three different gases contaming the same ingre-
dients, in the same ratio, but in different quantities : we
have 4, 0, and 8 volumes respectively, condensed into 1,
bit so far differing in their state from what would be the
r¢sultof mechanical condensation, that th-y spontancously
retain the equality of their respective volumes. Itis pro-
bable that in each of these gascs, the compound particles
consisting of carbon and hydrogen are at, and are main-
tained at, different and determinate distanees from each
other. Now the particles are at distances from each
other, because they are kept so'by interposed caloric;
and they are at determinate distances from cach other,
most probably because the quantities of caloric are de-
terminate with which the compound particles of carbon
and hydrogen are combited. If, from that gas which
consists of 4 volumes condensed into 1, we could remove
one dose of caloric, we should probably redud: #to the
state of the gas which containg 6 volumes in i ; and
were two doses removed, the resulting gas would, per~
haps, be reduced to the state of the compound whicht
contains 8 volpmes in 1. In the same mann?r, were
it possible to remove a determinate quantity of caloric
from any gas, without further alteration in constitution,
the result would, no doubt, be a permanent contraction
to a volume which would bear sor‘e simple ratio to the
original bulk.

We have new to apply this hypothesis to the phe-
nomenon, proposed to be explained. The' phenomenon
itself may be briefly recapitulated as follows : — When
bodies not gaseous, C and 1), combine in definite ratios
by weight, although the second, third, fourth, &c. doses
of D are all multiples of the first dose of D, the first
dose of D is not a multiple or submultiple of the quan-
tity of C which enters into the combinatiort. But when
two gases, A and B, combine, even the first dose of B
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bears a simple ratio o A, being cither %equal, or double,
or triple, &c., provided tha! volumes are considered ;
but if the quantities are estimated by weight, this pe-
culiarity of the first dése disapplars, and the law of
multiple ratio is only observable in succeeding doses.

To account for a coincidence of volumes so unex-
pected, it*wys supposed, first by Avogadro, and after-
wards by Ampere, that in all gascs, simplg or compound,
the temperatuge .and pressure being alike, the ultimate
particles or atoms arc at equal distances ; and that the
number is the same in equal volumés of all gases, or,
in other words, is in proportion to the volume.* Ac-
cording to this view, the specific gravity of the gases
would depend on ‘the specific gravity ‘of the atoms:
other views might also®be taken. Admitting this to he
the constitution of gases, the explanatjon of the sin.
gular ratio observed as regulating the first dose of B
to A becomes rasily inteiligible, If 100 cubic inches
of oxygen combine with 100 eubic inches of azote, to
form one compound ; and with 200 of azote, to form
another x itds plain that, as, according to thé hypothesis
the nurliber of ultimate particles or atoms is equal in
equal volumes of all gases, each particle of oxygen must
I#ave combined with a particle of azote in the first in-
stance, and with two of azote in the secong. In short,
granting the hypothesis, the phenomena naturally and
consistently flow from it; and the apparently myste-
rious relation of the volume of the first dose of B to the,
volume of A, is in no way surprising; as the number of
atoms is the same in each, and they unite atom to atom.
It appears to me, however, that the hypathesis is un-
tenable on mafly accounts. We can nd longer suppose
that the number of atoms is the same in all gases, for
we have instances of the contrary — at least, according
to the evidence afforded by the analyses which have
been made. The three varieties of carburetted hydrogen
which contains respectively —

El

* Giornale di Fisica, dec. ii. tomo viii.1. Annales de Chimie, tome xc¢. 43,
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. Gaseous earbon. «Hydrogern
* Variety 1st, 2 vols. combined with 2 vols. ] condensed
— 2d, 3 vols, - - 3 vols. into 1
. —  8d, 4 vols. - K . 4 vols. | volume,

as eXplained in page 170., show that the number of atoms
in these {hree gases cannot be the same., From this
exception we may be led to suspect that tfere are others,
and to conclude that the hypothesis is incompatible with
“he present state of knowledge. “

The opifiion relative to the cbnstitution o gases with
regard to determinate ratios,of caloric, which has been
above suggested, seems to harmonige tolerably well with
the phénomena. If caloric be matter, it may bhe the
subject of chemical, attraction ;,if it be chemically at-
tracted, it may combine in determinate ratios ; if it
combine in determinate ratios, the gaseous compounds
formed must exiSt in determinate volumes. According
to this view, the ahstraction of a dose of caloric from a
gas, in which it had béen chemically combined, would
.cause it permenently to contract to a half, or a third, or

.any aliquot part of its original bulk ; and *th& addition
of a dose of caloric would, vhen combined, cause it
permanently to difate to double, triple, or any multiple
of its first volume. In short, if caloric combing che-
mically witk the atoms of different kinds of matter
in determinate ratios, so as to form different gases, it
would follow fhat, adopting as unity that gas which

< contains the fewest atoms, the number of atoms in
all cother gases would be multifles of the first by an
integer.

Were gasds thus constituted, they shoyld always unite
in the satio, not only of weight, but of volume, that is
observable in such cases; and such a constitution
would assign a sufficient reason for the relation of vo-
lume which subsists between two gases when they enter
into the first stage of combination ; — a relation which
the hypothesis, that all gases of the samg volume, tem.
perature, and pressure, contain the same number of par-
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ticles, seemed,to accoupt for, but which appears no longer
tenable. .

'That, under the same pressure and temperature, equal
volumes of all gases conttain an efual number of par-
ticles, is opposed to the opinions of those who understand
the atomic hypothesis, as it flows from the ggneral rule
laid down by Mr. Dalton as a guide in investigations
concerning chemical Syllthemb viz. that, © when tw8®
combinations qrc.pbserved they must be presumed to be
a binary and a ternary.s There arc two combinations
of oxygen and hydro«en water mist, therefore, be
binary ; that i, in two vofumes of hydrog(_n there must
be as many atoms as $ there are in onc volume of,0xygen,
which is irreconcifeable to the hypothests of Avogadro
and Ampere, although Tonsistent with the views of Ber-
zelius and Davy.

The hypothesis of equa: volumes of.all gases contain-
ing an equal number of atoms, fails also in another way ;
it assigns no reason for the rewnarkable contraction in a
simple ratio to the original volume, which several gase-
ous couspownds undergo at the montent gf their form-
ation. *It is necessary first to statc the law, and 0
give a number of instances of this centraction ; the ob-
Jection may be then applied. Gay-Lussac, the disco-
verer of the fact, says, “ Mo: only do gasgs combine ih
very simple proportions, but the apparent contraction of
volume which they suffer by combination bears, also, a
simple relation with the volume of the gases, or, rather,,
with that of one of tfem.”

When 1 volume of oxygen, and 1 of azote, com-
bine to form decutoxéde of azote, the result is 2 vo-
lumes, as coffputation would mdlcate hence, there is
no condensation. But when 1 volume of oxygen, and
2 of azote, unite to form protoxide of azote, the re-
sulting bulk is not 3 volumes, but 2; hence there
is one third of the whole bulk lost by approximation of
the constituent atoms. When 1 volume of azote and
8 of hydrogen unite, the ammoniacal gas formed does
not amount to 4 volumes, but 2; half is therefore
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lost by condensation: 2 volumes af oxygen, and 4 of
chlorine, do not afford U of protoxide of chlorine,
but 5.

*We have, in short, reductions from 2 volumes to :,
3tol,4tol,8tol,and Qto1; and from 3to 2, 5 to 2,
7to 2; and one of 6 to 5. It is observable, that all the
volumes concerned, hoth combining and r,osﬁltin;.,, are
wnole numbers ; fractlunal quantities never occurring in
w2l asce);tame(l cases. These contractirns only show
that, during combination, the pzrticles of the gases do
not remain at the” same , distances, but approach cach
other so as to present a rcsultmtr volume of the com-
pound gas which bears the above menponul simple ratio
to the sum of “the two component gases. We may,
therefore, express the law generally, by declaring, that
when contractiop does take place, it is so related, that
the same unit meacures the volume that disappcars, the
volume of each of the gases which combine, and the
volume of the resulting ccmpound gas,

In explanatign of this ratc of contraction, it might
be supposed that either of the combining gawes sarren-
ders its caloric, and merges its volume ; and such an
explanatlon might apply, if the resulting volume always
corresponded with either of the combining volumes.
But this is oply sometimes the case: ammoniacal gas,
for instance, is formed from 1 voluinc of azote, amd 3
volumes of hydregen ; the resulting bulk is 2 volumes ;
which would not be the case, had either the azote or
hydrogen surrendered its gascous ex tistence. When the
atoms of azote and hydrogen combine, the atoms of
ammonia formed, retain the quantizy of heat proper to
themselves: but ﬂle singular fact, that the quantity of
heat retained is just sufficient to enable the newly
formed gas to occupy a volume, bearing the ratio to the
original gases already stated, remains unexplained, un-
less the existence of definite ratios of combined heat be
admitted.

I have not been deterred from advancing these no-
tions, vague as they at present are, on account of any
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considerations derived from the specific®heats of gases,
suspecting that we have asYet no certain knowledge
of that subject: it is not even agreed whether they are
the same in all, or different for eath: and when we find
the experiments of 1%elarochie and Berard diametfically
conflicting with those of Marcet and Delariye, it scems
but prudeft to abstain frol coming to any conclusion
on the subject. ] . . °

There is a cpnsideration relative to Gay-Lussaceg
discovery of the law of volumes, which sgems not to
have been attended to by chenists. *Fhe law has been
conceived to consist of twd distinct positions: fiist, that
gases combine 1 v8lume with 1 volume, or | with 2,
or 1 with 3; sedond, that when confraction follows
combination, the resuling volume *¢bears also a simple
relation with the volume of the gases, or rather with
that of one of them,” as it is expressgd by Gay-Lussac.
Does not the .second pos-tion flow from the first? and
do not both indicate parts of the same phenomenon ?
Two volunes Sf muriatic acid gas saturate 2 volumes of
gascous, aigmonia ; and 2 volumes of afqmonia consist
of 3 vélumes of hydrogen, and 1 volume of azote. 1%

the 3 volumes of hydrogen and'1 of azote did not con- %

dense into exactly 2 volumes of ainmonia, but occapied
the hulk of suppose 2. vibumes, thm the first positidn
of the law could not be fulfilled in the combination of
21 volumes of ammonia with 2 of muriatic acid gas.
The same kind of observation applies to the 2 volumeg
of muriatic acid gas fomposed of 1 volume of hydrogen
combined with 1 of chlorine. Again, if oxygeh, in
being converted into garbonic acid, suffered the slightest
expansion or®ontraction, the law of Volumes gould not
be obeyed in the saturation of 1 volume of carbonic acid
by 2 of ammonia. Were any expansion or contraction
to take place in the generation of carbonic acid, it
should be at least in such a ratio as would permit a
multiple combination with all other gases.

In the foregoing pages of this chapter, it has been
shown, as fully as the small space which can be allotted
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to the subject would permit, that matttgr combines
chemically with matter in li:nited quantities ;"that within
the limit there frequently are determinate and successive
stages of combination, in each of which the ponderabl~
quantities giving origin to the successive stages are
equal ; that this equality of ponderable quantities is
observable in solids and in gases ; and that, ia the case
oft gases, it is observahle as well when the quantities
_ ar= determined by volume. It now only remains to as-
certain the amount or value of the combining quantities.
Affinity is a property of all matter. it acts in such
a manner between two bodies, ‘that, when they combine,
they do so in quantities which are constant for the same
bodies ; and this is the case, whether there is one com-
bination or more. Forty parts of ulphuric acid saturate
32 parts of soda ; and the same quantity of acid saturates
28 of lime. These quantities of soda and lime are then
so far related, that each is the representative of the
other, with regard to the.power of saturating 40 parts
of sulphuric acid. The question occurs, is the acidity
of sulphuric acid sach that the ratio of the alkaline
bodies to cach other exists with regard to saturating dt
‘only ? or, is acidity.a general property, the same in all
acids,tso far as the ratio of the alkaline bodies adequate
to' saturate it_is concerned ¥ The latter form of the
question must be answered in the affirmative. Wedfind
that the above mentioned quantities of the two alkaline
hodies agree in the property of being saturated by 54
of nitric acid. Thus, a remarkable; relation subsists be-
tween' these quantities of the four substances concerned :
40 parts of salphuric acid act thp same part as 54 of
nitric acid, in saturating 32 parts of sowa, or 28 of
lime: they are all equivalents (as they are now pretty
generally called) to each other in saturating power:
they are the combining weights of these substances :
they are the representative numbers, from which we
learn the ratio of the quantities that saturate each
other. We learn from this ratio, that if 72 parts
(40 +32) of sulphate of soda, and 82 parts (54 +28)
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of nitrate pf lime were mixed, the® known order of
affinities Wﬁlld preval] and% total decomposition would
ensue: the 40 parts of sulphuric acid, which had been

~gaturated by 32 of sods, would ndw be equally saturated
by 28 of lime; that f%, the equivalent of 32 of sods; and
68 parts of sulphate of lime, would be formed : and the
32 parts Of soda, now hbei-atul must be saturated by 54
of nitric aclf the latter being the equivalent of £0 pasts
of sulphuric_agid, which had formerly saturated the
soda. Thus, the resylt of the decomposxpon would be
68 parts of sulphate of lime, and 88 parts of nitrate of
soda ; and there would be néither free alkali nor free
acid to be found it the mixture.

Indeed, in all*such double decomposmons, if the
original salts were ndutral, so will the resulting salts,
unless in a few cases of complicated affinity which need
not here be specitiec : and it cannot be otherwise.  For
if a salt, consisting of an acid, A, and an alkali, B, be
neutral, it is so because A saturates B: if, then, that
salt be decomposed by anothe - conSIStmg of an arid, C,
and ar caxgh, 1), the acid C bemg just su.ﬁluent to satu-
rate B} which had been previously saturated exactly By
A, then A and C are equivalents ; and 1t is nothing sur-s

*prising that A should saturate D, which had been pre-
viously saturated by C. oNeutrality myst result: the
two salts may, perhaps, not totally decompose each other ;
but the result of any decomposition that does take place
will be neutrality.

We may extend $he number of the four equlvalents
above mentioned, throughout the whole catalogue 8f the
different bodies in ngture. Whatever quantity of pot-
ash saturate®40 of sulphuric acid, will be the gquivalent
of 32 parts of soda, and of 28 of lime ; and will be sa-
turated as well by 54 of nitric acid: this quantity of
potash is 48 parts. Whatever quantity of carbonic
acid saturates 48 of potash, or 32 of soda, or 28 of
lime, will equal the saturating power of 40 parts of sul-
phuric acidfor 54 of nitric acid: this quantity of car-

bonic acid is 22 parts. Or, it will be found, that 42

* ce
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parts of oxide of zinc will saturate 40 parts qf sulphuric.
acid, and, consequently, 54« of nitric acid,’and 22 of
carbonic ; and to these, or any other acids, it will be
equivalent in saturating power t0-32 of soda, 26 of lime
and 48 of potash. These observations have presented
us with the, following scale of equivalents, the names
representing the bodies to be combined, and tie num-
, bes showing the quantities in grains, pounds, or tons,
or, any other denominations, which saturatc each other,
"in such cases as combinations actually take place: —
Sulphuric acid 40 = nitric acid 54: carbonic acid 22:
oxide of zinc 42: potash 48 :¢soda 32: lime 28.

Now, as all thesc bodies are compound, and arc equi-

valents to cach other, it would follow,"as a consequence,
that the elements of which they xre composed are also
equivalents to each other in relative quantity ; and that,
in the case of any two of these bodies —sulphate of zinc,
for instance — we are not merely to consider that salt as
composed of sulphuric aci/l and oxide of zinc, in a cer-
tain ratio to each other, but as composeda of sulphuric
acid, zinc, and oxygen. The 42 parts of oxjde pf zinc
gonsist of 34 parts of zinc and 8 of oxygen: ‘conse-
quently, 34 is the equivalent number for zine, and &
for onygen. If we examine potash, soda, and lime, int
thie same manner, we should, of course, find 8 constantly
the equivalent‘for oxygen: thus, 48 parts (the cquiva-
lent) of potash consist of 40 parts of potassium and 8
of oxygen: 32 parts (the equivalent) of soda consist of
24 sodium and 8 oxygen : and 28 parts (the equivalent)
of lithe consist of 20 calcium and 8 oxygen. .Thus we
have obtainedathe following additjonal equivalents :——
Oxygen 8 ; zinc 94 ; potassimn 40 ; sodifam 24 ; cal-
cium 20.

But the acids above enumerated are also compounds :
they consist of oxygen and a base ; it is, therefore, ne-
cessary to discover if the oxygen is the same in them as
in the substances just examined. Sulphuric acid, in 40
parts (its equivalent), contains 16 of sulphur, and so
much as 24 parts of oxygen: nitric acid, in 54 parfs
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(its equivglent), contains 14 of azofe, and 40 parts of
oxygen: &nd carbonic acid, in 22 parts (its equivalent),
contains 6 of carbon and 16 of oxygen. In these acids,
wyve, therefore, have the oxygen #s 24, 40, and 16 ; -and
in the former estiflate we have it 8. But as‘'8 is the
quantity which exists in oxide of zinc, potgsh, soda, and
lime ; ahd_as 24 is three tlmeb 8, and as 40is ﬂve times
8, and 16"is twice 8, it is cvident that 8 is ‘the eecal,
equivalent nuigber ; that in sulphunc ‘acid there agg 3
doses of oxygen, in gitric acid 5, and in qarbomc acid 27
These analyses afford the following® gdditions to the list
of equivalentb, the numWers Being found by subtracting
the oxygen in eb.(.h casc: sulphur 16; agote; car-
bon 6. ¢
In water the oxfpgen is 8 yplrts, the hydrogen 1
part, both by wc:ght 8 being the eqm valent of oxygen,
1 is the cquivalent of hydrogen. 'l‘hc following table
presents all sthese bodi's, with their respective num-

bers: — .
Hydrogen - 1 Lime o - 28
Cagbor? - - 6 Soda - - 3%
Oxygen . - ¢ 8 Zinc - - 34
Azote - - 14 - Sulphuric acid - 40
Sulphur - 16 Potassiim - ° 4Q
Calcium - - 20 Oxudeof sinc - 42
Carbonic acid - 22  Potash - - 48

Sodium - -~ 2%  Nitric fcid - 54

And we may easilytfind the equivalents of any of the
compounds of them by adding the numbers tofether :
thus water will beg 84 1=9; nitrate f lime will be
54 +28=88, &c. 'l‘he value and nfeaning of this table
will be more fully seen in the following observations:—

The numbers representing the equivalents in the
table, may be increased or diminished to any extent : hy.
drogen, instead of being 1, may be represented by the
number 100, or by 1000, or 999, or any other num-
ber, provided that all the “other numbers are multiplied
in an equal ratio. Or hydrogen may be represented by
‘ cc2
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1005 OF Tohgu, If all the other numbers are equally
dimipished. If hydrogen were 100, uxyge would be
800, nitric acid 5400. Were hydrogen 0-01, oxygen
would be 008, and muitric acid’ 0°54 ;—numbers al
equallydinconvenient either to write ‘or to speak. It is
the ratio that renders them of value: the table informs
us, that 40 parts of sulphuric ‘acid would sabwdte 48 of

.potish ; but there is nothing ur »ful in the numbers 40

and 48 more than in 20 and 24, or 5 ard 6: it is the

‘ratio of thé sylphuric acid to the potash which we re-

quire to know, and'of which we are informed by the
table. Lvery onc knows that the larger the numbers in
any scrics are, the more difficult it bécomes to perceive
their relation. Thus the relation of the numbers in the
progression 1, 2, 3, 4, 5, &c. is oBvious on inspection ;
but it would not be so were we to express the same re-

" lation by the nuinbers 129, 258, 887, 516, 645, &c.

Hence, it has been an object to reduce the equivalent
numbers to the lowest ratin that can be obtained.

But, the ratio being the main object of the scale of
equivalents, it may be enqulred why are not the numbers
,rehuced far below what are given above? for thescale,
if extended so as to include all known bodies, will give
numbers higher than 500. To understand the answer *
to this questlon we must firs$ consider the nature and
constitution of numbers in general, so far as is Meces-
sary to a clear comprehension of the nature and consti-
tution of the numbers which represent chemical equi-
valents. &

Eudlid defines number to be a multitude of units.
Mr. Locke observes, “ Amongst al- the ideas we have,
as there is none sfiggested to the mind by’more ways,
so there is none morc simple, than that of unity or 1.
1t has no shadow of variety or composition in it: every
object our senses are employed about, every idea in our
understandings, every thought of our minds, brings thie
idea along with it.” — * By repeating this idea (unity)
in our minds, and adding the repetition’ together,
we have the complex idea of a million, or any other
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number.” 8 Euler eefines number to be ¢ the proportion

of one magnitude to another arbitrarily assumed as the
unit.” In short, we' can have yo idea of any number,

put in reference toéome standard which’ measm'es ‘that
number ; and that standard is 1, or unity. In%ts own
nature l}nity is not a number, aml therefdte, it is indi-
visible: far, even though .t should rt.ally cons1s§l of
parts, “jt has no shadaw of composition in it,” and it®
is ¢ arbitramly assumed” to be one. Such is the nathre
of the unit of nunfber; and thig natute will now be
shewn to correspond ith.the unit of the table in
question.

On inspecting, the table of equivalepts, we learn that,
to form potash, 40 parts of pofassium must combine
with 8 of oxygen. The table gives the quantity, but
not the quality, of the relative weights: it does note
declare whether the weights are® grains, ounces, or
pounds. I practice, it may be any of them; in
general, it may be parts ; But, in the theory and con-
struction of the table, a very differeny denomination,
fromg,an® palpable weight, is implied “ When we gon-
suler the numbers concerned, viz. 4«() and 8, they conv
no idea, unless they refer to the ihit, or measurg, of all
the rest: forty times .vgmethmg else, and eight times
the same, are hoth implied by the sumbers. The
measure expressed in the table is hydrogen ; it is called
1, and is therefore the unit. Thid affords the reason
why the numbers i the table arc so high: they all réfer
to hydrogen as unfty ; and hydrogen enters ingo com-
bination in very small quantities, partly owing to its
lightness cgmpare(Pmth its bulk, and fartly to its great
saturating power. For instance, the weight of hydrogen
that combines to form ammonia, is almost five times less
than that of the azote: the weight of hydrogen, in
sulphuretted hydrogen isonly 1zth ; and, in hydriodic
acid, it is but {1,th. It is obvious, that the less the
weight of hydrogen is, which combines with other bodies,
the greater must be the weight of those bodies which

« cc d
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combine with it: for the terms wore anfl less are
correfatives. " N ’

The necessity of an_ unit having been thus pointed
out, the next criquiry is, concernin the denomination cf ’
which this particular unit is, as it is not the measure of
any palpable‘ weight known in practice. The most in-
telligible. mode of introducing the subject, ~will be to

udetfil the circumstances'which,led to the idea of cm-
plet ing equivalent numnbers.  Mr. Dalton was the first
who distinctly sconceived that, from: the relative weights
of the elements in the mass of any compound body,
the relative weights of the ultimate varticles or atoms
of the bodics may be inferred: and that, from this,
their number and weight, in various other compounds,
would appear in such a way as to assist and guide future
investigations, and, to correct the results. He inferred the
relative weights of thr: atoms in the following manner :—
Water, he conceived to consist of 1 part, By weight, of
hydrogen, and 7 of oxygen. It must be presumed, he
thinks that, whep two combinations of two bodies can
be obtained, the first must be composed of awatom of
each combined ; and the second, of 2 atoms of one, and
F atom of the other." Applying this rule to the two
('orqbinﬁtions of oxygen and hydrogen, we must suppose '
that water consists of an aton! of hydrogen combined
with an atom of oxygen: and, if this be admitte® the
weights of the atoms must be in the same ratio as the
weights of the total quantities that compose water. Hence,
an atolp of hydrogen will weigh 1, and the atom of
oxygen will weigh 7. Ammonia, Mr. Dalton conceived,
to consist of 1 pért of hydrogen, combined with nearly 5
of azote ; and, as he considered ammonia as composed
of an atom of each element, there being but one known
combination of hydrogen and azote, the weight of the
atom of hydrogen is 1 as before, and that of the atom
of azote is about 5. Carbonic oxide, consisting of
oxygen and carbon in nearly the ratio of 7 to 5, and
being composed of an atom of each-element, the atom of
oxygen will weigh 7 as before, and the atom of carbon
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about 5 : and the weight of an atonf of carbonic oxide
willbe 7 % 5 = J2.t ) .
In this wayhe proceeded to examine many compounds,
Wgirst assuming the weight of an %tom of hydrogen to be
unity, and, from tRat, determining the weigh% of the
atoms of other elements, by representing thgn as so many
times héavier than the atom of hydrogen — the number of
times being discovered by comgarison of the wlighw ofgy
the different, elements. Thesc weights were determiged
by analysis of the compound formed either with one part
of hydrogen, or with a given wtight of some other
element, the relation of® the atumic weight of which to
that of hydrogen had been already ascertaingd. Thus,
the weight of the atoms of other bodies"were expressed in
atoms of hydgogen, &ach of whicll was denoted by unity.
The reason for adopting hydrogen as unity, is, be~
cause that body, uf all others, cngers into combination *
in the smallest weight: : hence Mr. Dalton considered
hydrogen to be the most praper unit. We now see that
this unit is an atom ; anu that an atom corresponds
with thessimple and indivisible nature §f*an unit : for an
aton?, without a contradiction in terms, can have no pérts.
It will be useful to reconsider afew of the equivalengs
in the table already given, and to show in whatemanner
these numbers have been derived, so different as they
are from the numbers originally given by Dalton. Water
is now known to be a compound ofa] part of hydrogen
and 8 of oxygen, both by weight. It is conceived that,
in water, the twos gases are combined, atom to atom ;
which is the same as to say, that there are & many
atoms in 1 part,eby weight, of hydnggen, as in 8 of
oxygen : 4nd, if this be so, it is*quite clear, that, as.
suming the atom of hydrogen as 1, for the reasons
already assigned, the atom of oxygen must be 8 times
heavier. Hence, in the table, hydrogen is called 1, and
oxygen 8. But no assertion is made further than regards
the ratio of their weights : nothing is conveyed ‘as to the
4
% All these atomic weights, given by Mr. Dalton, have becn altered in
eonsequenge of subscquent inv.estigatnonl. 4
. cc
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actual number of ‘particles of either qxygen o hydrogen
contsined in a given weight of these gases. !

Again : olefiant gas is composed of equal volumes of
hydrogen and‘ carbon vapour. 100 cubic inches ¢
carbon+ vapour weigh 12:682 grains, and the same
volume of hydrogen, 2:1197 ; that is, a volume of car-
bon vapour weighs G times (qu. pr.) more than an equal

a volume of hydrqgen. 1f it be assumed, that these two
gaess unite atom to atom, it 1s quite clea that, without
asserting any.thing as to the number of the atoms in
any volume of these gases, we may conclude, the atom
of carbon is G times heavier than that of hydrogen :
hence, the, latter being 1, the former is rated 6 in
the table. '

The same atomic weight may be derived in another

1 Way.  Carbonic pxide consists of 339153 parts of
oxygen, and 25:364.of carbon, both by weight : that is,
the weight of the oxygen is to that of the carbon, as
1:3371 to 1. Now, as it is assumed that the oxygen
and carbon combine atom to atom, it is plain, that the
atom of the former will be to the atom of theslatter, in
.weight, as 1-3571 to 1. But the atom of oxygen has
already been shown to weigh 8: therefore, as 1-3371 is
to 1, sowill 8 be to 6 (qu. pr.); and thus again we
obtain 6 as thg, atomic weigh. of carbon. Here it is
to be observed, that the atomic weight of carbofl has
been obtained, apperently, without reference to that of
hydrogen. But it has been compared with the atom of
oxygen, and that was originally obtafned by comparison
with tﬁe atom of hydrogen. The atomic weight of
carbon is, therefere, indirectly derived from a comparison
with that of hydrogen. ¢

We may also infer the atomic weight of carbon
from marsh gas and carbonic acid, with instructive re.
sults. Marsh gas consists of carbon 12682 parts, and
hydrogen 4239, the ratio being very nearly as 3 to 1.
When these quantities unite, it cannot be supposed that
they combine atom to atom ; for that was the suppo
sition in the formation of olefiant gas. The hydrogen
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is now do@ble the,weight ; hence itd afoms are double
the numbet : and s the wdight of the carbon is to that
of the hydrogen, in the case of marsh gas, as 8to 1, and

%e5 in the 1 of hydrggtn there thust be two atoms, "the
real weight of carbon is as G to 1; that is, theeatomic
weight of carbon is again found to be 6. e

Carbonig acid consists of, 33°9153 parts of oxygen
and 12-G82 of carbon ; the fofmer is Jo the fatter®as o
2:674 to 1. But the volume of oxygen in carbawiq
acid is twice as greateas it is in carbonic exide ; so also
must be the number of atoms. Yence, the ratio of
weights being as’2-(i74~ to 1, and the former number
representing 2 atpms of oxygen, we have theeproportion
20674:1::16:0 (qu.pr.). !

The atom of azoté is deduced *from the composition
of protoxide of azote. 'T'o form this, 33:9153 parts of
oxygen combine with 60071 partseof azote ; hence the
azote is to the oxygen as 1°771to 1: and as the atomic
weight of oxygen has been @#rcady proved to be 8, and
the two clements combine atom to, atom, we have
1:1°771e:8: 14 (qu.pr.). Hente the ‘atomic weight
of azote is 14. .

The weight of the atom of sulphur may be derived
from sulphuretted hydrogen, which consists of 2:1197
perts by weight of hydroghn, and ;4-2 ofysulphur. The
weight of the sulphur is, therefore, to that of the hydro-
gen, almost exactly as 16 to 1. Hydrogen being unity,
the atomic weight of sulphur is 16. .

From these examples it appears, that the atomic
weights are all derived, directly or indirectly, from hy-
drogen assumed as ®nity : and as the @nit in the table
of equiva]er?ts is an atom, so also the equivalent num-
bers are multiplications of that atom. It is, therefore,
manifest, that nothing is known of the real weight of
an atom in any ponderable or practical denomination,
such as grains, &c. An atom must certainly possess
physical weight, be it ever so minute ; but as it is totally
inappreciable, we aresutterly ignorant of it. It there-
fore follows, that the nymbers in the table of equiva-
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lents do not revlly represent ponderables quantities,
although they tnay be usedpas such, -They merely re-
present ratios of weights, and not the Weights themselves.
When it is said that tne atom of carbon is 6, it is ip~
tended*to affirm that its atom is six times heavier than
the atom of. hydrogen, assuming the latter arbitrarily
as a standard of comparisoh, and not professing to
uuderstand the value of that standard. In the same
manner, we say that the atom of oxygen is 8 times
“hicavier than that of hydrogen ;,and hence (adding 8
to 6), that the atom of carbonic oxide is 14 times
heavier than the atom of hydrbgen.

But we must also view these numbers under
another aspect. If they represent the compara-
tive weights of atoms, and if bouies combine atom to
atom, these nuinbers must, as already stated, represent
the ratio in which bodies combine and saturate each
other ; hence the name combining weight, given to them
by Dr. Young. Thus, if 16 represent an atom of sul-
phur, and 1 an atom of hydrogen ; and if sulphur and
hydrogen unit: atom to atom, then 16 parts, (whether

" gthins or pounds) ought to saturate 1 part of hyarogen,
end thus form 17 parts of sulphuretted hydrogen ; and
the nwmber 17 should also be the atomic weight and®
coinbining quantity of that gus. 'This is true ; for we
find that 17 parts of sulphuretted hydrogen ent into
combination with 56 of sulphuret of potassium. This
last number is the atomic weight of sulphuret of po-
tassium—it being composed of an asom of sulphur=16,
and ah atom of potassiuin = 40. It is in this way
that the table of equivalents becomes of such vast im-
portance to the practical chemist, especial:y when laid
down on a scale with a slider, as in Wollaston’s scale of
equivalents, which even performs arithmetical operations
on compositions and decompositions.

On inspection of the table of equivalents above given,
it will be found, that the numbers are all multiples of the
weight of hydrogen, and that, of, course, no fractional
numbers occur. Indeed, the same observation applies
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to the equifalent nymbers of all the bsdi;:s known, with
but very few exceptions. ¥he singular circumstance,
that the first adopted unit* should exactly measure the

®.moms of all the sulstinces whidh were %fterwards Te-
duced under the law of multiple ratios, might e ex-
plained by supposing that the atom of hydrogen is the
natural andereal unit of all patter ; or, more p{obably,
that fractions have heey removed by, the.correcti®ns (
made in theeamalysis of bodies, according tg a practice
now almost invariably adopted and allowegd by chemists.
Notwithstanding this coincidence, it"has been considered
by the majority of good judges, that there are countervail.
ing advantages ir} assuming oxygen as unity, dn place of
representing it by the number 8. (f*dxygen be con-
sidered 1, we. must®then reducé the whole scale of
equivalent numbers to /th of what they would be wcre
hydrogen 1. Thus, sulnhuric acidy which in the table
is 40, woultl then be . ; and nitrie acid, instead of
being 54, wquld be 675 : dime, instead of 28 would
be 3:5: carbonic acid, from 22, would, change to 275 ;
and hydregen would be 0-125. Ih thisg dase, almost one
half of all the ascertained numbers would be fractional ;

,but they are almost always, those fractions which asy
casily remembered, such as } = 0'25, or § = 05, or
4% = 075. Dr. Thomsoh, in aavocatipy the oxylken
scale, says, ¢ Surely it will not be said that the frac-
tional numbers are more unwieldysor unmanageable
than the whole numbers ; while, in all cases of whple
numbers, the advarkage on the side of the latter method
is very great. 'Thus, if hydrogen be unity, the $tom of
uranium is 208 ; while, if oxygen be anity, it is only
26.”—(FiMt Prine.i. 17.) On te other hand, Dr.
Ure observes, “ It has been obﬁected by some, to our
assuming hydrogen as the unit, that the numbers re-
presenting the metals would become inconveniently
large. But this could never be urged by any one ac.
quainted with the theory of numbers. For in what
respect is it more convenient to reckon barium 875 on

* Hydrogen was thg unit chosen by Mr. Dalton.
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the atomic scale, or 875 x 16=140 on sit H. Davy’s
scale of experiment ? OrH#s it any advantdfe to name,
with Dr, Thomson, tin = 7-375, or to call it 118 on
the plan of the English philosopher? T1f the cor.l
bininge'ratios of all bodics be multiples of hydrogen, as
is probable,-why not take hydrogen as the umt” It
appears to me that the oxygen scale of nu=ubers, con-
sidered with resard to uumeriral convenience only, has
Jittle or no advantage over the hydregen scale. In
writing, speaFing, or thinking, the three figures, 875,
seem to have no advantage over the other three figures,
140 ; and there are many such instances.  Dr. Thomson
assigns, alsn, the following reason for preferring oxygen
as unity :—‘“ *Hydrogen, so far as we know at present,
combines with but tew of the other "nnplc. bodws,
while oxygen unjtes with them all, and often in various
proportions.  Consoquently, very little advantage is
gained by representing the atom of hydroken by unity,
but u very great one by representing the atom of oxygen
"by unity: for it reduces the greater numher of arith-
_ metical operatirns, respecting these bodies, do the ad-
" difion of unity ; and we sec at once, by a ;,lance of the
#ye, the number of atorms of oxygen which enter into
combifation with the various hodies.” This argument
sedms to me “vnanswerable. ¢ In the appendix gto Dr.
Thomson’s System of Chemistry, recently lpulﬁlshed
there is a list of £90 bodies, the atoms of which are
tepresented by numbers composed in all of 1026 digits
for the oxygen scale, and §00 forsthe hydrogen scale.
Thus, on an average, the number of dlglts employed for
each body, accerding to the two scafes, is as 1:31 to 1;
a trifling dlsadvantage‘ compared with the preat utlhty
of subtracting, adding, or remembering the dose of
oxygen belonging to a body by means of unity, and
many other important substances by numbers not very
much greater.

Either of the scales will answer the purpose. In
order to convert the hydrogen scale into ‘the oxygen
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scale, dividg the former by 8. If the oxygen scale be
multiplied §y 8, the product will be the Hydrogen scgle.
1t is now nccessdry to shdw, that the numbers them-
ecclves, cousidered abstractedly aserepreseqtatives of the
weights of atoms, awd without reference to theig capa-
city of capressing combining ratios, are hypothetical
and useless ; and that they may be, in reality, very dif-
ferent fronfwhat we supposé themn.  As there %re Rt .
two units employed, oxygen and hydrogtn; and as b
of these are® contained in water, the composition of”
which is agreed on By all chemises ; the analysis of
water may be considered as”the basis of the atomic
hypothesis.  Water consists of 1 part of hydrogen and
8 of osygen, boh by weight; or, what is “the same
thing, 2 volumes of ethe formersand 1 of the latter.
It is inferred,"that in the € volumes of hydrogen there
are exactly the sam. number of ultilmate particles, or
atoms, as thgre are in 1volume of dxygen. But there
are no grounds for the inference, beyond a supposed
probability. eIt originated with Mr. Dalton, and was
expressed in the following words : e— “® When only one
combimation of two bodics can be obtalned, it mustobe
preswmed to be a binary ™ one, unlgss some cause appeas,
oto the contrary: and when two combinations age ob-
served, they must be prgsumed *c be a«binary and a
ternary.”+ Water is, therefore, inferred®to consist of an
atom of hydrogen combincd with an agom of oxygen. It
is further inferred, that a given volume of hydrogen con-
tains but half the mgmber of atoms contained in the same
volume of oxygen: and as the weight of oxygendn wa-
ter is 8 times greatel than that of hydrogen, the atom of
oxygen is iferred to be 8 times Iwavier than that of
hydrogen. The truth of the fact inferred, however,
depends on the truth of the assumption, that the two
gases unite atom to atom ; —a position which may be
either denied or admitted at pleasure, for it is perfectly
gratuitous. It may be affirmed, as equally prof)able,

* Mr. Daltof explains a binary compound to mean an atom of cach ele.
ment in combination

+ A ternary compound is 1 atew ccmbined with 2 atoms. ]
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that a volume of ‘aydrogen consists of the seme number
of atoms as a vhlume of oxygen. In !.\h s case, the weight
of an atom of oxygen will be 16 tin.es heavier than an
atom of hydregen; ard then, if oxygen be assumed gs-
1, an ajom of hydrogen will weigh (*0625, instead of its
double, 0:125 ; or, if hydrogen he = 1, the atom of
oxygen will weigh 10, instead of 8, and all the numbers
inuhl. table, of equivalents must be doubled.” 1In short,

e know nothing of the number or weight of atoms
(.onstltutmg hydrogen or oxygen gas, all numbers pro-
duced by multiplicution of the atom of either must be
conjectural, and only valuable so far as they express
ratios to an umt assumed at pleasure.

Anather insta.ce of the fallacy of ‘the gcneral rule,
that when two compounds arc kncwn, one is to be pre-
sumed to be binary and the other ternary, may serve to
set this matter in a proper point of view. If hydrogen
be = 1, oxygen will be = 8. Analysis shows that about
8 parts of oxygen combine with 200 of mercury to form
the protoxide, and 100 to form the peroxide. If we
take 8 as one x.t‘iim of oxygen, and if, accordipg to the
‘rule, as there are two combinations, the protoxide is
binary, then the atom. 8 will unite to an atom of mer-
cury, which, consequently, will be represented by 200.
The atom of mercury has bewn hitherto, accordingly,
rated at 200 in” hydrogen tables of equlvalents, #d at
25 in oxygen tables. Butwe may just as well suppose
that the protoxide consists of an atom of oxygen com-
bined with 2 atoms of mercury; and then the number
represéating mercury is reduced to one half, that is,
100 or 12-5. oThis view has been adopted by Dr.
Thomson, in the lasi edition of his System ofhemistry,
for reasons which he has there stated, and which, when=
ever they will be founded on an extensive induction,
will be of the utmost value in determining the real
atomic numbers. Inhis Introduction, p. xiii., speaking
of the tables of atomic weights, he says, “ It is not
unlikely that some of these numbers may be twice as
high as they ought to be.” But, at p.ix., he sums up
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the real condition of the atomic numiers in the follow-
ing: —*“ In mahy. cases it is not easy tb fix upon, the
truc atomic weight of a body. We can always infer
»+Jat the weight of one body that enters ingo combination
with another, eithe®denotes the atomic weightepf the
body, or at least a multiple or submultjple of that
weight ;*but in some cades it may be very difficult to
determine which of the threé.” * e
These statergents hold®true, whcthcr we take oxyggn
or hydrovcn as unity,; and whether we adutit the ex"
istence of atoms, or not. It hasbeen supposed by some,
that the doctrine of detfrmiifate proportions is a mere
expression of facth, and essentially different, from the
atomic hypothesi8, which is founded own the assumption
of the finite divisibility of mattersy; or, in other words,
on the atomic constitution of bodies. 1t appears to me,
that there is as much hypothesis in dne doctrine as in
the other. We say tha: an indivisible atom of hydro-
gen = 1, combines with an jndivisible atom of oxygen
=38; and tife latter combines with an indivisible atom
of mercugy = 200. Here, it mary bt?'syald are three
gratuftous assumptions : first, that the combining quan-
titics are atoms; secdndly, t‘lat othey are indivisibles;
and, thu-d]y, that the bodies combine atom toe atom.
But in the doctrine whigh profisses to-embody facts
only, we can detect these same three assumptmns tacitly
involved. According to this mode of expressing the
phenomena, a certain quantity of hydrogen — the legst
that enters into .gombination —is called unlty, even
although it consists of 2 volumes; this is the very
same position, in agother form, that hagbcen considered
objectionabfle in the atomic hypothedis of Dalton. The
quantity of oxygen with which this unites, ¥s the least
that enters into combination ; and the quantity of mer-
cury with which thislast unites, is also the least that enters
into combination. Here, then, we have three bodies
taken in the least quantity that enters into combination.
How does this quantity differ from an atom rightly
understood ? An atom does not mean a quantity which
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cannot be divideds but one which never is known to be
divided ; comlfining quantity means’ the same: hence,
whatever objection applies o one, akplies to the other.

And, in general, the dtables of .equivalents profess tp
contalqg the smallest weights whicl# enter into combin-
ation ; such, also, are atoms. By the application of
certain prmclples, Dr. Thomsoen has reduced the welght
of gn atom of mercury to one half: the samlc reasoning
sigpilarly aflects'its combining {uantity. . In fine, what-

‘ever appli¢s to one doctrine, scems to dpp]y to the other ;

and both appear to #e different methods of expressing
the same thing. S

If the truth of the law which is uffirmed to govern
multiple compinetions be admitted, atid if the law be
believed to depend on«the union ofubodles, atom to atom,
it must be universal in its operation, and there can be
no exception. ''o admit an exception, would be to
admit the existence ‘of parts of atoms, which the atomic
hypothesis excludes ; fer, the combining ratios must
always consist of 1, 2, 3, 4, &c. atoms tb 1. But, in
point of fact, we'find ratios that appear to militate with
this law. Thus 35 of iron, in order to form the'prot-
axide, combine with gxygen 1 atbm. According to the
Iaw of multiple ratios, we should expect that the second *
stage of oxidation would requive 2 atoms of oxygen ;
whereas experfment proves, that 13 atom is the®real
quantlty that enters into the peroxide. With a view of
removing this anomaly, Dr. Thomson says, ““ I need
hardly observe, that we can get rid of thesc half atoms
with the greatest case, by merely doubling the numbers
representing thg constituents of the compound. Thus,
if an atom of iron weigh 35, and an atom of oxygen I,
and if we consider it as absurd to view peroxide of iron
as a compound of 1 atom of iron and 14 atom of oxy-
gen, we have only to double 35 and 1'5, which are the
two coustituents of peroxide of iron. By so' doing, we
get 7= 2 atoms of iron, and 3 = 3 atoms of oxygen ;
and the peroxide of iron wxll be a compound «of 2 atoms

Ve
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It does mot appear to me that the 2apomaly is here
more than apparenjly removed: the fraction has cer-
tainly disappeared from the \mmbers, but it seems still

eto exist secretly. In osder to adifiit this &xplanation, I
think we must also a®mit — what chemists will scarcely
assent to—that 1 atom of iron cannot be brmght to the
state of prroxide, since 2 dtoms require 3, and since the
only possiblé division of 3 is ‘inte threc sepasate who®
atoms. Such cgses as thiS—and there are but few-e
should 1ot be consldere.d as exceptions, buteas facts, the
circumstances of which are not yet® fully understood.
Should it, as it very pro‘bably will, be hereafter dis-
covered that there®is an oxide consisting of «35 iron
~+ 2 oxygen, we nlay then suppose that the second oxide
is a compound of an %tom of each of the other two
oxides.
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peraturc ofy 397

Antigony, %66, .

Arnl]n , gum, 290. Its properties,
29).
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178.
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Fixed oils, 289.
Fluids, bad conductors of heat, 84.
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Mortimer, Dr., 175.

Morveau, hiseopmion of the at-
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the origin of carbon, 321.
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Pallas, professor, 245.
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eroxide of hydrogen, 143.
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Zeise, Dr., . ¢
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Zircomum, 263,

THE END.
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