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HEAT. - 47

in the vacuum of the air-pump, is so intense as, under favourable circum-
stances, to freeze mercury.* :

Scientific men have differed concerning the cause of evaporation. It was
once supposed to be owing to chemical attraction between the air and water,
and the idea is at first view plausible, since a certain degree of affinity does
to all appearance exist between them. But it is nevertheless impossible to
attribute the effect to this cause. For evaporation takes place equally in
vacuo as in the air; nay, it is an established fact, that the atmosphere posi.
tively retards the process, and that one of the best means of accelerating it,
is by removing the air altogether. The experiments of Dalton prove that
heat is the true and only cause of the formation of vapour. He finds that
the actual quantity of vapour, which can exist in any given space, is de-
pendent solely upon the temperature. If, for instance, a little water be put
into a dry glass flask, a quantity of vapour will be formed proportionate to
the temperature. If a thermometer placed in it stands at 329, the flask will
contain a very small quantity of vapour. At 40°, more vapour will exist in
it; at 50° it will contain still more; and at 60°, the quantity will be still
further augmented. If, when the thermometer is at 60°, the temperature of
the flask be suddenly reduced to 40°, then a certain portion of vapour will
be converted into water ; the quantity which retains the elastic form being
precisely the same as when the temperature was originally at 40°.

1t matters not, with regard to these changes, whether the flask is full of
air, or altogether empty ; for in either case, it will eventually contain the
same quantity of vapour, when the thermometer is at the same height. The
only effect of a difference in this respect, is in the rapidity of evaporation.
The flask, if previously empty, acquires its full complement of vapour, or, in
common language, becomes saturated with it, in an instant; whereas the
presence of air affords a mechanical impediment to its passage from one
part of the flask to another, and, therefore, an appreciable time elapses before
the whole space is saturated.

Dalton found that the tension or elasticity of vapour is always the same,
however much the pressure may vary, so long as the temperature remains
constant, and there is liquid enough present to preserve the state of satura-
tion proper to the temperature.;;]f for example, in a flaceid bladder contain-
ing a little water, the pressure on its surface be diminished, the vapour in
the interior will expand proportionally, and consequently for the moment
will diminish in elasticity, because the tension of gaseous substances at a
constant temperature diminishes in the same ratio as the volume increases,
or, in other words, the elasticity varies inversely as the volume ; but the va-
pour in the bladder will speedily recover its original tension, since the water
will yield an additional quantity of vapour proportional to the increase of
space. Again, if the pressure on the bladder be increased so as to diminish
its capacity, the temperature remaining constant, the tension of the confined
vapour will still continue unchanged, because a portion of it will be con-
densed proportional to the diminution of space; so that, in fact, the remain-
ing space contains the very same quantity of vapour as it did originally.
The same law holds good, whether the vapour is pure, or mixed with air or
any other gas.

i{‘Im elasticity of watery vapour at temperatures below 212° was ecare-
fully examined by Dalton, (Manchester Memoirs, vol. v.); and his results,
together with those since published by Dr. Ure, in the Philosophical Trans-
actions for 1818, are presented in a tabular form at the end of the volume.
They were obtained by introducing a portion of water into the vacnum of a
common barometer, and estimating the tension of its vapour by the extent
to which it depressed the column of mercury at different temperaturcs. But
Dalton did not confine his researches to water; he extended them to the
vapour of various liguids, such as ether, alcohol, ammonia, and solution of

* See a paper by the late Dr. Marcet, in Nicholson’s Journal, vol. xxxiv.





































































































































































































































PRELIMINARY REMARKS. 123

ciples which guided them in its construction are exceedingly simple and in-
genious. The kuown elementary substanees, and the more familiar com-
pound ones, were allowed to retain the appellation which general usage had
assigned to them. The newly.discovered clements were named from some
striking property. Thus, as it was supposed that acidity was always owing
to the presence of the vital air discovered by Priestley and Scheele, they gave
it the name of oxygen, from ¢£ve acid, and J0vey to generate; and they
called inflammable air hydrogen, from iJag water, and 3 svvarv, because it en-
ters into the composition of water. '
Compounds, of which oxygen forms a part, were called acids or oxides,
according as they do or do not possess acidity. An oxide of iron or copper
signifies a combination of those metals with oxygen, which has no acid pro-
perties. The name of an acid was derived from the substance acidified by
the oxygen, to which was added the termination in ie. Thus, sulphuric
and earbonic acids signify acid compounds of sulphur and earbon with oxygen.
If sulphur or any other body should form two acids, that which contains the
least quantity of oxygen is made to terminate in ous, as sulphurous acid.
The termination in uret was intended to denote combinations of the simple
non-metallic substances either with one another, with a metal, or with a me-
tallic oxide. Sulphuret and carburet of iron, for example, signify conpounds
of sulphur and carbon with iron. The different oxides or sulphurets of the
same substance were distinguished from one another by some epithet, which
was commonly derived from the colour of the compound, such as the black
and red oxides of iron, the black and red sulphurets of mercury. Though
this practice is still continued occasionally, it is now more customary to dis-
tinguish degrees of oxidation by the use of derivatives from the Greek or
Latin. Protoxide signifies the first degree of oxidation, binoxide the second,
and feroxide the third; and the term peroxide is often applied to the highest
degree of oxidation. The Latin word sesqui, one and a half, is used as an
affix when the elements of an oxide are as 1 to 13, or as 2 to 3. The sul-
phurets, carburets, &e. of the same substance are designated in a similar
way. Compounds consisting of acids in combination with metallic oxides,
or any alkaline bases, are termed salts, the names of which are so contrived
as to indicate the substances contained in them. If the acidified substance
contain a maximum of oxygen, the name of the salt terminates in ate; if a
minimum, the termination in ife is employed. Thus, the sulphate, phosphate,
and arseniate of potassa, are salts of sulphurie, phosphorie, and arsenic acids;
while the terms sulphite, phosphife, and arsenite of potassa, denote combina-
tions of that alkali with the sulphurous, phosphorous, and arsenious acids.
The advantage of a nomenclature which disposes the different parts of a
science in so systematic an order, and gives such powerful assistance to the
memory, is incaleculable. The principle has been acknowledged in all coun-
tries where chemical science 1s cultivated, and its minutest details have been
adopted in Britain. It must be admitted, indeed, that in some respects the
nomenclature is defective. The erroneous idea of oxygen being the general
acidifying principle, has exercised an injurious influence over the whole
structure., It would have been convenient also to have had a diffcrent name
for hydrogen. But it is now loo late to attempt a change ; for the confusion
atlending such an innovation would more than counterbalance its advantages.
The original nomenclature has, therefore, been preserved, and such additions
have been made to it as the progress of the science rendered necessary. The
most essential improvement was suggested by the discovery of the laws of
chemical combination. The different salts formed of the same constiluents
were formerly divided into neutral, super, and sub-salts. They were called
neutral if the acid and alkali were in such proportion that one neutralized
the other; super-salts, if the acid prevailed; and sub-salts, if the alkali was
in excess. The name is now regulated by the atomic constitution of the
salt. If it is a compound of an equivalent of the acid and the alkali, the
generic name of the salt is employed without any other addition ; but if two
or more equivalents of the acid are attached to one of the base, or two or






































































































































































































































































































CHLORINE. 221

is insoluble in water, acids, and alkalies; but is dissolved by hot oil of

turpentine or by aleohol, and forms acicular crystals as the solution cools.

i:ilzluma with a red flame, emitting much smoke, and fumes of hydrochlorie
gas.

The nature of this substance is shown by the following circumstances.
When its vapour is exposed to a red heat, evolution of chlorine gas ensues,
and charcoul is deposited. A similar deposition of chareoal is produced by
hﬂltlllg: it with phosphorus, iron, or tin; and a chloride is formed at the
same time. Potassiom burns vividly in its vapour with formation of chlo-
ride of potassium and separation of charcoal. On detonating a mixture of
its vapour with oxygen gas over mercury, a chloride of that metal and car-
bonic acid are generated. By these means Messrs. Phillips and Faraday
ascertained its composition as given at page 212. (An. of Phil. xviii. 150,)

Dichloride of Sulphur—This compound was discovered in the year 1804
by Dr. Thomson,* and was afterwards examined by Berthollet.t It is
most conveniently prepared by passing a current of chlorine gas over flowers
of sulphur gently heated, until nearly all the sulphur disappears. Direct
combination ensues, and the product, distilled off from uncombined sulphur,
is obtained under the form of a liquid which appears red by reflected, and
)};ﬁ]lﬂwish-gwﬂn by transmitted light. Its density is 1.687. It is volatile

low 2002, boils at 2809, yielding vapour which has a density of 4.70, aﬂ;ﬂ-
condenses again without change in cooling. When exposed to the air it
emits acrid fumes, which irritate the eyes powerfully, and have an odour
somewhat resembling sea-weed, but much stronger. Dry litmus paper 18
not reddened by it, nor does it unite with alkalies. It acts with energy on
water:—mutual decomposition ensues, with formation of hydrochloric and
hyposulphurous acids, and deposite of sulphur, by which the water is ren-
dered cloudy. From a recent analysis by Rose it consists of 35.42 parts or
one equivalent of chlorine, and 322 parts or two eq. of sulphur. (Pog.
Annalen xxi. 431.)

Rose maintains that the preceding is the only chloride of sulphur, arguing
that the chloride analyzed by Davy was merely dichloride of sulphur hold-
ing chlorine in solution. Dumas, on the other hand, contends, that when
sulphur is acted on by excess of chlorine, a chloride of sulphur is really
obtained, which is apt to retain traces of the dichloride, and can only be
purified by repeated distillation at about 140° F. This chloride is a liquid
of a deep reddish-brown tint, and has a density of 1.62. It boils at 1479,
and the density of its vapour is between 3.67 and 3.70. By decomposition
in water, it should yield hydrochloric and hyposulphurous acids. (An. de Ch.
et de Ph. xlix. 205.) :

Perchloride of Phosphorus—There are two definite compounds of chlo-
rine and phosphorus, the nature of which was first satisfactorily explained
by Davy. (Elements, p. 290.; When phosphorus is introduced into a jar of
dry chlorine, it inflames, and on the inside of the vessel a white malter col-
lects, which is perchloride of phosphorus. It is very volatile, a temperature
much below 212° being sufficient to convert it into vapour. Under pressure
it may be fused, and it yields transparent prismatic crystals in cooling.

Water and perehloride of phosphorus mutually decompose each other;
and the sole products are hydrochloric and phosphoric acids. Now in order
that these products should be formed, consistently with the constitution of
phospheric acid, as stated at page 200, the perchloride must consist of 31.4
parts or two equivalents of phosphorus, and 177.1 parts or five eq. of chlo-
rine. One equivalent of the chloride and five eq. of water will then mutu-
ally decompose each other without any element being in excess, and yield
one eq. of phosphoric, and five eq. of hydrochloric acid. This proportion !-ﬂ
not far from the truth; for according to Davy, one grain of phosphorus is
united in the perchloride with six of chlorine.

* Nicholson’s Journal vol. vi. + Mémoires d*Arcueil, vol, i,
19*






CHLORINE. | 223

united with water as a hydrate of unknown composition, and also contains
traces of undecomposed alcohol and hydrochloric acid. On agitation with
strong sulphuric acid, it is rendered anhydrous, and rises as a liquid to the
surface; and by distillation from unslaked lime or baryta, it is entirely sepa-
rated from hydrochloric acid.

Pure chloral is a colourless transparent liquid of a penetrating pungent
odour, is oily to the touch, and has a density of 1.502. It is nearly tasteless,
or at most oily. It boils at 2019, and may be distilled without change. In
water, with the aid of gentle heat, it is freely dissolved without decomposi-
tion. Agitated with a few drops of water, it forms a white erystalline mass
which appears to be a hydrate, though its ecomposition is unknown; for
when put into water, the chloral appears oily as usual, and by heat a solu-
tion having the characteristic odour and character of chloral is obtained.
On keeping this crystalline hydrate for a few days, it becomes a very white
flocculent matter, which is quite insoluble in water. From the ratio of its
ingredients Liebig regards it also as a hydrate, formed of two equivalents of
water to one of chloral. .

Chloral unites with iodine, bromine, and sulphur. It may be distilled from
the anhydrous metallic oxides without change; but when its vapour is
transmitted over anhydrous baryta, strontia, or lime, heated to 2129, instant
decomposition ensues and the earth becomes incandescent. Carbonic oxide
gas escapes at the same time, and a metallic chloride, intermixed with a
light charcoal, is generated. Similar products are obtained, but of course
more charcoal, when the vapour of chloral is transmitted over iron or cop-
per at a red heat. Chloral is readily decomposed by the alkalies or alkaline
earths in the state of hydrates or when dissolved in water, giving rise to a
chloride of carbon, as n{rend_',r described. {An. de. Ch. et de Ph. xlix. 146.)

Terchloride of Boron—Sir H. Davy noticed that recently prepared boren
takes fire spontaneously in an atmosphere of chlorine, and emits a vivid
light ; but he did not examine the product. Berzelius remarked, that if the
boron has been previously heated, whereby it is rendered more compact, the
combustion does not take place till heat is applied. This observation led him
to expose boron, thus rendered dense, in a glass tube to a current of dry
chlorine; and to heat it gently as soon as the atmospheric air was com-
pletely expelled, in order to commence the combustion. The resulting com.-
pound proved to be a colourless gas; and on collecting it over mercury,
which absorbed free chlorine, he procured the chloride of boron in a state of
purity. This gas is rapidly absorbed by water; but double decomposition
takes place at the same instant, giving rise to hydrochloric and boracic
acids as the sole products : from this fact is inferred the composition of the
chloride as stated at page 212 ; for one eq. of terchloride of boron or E4-3Cl,
and three eq. of water or 3 (H 4-0), correspond to one eq. of boracic acid or
B 430, and three eq. of hydrochloric acid or 3(H4-ClI). The watery va-
pour of the atmosphere occasions a similar change ; so that when the gas is
mixed with air containing hygrometric moisture, a dense white cloud 1s
produced. The specific gravity of the gas, according to Dumas, is 3.942, It
is soluble in aleohol, and communicates to it an ethereal odour, apparently
by the action of hydrochloric acid. It unites with ammoniacal gas, forming
a fluid volatile substance, the nature of which is unknown.—(Annals of
Phil. xxvi. 120.) .

Dumas finds that chloride of boron may be generated by the action of
dry chlorine on a mixture of charcoal and boracic acid, heated to redness
in'a porcelain tube. Despretz also appears to have invented a similar pro-
cess. (Philos. Magazine and Annals, i. 469.) :

Chloro-nitrous Gas.—When fused chloride of sodium, potassium, or cal.
cium, in powder, is treated with as much strong nitric acid as is sufficient
to wet it, mutual decomposition ensues, and a new gas, composed of chlo-
rine and binoxide of nitrogen, is generated. Its discoverer, Mr. E. ]?“.{’ de-
scribes it as a gas of a pale reddish-yellow colour, of an odour similar to
that of chlorine, though less pungent, and possessed of bleaching properties.
















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































