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PREFACE.

AT the present time, when there is so much difference of opinion as
to the clearest mode of representing the constitution of chemical
compounds and the changes in which they are involved, the author
of a work on Chemistry is placed in a difficult position. Fully
realising this, I should scarcely have ventured to undertake the
task, but for the circumstance that, a third edition of “ Abel and
Bloxam’s Handbook of Chemistry” being required, and my valued
coadjutor not having leisure to devote to its preparation, it seemed
to me a favourable opportunity for re-writing the handbook in such
a form as to render it more useful to the general student.

The present work, therefore, is designed to give a clear and simple
description of the elements and their principal compounds, and of
the chemical principles involved in some of the most important
branches of manufacture. Keeping this in view, I have employed
as few technical terms as possible, especially at the commencement,
so that the student may glide into Chemistry without having first to
toil through a difficult chapter on the terminology of the science,
which he can never appreciate until he has become acquainted with
the examples which serve to illustrate its application.

Convinced, by experience, of the great assistance afforded to the
learner by referring him to a simple illustrative experiment, I have
introduced, generally in smaller type, a description, and in most
cases a wood-engraving,* of the experiments which I have found
most useful in illustrating lectures, hoping that these may prove of

® These were drawn by Mr Collings and engraved by Mr Hart, to whom I feel much
indebted for their patient endeavours to rep t faithfully the various forms of apparatus.
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service in fixing the attention of the student, and may assist those
who are desirous of performing such experiments for their own
instruction, or for that of a class.

In explaining chemical changes by equations, I have, as a general
rule, employed symbols representing combining weights (or equi-
valents), and not atoms, of the elements. Had the work been in-
tended for advanced students, I should have hesitated to incur the
reproach of obstinate conservatism, or of being behind the chemical
spirit of the time, though even then, which of the more advanced
systems was to be adopted would have been a very formidable
question, for at present the different modes of representing chemical
changes are almost as numerous as chemical writers.

‘When the atomic or molecular system of notation affords a clearer
explanation, I have endeavoured to give the student the benefit of
it, and this of course occurs most frequently in the department of
Organic Chemistry, where the elements concerned in the formation
of compounds are few, and atomic constitution becomes of greater
importance. In such cases I have represented the atoms of elements
by the barred symbols (6, €, &c.), and have adopted essentially the
same atomic and molecular formula: as have been employed by my
colleague, Professor Miller, in the later editions of his “ Elements of
Chemistry.”* .

In general, English weights and measures, and Fahrenheit ther-
mometric degrees, have been employed, as conveying more clearly
to the beginner the absolute values expressed, since the mental
effort of converting what must still be called the continental
systems, slight though it be, might have the effect of diverting the
attention of the reader from the chemical question under considera-
tion. The various calculations have been conducted in the simplest
arithmetical form, because the more compendious algebraical expres-
sions are not so generally intelligible, and when the principle is
once understood, a general algebraical formula for the calculation
is easily constructed by the learner.

The special attention devoted to Metallurgy and some other

® ] must confess myself under heavy obligation to Dr Miller's splendid volume on
Organic Chemistry, the luminous summaries which it contains having frequently spared me
the trouble of referring to the original memoirs.
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branches of Applied Chemistry, will render the work useful to those
who are being educated for employment in manufacture.

The military student will find more than the usual space allotted
to the chemistry of the various substances employed in warlike
stores. '

In fine, it has been my endeavour to produce a Treatise on
Chemistry sufficiently comprehensive for those studying the science
as a branch of general education, and one which a student may
peruse with advantage before commencing his chemical studies at
one of the colleges or medical schools, where he will abandon it for
the more advanced work placed in his hands by the professor. I
am not without hope that this book may also be found useful in
enabling the student who has acquired his knowledge of Chemistry
with the help of the older system of notation in equivalents, to pass,
should he deem it advisable, by an easy transition, into the use of

atomic symbols and unitary formule.
C. L B

WooLwicH, January 1867.

*.* In the following pages, the smaller type contains not only
the descriptions of experiments, but all such matter as would be of
less importance to a student desiring only a general knowledge of
the subject without going into details.
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INTRODUCTION.

1. CrEMISTRY describes the properties of the different particles of which
all kinds of matter are composed, and teaches the laws which regulate
their union with, or separation from, each other.

Matter is anything which possesses weight. Matter is chemically
divided into two great classes—elements and compounds.

An EurMENT is that which has not been found divisible into more than
one kind of matter.

A CouPoUND consists of two or more elements held together by chemi-
cal attraction.

CHEMICAL ATTRACTION i the force which causes different Kinds of
matter to unite, in order to form a new kind of matter.

Chemical Cumbination is the operation of chemical attraction.

Chemical Decomposition is the separation of two or more kinds of
matter previously held together by chemical attraction.

2. The elements known at present are sixty-four in number, and are
divided into metallic and non-metallic elements,

The Non-Metallic Elements are (15)

| Oxygen. Sulphur Fluorine. !
Hydrogen. Selenium. Chlorine. i
Nitrogen. Tellurium. Bromine.

i Carbon. Phosphorus. Iodine.
Boron. Arsenic.*

| Silicon.

The Metals are (49)

. Ceesium. Aluminum. Zine. Copper. Mercury.
| Rubidium. Glucinum. Nickel. Bismuth. Silver. 1
Potassium. Zirconium. Cobalt. Lead. Gold.
! Sodinm. Thorinum. Iron. Thallium. Platinum.
i Lithium. Yttrium. Manganese. Tin Palladium.
! Barium Erbium. Chromium. Titanium Rhodium. |
| Strontiom Terbium. Cadmium. Tantalum Ruthenium.
: : Cerium. Uranjum. . Osmiurn.
i Caleium. Lanth ; Molybendum. Iridi
~ Magnesium. anthanum. | Indium. Tungsten. ridium.
D)vdggmum. Vanadiam.
! Niobium. Antimony.

The strict definition of a metal will be given hereafter.

l{any of these elements are so rarely met with, that they have not
English chemical works arsenic is classed among the netals, which it resembles

L properties,

h-- of
A
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2 INTRODUCTION.

received any useful application, and are interesting only to the profes.
sional chemist. This is the case with selenium and tellurium, among the
non-metallic elements, and with a large number of the metals.

The following list includes those elements with which it is important
that the general student should become familiar, together with the
symbolic letters by which it is customary to represent them, for the sake of
brevity, in chemical writings.

Non-Metallic Elements of practical importance (13).

Oxyg,;en. 0 Sulphur, S Fluorine, g

Hydrogen, H Chlorine, 1

Nitrogen, N . K];o:g}:corus, Ks Bromine, Br

Carbon, C ' Iodine, 1

Boron, B

Silicon, i

Metallic Elements of practical importance (26).

Potassium, K (Kalium.) Cadmium, Cd i

Sodium, Na (Natrium.) Uranium, U

Barium, Ba Copper. Cu (Cuprum.)

Strontium, Sr Bismuth, Bi

Cnlcium_, Ca Lead, Pb (Plumbum.)

Maguesium, Mg Tin, Sn (Stannum.) 1

Aluminum, Al Titanium, Ti |

Zine, Zn Tungsten, W (Wolframium.) i
' Nickel, Ni Antimony, Sb (Stibium.) |
| Cobalt, Co Mercury, Hg (Hydrargyrum.)

Iron, Fo (Ferrum.) Silver, Ag (Argentum.)

Manganese, Mn Gold, Au (Aurum.)

Chromium, Cr Platinum, Pt |

The symbols represent definite relative proportions of the elements. to
which they are attached.

The values assigned to the symbols in the following list may be regarded
as representing the relative weights in which they usually enter into che-
mical combination, and may be termed combining weights of the elements.

Hydrogen is taken as the unit, because its combining weight is less
than that of any other known element.

Combining Weights of the practically tmportant Elements.*

Aluminum, Al 187 | Copper, Cu 3818 | Phosphorus, P 810
Antimony, Sb  122:0 | Fluorine, F 190 | Platinum, Pt 986

Arsenic, As 76:0 | Gold, Au 1967 | Potassium, K 39-0
Barium, Ba 685 | Hydrogen, H 1-0 | Silicon, Si 140
Bismuth, Bi 2100 | Iodine, 1 127-0 | Silver, Ag 1080
Boron, B 110 | Ironm, Fe 28:0 | Sodium, Na 230
Bromine, Br 800 | Lead, Pb 1085 | Strontium, Sr 438
Cadmium, Cd 660 | Magnesium, Mg 122 A Sulphur, 8 16:0
Calcium, Ca 200 | Manganese, Mn  27:6 | Tin, Sn 690

Carbon, (o) 6-:0 | Mercury, Hg 1000 | Titanium, Ti 2560
Chlorine, Cl 866 | Nickel, Ni 29'6 | Tungsten, W  92:0
Chromium, Cr 263 | Nitrogen, N 140 | Uranium, U 600
Cobalt, Co 296 | Oxygen, o 80 | Zine, Zn 828

* The combining weights given in this list, though sufficiently correct for all practical
urposes, are not in all cases absolutely exact. The small fractions have been omitted, in
order that the numbers may be more easily retained in the memory.
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Although the 39 elements here enumerated are of practical importance,
many of them derive their importance solely from their having met with
useful applications in the arts. The number of elements known to play
an important part in the chemical changes concerned in the maintenance
of animal and vegetable life is very limited.

Elements concerned in the Chemical Changes taking place in Life.

Non-Metallic. Metallic.
Oxygen. Sulphur. Potassium. Aluminum.
Hydrogen. Sodium.
Nitrogen. Phosphorus. Iron.
Carbon. Calcium. Manganese.
Chlorine. Magnesium.
Silicon. Iodine.

These elements will, of course, possess the greatest importance for those
who study Chemistry as a branch of general education, since a knowledge
of their properties is essential for the explanation of the simplest chemical
changes which are daily witnessed.

The student who takes an interest in the useful arts will also acquaint
himself with the remainder of the 39 elements of practical importance,
whilst the mineralogist and professional chemist must extend his studies
to every known element.

By far the greater proportion of the various materials supplied to us by
animals and vegetables consists of the four elements—oxygen, hydrogen,
nitrogen, and carbon; and if we add to these the two most abundant
elements in the mineral world, silicon and aluminum, we have the six
elements composing the bulk of all matter.

3. Compound substances are commonly classified by the chemist into
Organic and Inorganic compounds; and although it is impossible strictly
to define the limits of each class, the division is a convenient one for the
purposes of study.

Organic substances may be defined as those for which we are indebted
to the operation of animal or vegetable life, such as starch, sugar, &c.

Inorganic substances are obtained from the mineral world without the
intervention of life ; as common salt, alum, &c.

Organic substances always contain carbon, generally also hydrogen and
oxygen, and very frequently nitrogen.

A2



4 PROPERTIES OF OXYGEN.

CHEMISTRY OF THE NON-METALLIC
ELEMENTS,

OXYGEN.

4. Oxygen is the most abundant of the elementary substances. It con-
stitutes about one-fifth (by volume) of atmospheric air, where it is merely
mized, not combined, with the nitrogen, which composes the bulk of the
remainder. Water contains eight-ninths (by weight) of oxygen; whilst
silica and alumina, which compose the greater part of the solid earth (as
far as we know it), contain about half their weight of oxygen.

Before inquiring which of these sources will most conveniently furnish
pure oxygen, it will be desirable for the student to acquire some know-
ledge of the properties of this element, and of the chemical relations
which it bears to other elementary bodies, for without such knowledge it
will be found very difficult to understand the processes by which oxygen
is procured.

5. Physical properties of Oxygen.—From the fact of its occurring in an
uncombined state in the atmosphere, it will be inferred that oxygen is
perfectly invisible, and without odour. It is a permanent gas, having
resisted all attempts to reduce it to a liquid or solid state. Oxygen is a
little more than one-tenth heavier than air, which is expressed in the
statement that its specific gravity is 1:1057.

(Derinition.—The specific gravity of a gas or vapour is its weight as
compared with that of an equal volume of dry and pure air at the same
temperature and pressure.

In certain cases it will be found very convenient to express this defini-
tion in the following terms :—

DEr. The specific gravity of a gas or vapour is the weight of one volume
of that gas or vapour.)

6. Chemical properties of Oxygen.—This element is remarkable for the
wide range of its chemical attraction for other elementary bodies, with all
of which, except one, it is capable of entering into combination. Fluorine
18 the only element which is not known to unite with oxygen.

With nearly all the elements oxygen combines in a direct manner;
that is, without the intervention of any third substance.

There are only seven elements (among those of practical importance)
which do not unite in a direct manner with oxygen, viz., chlorine, bromine,
iodine, fluorine, gold, silver, platinum.



COMBUSTION. 5

(Der.—The compounds of oxygen with other elements are called
Ocxides.)

The act of combination with oxygen, or oxidation, like all other acts of
chemical combination, is attended with the development of heat.* When
the heat thus produced is sufficient to render the particles of matter
luminous, the act of combination is styled combustion.

(Der.— Combustion is chemical combination attended with heat and
light.)

7. Phosphorus, the only non-metal which combines with oxygen at the
ordinary temperature, affords a good illustration of these propositions.
This element, a solid at the ordinary temperature, is preserved in bottles
filled with water, on account of the readiness with which the oxygen of
the air combines with it. If a small piece of phosphorus be dried by
gentle pressure between blotting paper, and exposed to the air, its par-
ticles begin to combine at once with oxygen, and the heat thus developed
slightly raises the temperature of the mass.

Now, heat generally encourages chemical union, so that the effect of
this rise of temperature is to induce a more extensive combination of the
phosphorus with the oxygen, causing a greater development of heat in a
given time, until the temperature is sufficient to render the particles
brilliantly luminous, and a true case of combustion results—the combina-
tion of the phosphorus with oxygen, attended with production of heat
and light.

(Der.—Combustion in air is the chemical combination of the elements
of the combustible with the oxygen of the air, attended with develop-
ment of heat and light.)

If a dry glass (tig. 1) be placed over
the burning phosphorus, the thick
white smoke which proceeds from it
may be collected in the form of snowy
flakes. These flakes are commonly
termed anhydrous phusphoric acid,t
and are composed of one combining
weight of phosphorus (P=31), and
five combining weights of oxygen
(0,=8 x5=40). This would be re- Fi
presented by the formula PO,. ig- 1.

If the white flakes are exposed to the air for a short time they attract
moisture and become little drops, which have a very sour or acid taste.
All substances which have such a taste have been found also to be capable
of changing the blue colour of litmus$ to red, whence the chemist is in
the habit of employing paper dyed with blue litmus for the recognition of
an acid. It must be remembered, however, that there are some acids
which, not being dissolved by water, have neither a sour taste nor the

® Though this heat is not always perceptible by the thermometer or by the senses.
Thus, when chalk is dissolved in an acid, no heat is perceived, because all the heat attend-
ing the union of the lime with the acid is consumed in converting the carbonic acid from
the solid chalk into a gas. To explain the manifestation of heat in the act of chemi-
cal combination falls within the province of the physicist rather than of the chemist.
Modern writers attribute it to the motion of the molecules which compose the combining

t AnAydrvxs, or without water, from av, tive, and vdwp, water.
¢ A oolouring matter prepared from a lichen, Roccella tinctorin; the cause of the
rhange «f onlour will be more eaxily understood hereafter.
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power of reddening litmus, so that, in exact research, another mode of de-
fining the acid character of a substance is employed. Ordinary sand is
known to chemists as silicic acid, but, of course, does not answer to either
of the above tests.

For the exact definition of an acid see page 9.

During the slow combination of phosphorus with the oxygen of the air,
before actual combustion commences, the phosphorus unites with only
three combining weights of oxygen, forming the substance called anhy-
drous phosphorous acid, which has the formula PO,

(DEF.—The endings -ous and -ic distinguish between two acids formed
by oxygen with the same element ; -ous implying the smaller proportion
of oxygen.)

Unless the temperature of the air be rather high, the fragment of
phosphorus will not take fire spontaneously, but its combustion may
always be ensured by exposing a larger gurface to the action of the air.
As a general rule, « fine state of division favours chemical combination,
because the attractive force inducing combination operates only between
substances in actual contact ; and the smaller the size of the particles, the
more completely will this condition be fulfilled.

Thus, if a small fragment of dry phosphorus be placed in a test-tube, and dis-
solved in a little bisulphide of carbon, the solution, when poured upon blotting paper
(fig. 2), will part with the solvent by
evaporation, leaving the phosphorus in a
very finely divided state upon the sar-
face of the paper, where it is so rapidly
acted on by the oxygen of the air that it
bursts spontaneously into a blaze.

Though the light emitted by phos-
phorus burning in air is very bril-
liant, it is greatly increased when
pure oxygen is employed, for since
the nitrogen with which the oxygen in air is mixed takes no part in the
act of combustion, it impedes and moderates the action of the oxygen.
Each volume of the latter gas is mixed, in air, with four volumes of
nitrogen, so that we may suppose five times as many particles of oxygen
to come into contact in a given time with the particles of the phosphorus
immersed in the pure gas, which will account for the great augmentation
of the temperature and light of the burning mass.

Fig. 2.

To demonstrate the brilliant combustion of phosphorus in oxygen, & piece not
larger than a good-sized pea is placed in a little copper or iron ¢up upon an iron
stand (fig. 8), and kindled by being touched
with a hot wire (for even in pure oxygen spon-
taneous combustion cannot be ensured). The
globe, having been previously filled with oxy-
gen, and kept in a plate containing a little
water, is placod over the burning phosphorus.*

Tt will be observed that the same white
clouds of phosphoric acid are formed,
whether phosphorus is burnt in oxygen
or in air, exemplifying the fact that ¢ sud-
stance will combine with the same pro-
portion of oxygen, whether its combustion

Fig. 3. Phosphorus burning in
oxygen.

* This globoe should be of thin, well-anuealed glass, and is sure to be broken if too large
a piece of phosphorus be employed.
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be effected in pure oxygen or in atmospheric air. The apparent increase
of heat is due to the combustion of a greater weight of phosphorus in a
given time. The total heating effect produced by the combustion of a
given weight of phosphorus is the same whether air or pure oxygen be
employed.

8. Sulphur (brimstone) affords an example of a non-metallic elements
which will not enter into combination with oxygen until its temperature
has been raised very considerably. When sulphur is heated in air, it
soon melts, and as soon as its temperature reaches 500° F. it takes fire,
burning with a pale blue flame. If the burning sulphur be plunged into
a jar of oxygen, the blue light will become very brilliant, but the same
act of combination takes place, one combining weight (16 parts) of sulphur
uniting with two combining weights (8 x 2=16) of oxygen to form sul-
phurous acid gas (SO,), which may be recognised in the jar by the well-
known suffocating smell of brimstone matches.

The experiment is most conveniently performed by heating the sulphur
in a deflagrating spoon (A, fig. 4), which is then plunged into the jar of
oxygen, its collar (B) resting upon the
neck of the jar which stands in a plate
containing a little water. The water ab-
sorbs a part of the sulphurous acid gas,
and will be found capable of strongly red-
Jdening litmus paper. It is possible to
produce, though not by simple combustion,
a compound of sulphur with three combin-
ing weights of oxygen (SO, anhydrous
sulphuric acid), showing that a substance
dves not always take up s full shave of :
oxygen when burnt. -

The luminosity of the flame of sulphur - -
is far inferior to that of phosphorus, bo- Fig. 4.—Sulphur burning in oxygen.
cause, in the former case, there are no minute solid particles in the flame
corresponding to those of the phosphoric acid produced in the combus-
tion of phosphorus, and no flame can emit a brilliant light unless it con.
lains solid matter heated to incandescence.

9. Carbon, also a non-metallic element, requires the application of a
higher temperature than sulphur to induce it to enter into direct union
with oxygen ; indeed, perfectly pure carbon appears to require a heat ap-
proaching whiteness to produce this effect. But charcoal (the carbon in
which is associated with not inconsiderable proportions of hydrogen and
oxygen) begins to burn in air at a much lower temperature, and if a piece
of wood charcoal, with a single spot heated to redness, be lowered into a
jar of oxygen, the adjacent particles will soon be raised to the combining
temperature, and the whole mass will glow intensely, each combining
weight (6) of carbon uniting with two combining weights (8 x 2 = 16) of
oxygen to form earbonic acid (CO,) gas, which will redden a piece of
moistened blue litmus paper suspended in the jar, though much more
feebly than either sulphurous or phosphoric acid, because it is a much
weaker acid. It should be remembered that carbon s an essential consti-
tuent of all ordinary fuel, and carbonic acid is always produced by its com-
hustion,

It will be noticed that the combustion of the charcoal is scarcely at-
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tended with flame, and when pure carbon (diamond, for example) is
employed, no flame whatever is produced in its combustion, because car-
bon is not convertible into vapour, and all flame is vapour or gas in the
act of combustion, hence only those substances burn with flame which are
capable of yielding combustible gases or vapours.

10. The three examples of sulphur, phosphorus, and carbon sufficiently
illustrate the tendency of non-metals to form acids by union with oxygen,
which originally led to the adoption of its name derived from é&is acid,
and yewvdw, I produce. Al the mon-metallic elements, except hydrogen
and fluorine, are capable of forming acids by their union with oxygen.

11. The metals, asa class, exhibit a greater disposition to unite directly
with oxygen, though few of them will do so in their ordinary condition
and at the ordinary temperature. Several metals, such as iron and lead,
are superficially oxidised when exposed to air under ordinary conditions,
but this would not be the case unless the air contained water and car-
bonic acid, which favour the oxidation in a very decided manner. Among
the metals which are of importance in practice, five only are oxidised by
exposure to dry air at the ordinary temperature, viz., potassium, sodium,
barium, strontium, and caleium, the attraction of these metals for oxygen
being so powerful that they must be kept under petroleum, or some simi-
lar liquid free from oxygen. On the other hand, three of the common
metals, silver, gold, and platinum, have so little attraction for oxygen that
they cannot be induced to unite with it directly, even at high temperatures.

If a lump of sodium be cut across with a knife, the fresh surfaces will
exhibit a splendid lustre, but will very speedily tarnish by combining
with oxygen from the air, which gives rise to a coating of dxide of sodium
or soda, and this to some extent protects the metal beneath from oxidation.
Even when the attraction of the sodium for oxygen is increased by the
application of heat, it is long before the mass of sodium is oxidised
throughout, unless the temperature be sufficiently high to convert a por-
tion of the sodium into vapour, which bursts through the crust of soda,
and burns with a yellow flame. If the spoon containing the sodium (see
fig. 4) be now plunged into a jar of oxygen, the yellow flame will be far
more brilliant.

One combining weight (23 parts) of sodium here combines with one
combining weight (8) of oxygen to form soda (NaO), which remains in the
spoon in a fused state. When the spoon is cool, it may be placed in
water, which will dissolve the soda, acquiring a peculiar soapy feel and
taste, as well as the property of restoring the blue colour to litmus paper
which has been reddened by an acid. These properties are called alka-
line, apparently because they were known to the early alchemists as being
possessed by the ashes of plants ( potashes) called kali,

(DEF.—A mineral® alkali is a metallic oxide easily soluble in water, and
capable of restoring the blue colour to litmus which has been reddened
by an acid.)

If some diluted sulphuric acid be added drop by drop to a portion of
the solution of soda, it will be found, after a certain quantity has been
added, that the solution no longer feels soapy, and has a saline taste ; if a
piece of reddened litmus paper be wetted with it, the colour will remain
unchanged, and the solution will not redden blue litmus paper. Such a

* There are other alkalies. such as ammonia and the vegetable alkalies, which are not
metallic oxides.
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solution is said to be neutral to test-papers, the alkali and the acid
having neutralised each other.

(DEer.— Neutralisation is the destruction of the characteristic properties
of an acid by an alkali or the converse.)

The liquid now contains a new substance called a salt (the strict defini-
tion of which will be given hereafter), and known as sulphate of soda,
which would be represented in symbols by NaO. SO,.*

Now, it will be remembered that soda (NaO) is composed of 23 parts
by weight of sodium and 8 parts of oxygen; hence 31 parts by weight
would be represented by NaO. And sulphuric acid (SO,) is composed of
16 parts by weight of sulphur, and (8 x 3) 24 parts of oxygen, so that
SO, represents 40 parts by weight, and the combining weights of soda
and (anhydrous) sulphuric acid are respectively 31 and 40.

(RuLe.—The combining weights of compounds are obtained by adding
together the weights represented by their symbols.)

All acids would not have neutralised the properties of the alkali, in
the above experiment, so completely as sulphuric acid ; thus carbonic acid
would never entirely destroy the property of the soda to restore the blue
colour to reddened litmus, although it would very considerably modify
its other properties ; the solution of soda itself is capable of corroding the
skin and textile fabrics, whence its old name of caustic soda, but when
combined with carbonic acid, to form carbonate of soda, it loses these
properties, and becomes what the older chemists called a mild alkali.
Even the weakest acids possess this property of partially neutralising the
alkalies.

(Der.—An acid is a compound body which is capable of neutralising
an alkali, either partly or entirely.)

12. Zinc will serve as an example of a metal which has no disposition
to enter into combination with oxygen at the ordinary temperature,t but
which is induced to unite with it by a very moderate heat. If a little
zinc (spelter) be melted in a ladle or crucible, and stirred about with an
iron rod, it burns with a beautiful greenish flame produced by the union of
the vapour of zinc with the oxygen of the
air. But the combustion is far more bril-
liant if a piece of zinc-foil be made into a
tassel (fig. 5), gently warmed at the end,
dipped into a little flowers of sulphur,
kindled, and let down into a jar of oxy-
gen, when the flame of the burning sul-
phur will ignite the zinc, which burns with
great brilliancy. On withdrawing what
remains of the tassel after the combustion
18 over, it will be found to consist of a
friable} mass, which has a fine yellow
colour while hot, and becomes white as it cools. This is the oxide of
zinc (Zn0), formed by the union of one combining weight (328 parts) of
zinc with one combining weight (8 parts) of oxygen.

The oxide of zinc does not possess the properties of an acid or an alkali,
but belongs to another class of compounds termed dnses, which are not

Fig. 5. —Zinc burning in oxygen.

¢ In expressing by symbols a compound of two or more compounds, they are always
separated ,rom each other by a full stop. ’

+ Unless water and carbonic acid be present, as in common air.

+ Friake, easily crumbled or disintegrated.
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soluble in water as the alkalies are, but, like them, are capable of neu-
tralising, either partly or entirely, the acids. Thus, if the oxide of zinc
were added to diluted sulphuric acid as long as the acid would dissolve it,
the well-known corrosive properties of the acid would be destroyed,
although it would still retain the power of reddening blue litinus, and the
solution would now contain a new substance, or salt, called sulphate of
oxide of zinc* (ZnO . S0,).

(Der.—A4 base is a compound body which is capable of neutralising an
acid, either partly or entirely.)

It will be observed that an alkali is only a particular species of base,
and might be defined as a base which is very soluble in water.

(DEF.—A4 salt is a compound body containing an acid in combination
with a base, or a metal in combination with a salt-radical.t Eramples.—
Nitrate of potash (KO.NO,) composed of (anhydrous) nitric acid (NO,)
and potash (KO). Chloride of sodium (NaCl).)

(Der.—A salt-radical or halogen is a substance which forms an acid
when combined with hydrogen. E.ramples.—Chlorine, which forms
hydrochloric acid (HCI) ; Cyanogen (C,N), which forms hydrocyanic acid
(HC,N).)

13. Iron, in its ordinary form, like zinc, is not oxidised by dry air or
oxygen at the ordinary temperature; but if it be heated even to only
500° F. a film of oxide of iron forms upon its surface, and as the heat is
increased the thickness of the film increases, until eventually it becomes so
thick that it can be detached by hammering the surface, as may be seen
in a smith’s forge. If an iron rod as thick as the little finger be heated
to whiteness at the extremity, and held before the nozzle of a powerful
bellows, it will burn brilliantly, throwing
off sparks and dropping melted oxide of
iron. If a stream of oxygen be substituted
for air, the combustion is of the most bril-
liant description. A watch-spring (iron
combined with about 1 per cent. of carbon)
may be easily made to burn in oxygen by
heating it in a flame till its elasticity is
destroyed, and coiling it into a spiral (A,
fig. 6), one end of which is fixed, by means

e of a cork, in the deflagrating collar B; if

Fig. 6.—Watch-spring burning  the other end be filed thin and clean,

i oxygen. dipped into a little sulphur, kindled, and
immersed in a jar of oxygen (C) standing in a plate of water, the burning
sulphur will raise the iron to the point of combustion, and the spring will
be converted into molten drops of oxide.

The black oxide of iron formed in all these cases is really a combina-
tion of two distinct oxides of iron, one of which contains one combining
weight of iron (28 parts) and one (8 parts) of oxygen, and would be
written FeO, whilst the other contains two combining weights (56) of iron
and three (24) of oxygen, expressed by the formula Fe,0,. To distinguish
them, the former is usually called protoxide of iron (mpéros, first), and the

* For the sake of brevity, it is usual toomit oxide of in designating salts. Thus sulphate
o_fl copper means sulphate of oxide of copper, nitrate of silver means nitrate of oxude of
silver.

t Salts of this description are termed haloid salts, Lecause they belong to the same class
as sea-salt (NaCl), from dAs, the sea.
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latter sesquioxide (in allusion to the ratio of one and a-half to one between
the oxygen and the metal).* The sesquioxide of iron combined with
water constitutes ordinary rust.

The black oxide usually contains one combining weight of each oxide,
so that it would be written FeO.FeO, or Fe,O,. It is powerfully
attracted by the magnet, and is often called magnetic oxide of iron. The
abundant magnetic ore of iron, of which the loadstone is a variety, has a
similar composition.

Iron in a very fine state of division will take fire spontaneously in air
as certainly as phosphorus. Pyrophoric iron can be obtained (by a process
to be described hereafter) as a black powder, which must be preserved in
sealed tubes. When the tube is opened, and its contents thrown into the
air, oxidation takes place, and is attended with a vivid glow. In this
case the red sesquioxide of iron is produced instead of the black oxide.

Both these oxides of iron are capable of neutralising, or partially neu-
tralising, acids, and are therefore basic oxides or bases, like the oxides of
zinc and sodium obtained in previous experiments. So general is the
disposition of metals to form oxides of this class, that it may be regarded
as one of the distinguishing features of a metal, for no non-metal ever
forms a base with oxygen.

(DEF.—A metal is an element capable of forming a baset by combining
with oxygen, or a salt by combining with a salt-radical.)

Many metals are capable also of forming acids with oxygen ; thus, tin
forms stannic acid (SnO,), antimony forms antimonic acid (bb()b), and it
is always found that the acid oxide of a metal contains a larger proportion of
oxygen than any of the other oxides which the metal may happen to form.

14. There is a third class of oxides, termed the ind{fferent oxides, be-
cause they are neither acids nor bases; such oxides may be formed either
by non-metals or metals; thus water (HO), the oxide of hydrogen, is an
indifferent oxide, and the black oxide or binoxide of manganese (MnO,)
is an example of an indifferent metallic oxide. It will be seen hereafter
that the oxides of the non-metals are generally acids, and that when
a metal combines with oxygen in several proportions, the oxides contain-
ing the smallest proportion of oxygen are usually bases, whilst those con-
taining the largest proportion are acids, and the indifferent oxides contain
an intermediate proportion of oxygen. The following list of the oxides of
manganese will exemplify this, and will illustrate the names commonly
bestowed upon oxides in order to indicate the proportion of oxygen which
they contain :—

Protoxide of Manganese, . . MnO, Strong Base.

ggsqul'_?ixide of .. Mn,0y Weak Base.
inoxide, .

Peroxide, } f ., MnO, [Indifferent.

Manganic Acid, . . . . MnOg

Permanganic Acid, . . . Mn0,

15. Preparation of Oxygen.—For almost all the useful arts in which
uncombined oxygen is required, the diluted gas contained in atmospheric

® The terms ferrous and ferric oxide are now very often substituted for protoxide and
sesquioxide of iron.

t The metal tungsten appears at present to be an exception to this rule, no well-
defined basic oxide of this metal being known.

$ A peroxide is the highest oxide which does not possess acid properties.
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air is sufficient, since the nitrogen mixed with it does not interfere with
its action.

From atmospheric air pure oxygen was first obtained by Lavoisier towards
the end of the last century. His process is far too tedious to be employed
as a general method of preparing oxygen, but it affords a very good example
of the relation of heat to chemical attraction. Some mercury was poured
into a glass flask with a long narrow neck, which was placed in a sand-
bath, so that its temperature might be constantly maintained at about
660° F. for several weeks. The mercury boiled, and a portion of it was
converted into vapour, which condensed in the neck of the flask and ran
back again. Eventually the mercury was converted into a red powder,
having combined with the oxygen of the air (or undergone oxidation) to
form the red oxide of mercury. The nitrogen of the air does not enter
into combination with the mercury.

By heating this oxide of mercury to a temperature approaching a red
heat (about 1000° F.) it is decomposed into mercury and oxygen gas
(HgO = Hg+ O).

It is very generally found, as in this instance, that heat of moderate
intensity will favour the operation of chemical attraction, whilst a more
intense heat will annul it.

For the purpose of experimental demonstration, the decomposition of the oxide

of mercury may be conveniently effected in the apparatus represented by fig. 7,
where the oxide is placed in the German glass tube A, and heated by the Bunsen's

Fig. 7.—Preparation of oxygen from oxide of mercury.

gas-burner B, the metallic mercury being condensed in the bend C, and the oxygen
gas collected in the gas cylinder D, filled with water, and standing upon the bee-
hive shelf of the pneumatic trough E. It may be identified by its property of kindling
into flame the spark left at the end of a wooden match. If the heat be continued
for a sufficient length of time, the whole of the oxide of mercury will disappear,
being resolved into its elements. In technical language, the mercury is said to be

reduced.
Upon the first application of heat, the red oxide suffers a physical change, in
consequence of which it becomes black; but its red colour returns again if it be

allowed to cool.

Although processes have lately been devised for obtaining a supply
of unmixed oxygen at a cheap rate from the atmosphere, the demand for
the gas is as yet so small that they have not been carried out on a large
scale.

16. The only other natural source from which it has been found con-
venient to prepare pure oxygen is a black mineral composed of manganese
and oxygen. It is found in some parts of England, but much more
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abundantly in Germany and Spain, whence it is imported for the use of
the bleacher and glass-maker. Its commercial name is manganese, but it
is known to chemists as binoxide of manganese (MnO,), and to minera-
logists by several names designating different varieties. The most signi-
ficant of these names is pyrolusite, referring to the facility with which it
may be decomposed by heat (wup, fire, and Avw, to loosen).

One of the cheapest methods of preparing oxygen consists in heating
small fragments of this black oxide of manganese in an iron retort, placed
in a good fire, the gas being collected in jars filled with water, and stand-
ing upon the shelf of the pneumatic trough, or in a gas-holder or gas-bag,
if larger quantities are required.

The attraction existing between manganese and oxygen is too powerful
to allow the metal to part with the whole of its oxygen when heated, sn
that only one-third of the oxygen is given off in the form of gas, a brown
oxide of manganese being left in the retort.*

17. By far the most convenient source of oxygen, for general use in the
laboratory, is the artificial salt called, cklorate of potash, which is largely
manufactured for fireworks, percusslon- .
cap composition, &e. If a few crystals
of this salt be heated in a test-tube over
a spirit-lamp (fig. 8), it soon melts to a
clear liquid, which presently begins to
boil from the disengagement of bubbles
of oxygen, easily recognised by intro-
ducing a match with a spark at the end
into the upper part of the tube. If the
action of heat be continued until no more
oxygen is given off, the residue in the
tube will be the salt termed chloride of
potassium. i

The chlorate of potash (KO.ClO,) is composed of potash (KO) and
chloric acid (C10;). If the potash were uncombined with chloric acid,
heat would be quite incapable of decomposing it, but chlorine has a more
powerful attraction for potassium than even oxygen has at a high tem-
perature ; and accordingly, when the salt is heated, union takes place
between the potassium and the chlorine, whilst the whole of the oxygen
is expelled in the form of gas, a result expressed by the equation

KO.Clo, = KCl + O,
Chlorate of potash. Chloride of potassium.

To ascertain what quantity of oxygen would be furnished by a given weight of
chlorate of potash, the combining weights must be brought into use. Referring to
the table of combining weights (p. 2), it is found that K = 89, O = 8, and
Cl=85'5; hence the combining weight of chlorate of potash is easily calculated.

One combining weight of potassium, . . 89
. chlorine, . . 356
Six eomblmng weights of oxygen, . . 48

KO0.ClO, = 1226
80 that 122-5 grains of chlorate of potash would yield 48 grains of oxygen.

" * Expressed in the form of an equation: 3Mn0; = Mng Oy + O,
Black oxide of Brown oxide of
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If it be required to kmow what would be the measure or volume of this oxygen
at the ordinary atmospheric temperature (60° F.) and pressure (30 inches barometer),
it must first be known that 31 grains of air under those conditions would occupy
100 cubic inches. Then, knowing (5) the specific gravity of oxygen to be 1-1057,
the proportion—

1 : 1-1067 HH 81 : z
Spec. gr. (or Spec. gr. (or Weight of Weight of
weight of 1 vol.)  weight of 1 vol) 100 cub. in. 100 cub. in.
of alr, of oxygen, of air, of oxgyen,

gives us 84-28 grains for the weight of 100 cub. in. of oxygen.

(RULE.—T0 find the weight of 100 cub. in. of a gas at 60° F. and 30 in. Bar., multiply
its specific gravity by 81).

Then 34-28 : 100 s 48 : 140

‘ Gra. of Oxygen. Cub. In. Gra. of Oxygen. Cub. la.

Hence it is found that 122:6 grains of chlorate of potash would give 140 cub. in.
of oxygen measured at 60° F. and 80 in. Bar.

If one gallon (277-276 cub. in.) of oxygen be required, 242-6 grains of chlorate o1
potash must be used, or rather more than half an ounce.

Since the complete decomposition of the chlorate of potash alone re-
quires a more intense heat than a glass vessel will usually endure, it is
customary in preparing oxygen for chemical purposes to facilitate the
decomposition of the chlorate by mixing it with about one-fifth of its
weight of powdered black oxide of manganese, when the whole of the
oxygen is given off at a comparatively low temperature, though the oxide
of manganese itself suffers no change, and its action has not yet received
any explanation which is quite satisfactory.

Fig. 9 shows a very convenient arrangement for preparing and collecting oxygen
for the purpose of demonstrating its relations to combustion. A is a Florence flask,

Fig. 9. —Preparation of oxygen.

in which the glass tube B is fixed by a perforated cork. C is a tube of vulcanised
india-rubber. The gas-jar is filled with water, and supported upon a bee-hive shelf
made of earthenware. If pint gas-jars be employed, 300 grains of the chlorate of
potash, mixed with 60 grains of binoxide of manganese, will furnish a sufficient
supply of gas for the ordinary experiments. The heat must be moderated according
to the rate at which the gas is evolved, and the tube C must be taken out of the
water before the lamp is removed, or the contraction of the gas in cooling will suck
the water back into the flask. The first jar of gas will contain the air with which
the flask was filled at the commencement of the experiment. The oxygen obtained
will have a slight smell of chlorine.

OZONE.

18. OzoNk is the name given to a substance of the true nature of which there is
still some doubt, as it has never been obtained in a pure state, but which is pretty
generally believed to be oxygen in a peculiar condition, much more disposed to com-
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bine directly with other substances at the ordinary temperature than common
oxygen, and possessed of a peculiar odour, whence it derives its name (Zu», to smell).
Oxygen appears to be capable of assuming this ozonised condition under various
circumstances, the principal of which are, the passage ef silent electric discharges,®
and the contact with substances (such as phosphorus) undergoing slow oxidation in
the presence of water. A minute proportion of the oxygen obtained in the decom-
position of water by the galvanic current also exists in the ozonised condition, as
may be perceived by its odour.

The use of Siemens’ induction tube (fig. 10) affords the readiest method of

Fig. 10.—Tube for ozonising air by induction.

demonstrating the characteristic properties of ozone. - This apparatus consists of a
tube (A) coated internally with tin-foil (or silvered on the inside), and surrounded
with another tube (B) which is coated with tin-foil on the outside. When the inner
and outer coatings are placed in connexion with the wires of an induction coil
by means of the screws (C D), and a stream of air or oxygen is passed through (E)
between the two tubes, a strong odour is perceived at the orifice (F).

One of the best chemical tests for ozone is a damp mixture of starch with iodide
of potassium. 100 grains of starch are well mixed in a mortar with a measured
ounce of cold water, and the mixture is slowly poured into five ounces of boiling
water in a porcelain dish, with occasional stirring. The thin starch-paste thus
obtained is allowed to cool, and a few drops of solution of pure iodide of potassium
are added, the mixture being well stirred with a glass rod. If this mixture be
brushed over strips of white cartridge paper, these will remain unchanged «in
ordinary air; but when they are exposed to ozonised air (such as that which has
passed through the induction tube), they will immediately assume a blue colour.
The ozonised oxygen being more active, or endowed with more powerful chemical
attractions than ordinary oxygen, abstracts the potassium from the iodide of
potassium (K1), and sets free the iodine, which has the specific property of impart-
ing a blue colour to starch. The intensity of the blue tint is proportionate to the
quantity of iodine liberated, and therefore to that of the ozonised oxygen pre-
sent, and hence, by reference to a standard scale of colours previously agreed
upon, the ozone may be expressed in degrees. The result, however, is affected
by so many trifling circumstances, that it is doubtful whether such determina-
tions of the quantity of ozone are to be considered trustworthy. If the ozonised
air issuing from F be passed into a solution of indigo (sulphindigotic acid largely
diluted) the blue colour will soon disappear, since the ozone oxidises the indigo.
and gives rise to products which, in a diluted state, are nearly colourless. Ordi-
pary oxygen is incapable of blesching indigo in this manner. If the ozone is
passed through a tube of vulcanised caoutchouc, this will soon be perforated by
the corrosive effect of the ozone, whilst ordinary oxygen would be without effect
apon it.

plof the ozone from F be made to pass slowly through a glass tube heated in the
centre by a spirit-lamp, it will be found to lose its power of affecting the iodised
starch-paper, the ozone having been reconverted into ordinary oxygen under the
influence of heat. A temperature of 800° F. is sufficient to effect this change. It
has been observed that a given volume of oxygen diminishes when a portion of it is
converted into ozone by the silent electric discharge, and that it regaius its original

* It is the odour of ozone which is perceived in working an ordinary electrical machine.

-
y _E



16 CHEMISTRY OF THE ATMOSPHERE.

volume when the ozone is reconverted by heat, proving that the ozonised form of
oxygen is denser, or occupies less space than the ordinary form.

By placing a freshly-scraped stick of phosphorus (scraped under water to avoid
inflammation) at the bottom of & quart bottle, with enough water to cover half of it,
and loosely covering the bottle with a glass plate, enough ozone may be accumu-
lated in a few minutes to be readily recognised by the odour and the iodised starch.
A plausible explanation of this production of ozone during the slow oxidation of
phosphorus in the presence of water will be found under the head of perozide of
hydrogen.

If a few drops of ether (C;H,O) be poured into a quart beaker (fig. 11), taking
care to avoid the vicinity of a ﬂ“ame, and pieces of iodised starch-paper and blue
litmus paper be suspended upon a glass rod laid
across the mouth of the beaker, they will be found
unaffected by the mixture of ether vapour and
air; but if a hot glass rod be plunged into the
beaker, the heated ether vapour will undergo
oxidation, producing acid vapours, which redden
the blue litmus, whilst the formation of ozone
will be indicated by the blue iodised starch (see
peroride of hydrogen) *

Ozone has attracted much notice, because a
minute proportion of the oxygen in the atmo-
sphere appears sometimes to be present in this
form, and its active properties have naturally led
to the belief that it must exercise some influence
upon the sanitary condition of the air. This idea

Fig. 11 is encouraged by the circumstance that no indica-

T tions of ozone can be perceived in crowded cities,

where there are so many oxidisable substances to consume the active oxygen, whilst

the air in the open country and at the sea-side does give evidence of its presence.

Some chemists assert that their experiments have demonstrated the very important

fact that a portion of the oxygeu developed by growing plants is in the ozonised
form.

The investigations into the true nature of ozone have given rise to interesting
speculations with respect to the molecular constitution of oxygen, which will be
noticed in the article upon peroxide of hydrogen.

.

ATMOSPHERIC AIR.

19. Atmospheric air consists chiefly of a mixture of nitrogen with one-
fifth of its volume of oxygen, and very small proportions of carbonic
acid and ammonia. Vapour of water is of course always present in the
atmosphere in varying proportions. Since the atmosphere is the re-
ceptacle for all gaseous emanations, other substances may be discovered
in it by very minute analysis, but in proportions too small to have
any perceptible influence upon its properties. Thus marsh-gas or light
carburetted hydrogen, sulphuretted hydrogen, and sulphurous acid, can
often be traced in it, the two last especially in or near towns.

Although the proportion of oxygen in the air at a given spot may be
much diminished, and that of carbonic acid increased, by processes of
oxidation (such as respiration and combustion) taking place there, the
operation of wind and of diffusion so rapidly mixes the altered air with
the immensely greater general mass of the atmosphere, that the variations
in the composition of air in different places are very slight. Thus it has
been found that the proportion of oxygen in the air in the centre of
Manchester was, at most, only 0-2 per cent. below the average.

* The oxygen obtained by the action of warm sulphuric acid on binoxide of harinm
resembles ozone in its odour and action on the iodised starch-paper.
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The proportions in which the oxygen and nitrogen are generally pre-
sent in atmospheric air are—

Volumes. Weights.

Nitrogen, . . . . 79-19 76.99

| Oxygen, . . . . 20-81 23-01
i 100-00 100-00

The proportion of aqueous vapour may be stated, on the average, as 14
per cent. by volume, or 087 per cent. by weight of the air. The carbonic
acid may be generally estimated at 0-04 per cent. by volume, or 0-06 per
cent. by weight of the air.

The relative proportions of oxygen and nitrogen in air may be exhibited by sus-
pending a stick of phosphorus upon a wire stand (A, fig. 12) in a measured volume of
air confined over water. The cylinder (B) should
have been previously divided into five equal
spaces by measuring water into it, and each
space marked by a thin line of Brunswick black.
After a few hours, the phosphorus will have
combined with the whole of the oxygen to form
phosphorous acid, which is absorbed by the water,
leaving four of the spaces occupied by nitrogen.

The same result may be arrived at in a much
shorter time by burning the phosphorus in the
confined portion of air.

A fragment of phosphorus, dried by careful
pressure between blotting paper, is placed upon
a convenient stand (A, fig. 138) and covered ~
with a tall jar, having an opening at the top Fig. 12.
for the insertion of a well-fitting stopper . 8-

(which should be greased with a little lard), and divided into seven parts of
equal capacity. The jar should be placed over the stand in such a manner
that the water may occupy the two lowest
spaces into which the jar is divided. The
stopper of the jar is furnished with a hook, to
which a piece of brass chain (B) is attached,
long enough to touch the phosphorus when the
stopper is inserted. The end of this chain is
heated in the flame of a lamp, and the stopper
tightly fixed in its place. On allowing the hot
chain to touch the phosphorus, it bursts into
vivid combustion, filling the jar with thick
white fumes, and covering its sides, for a few
moments, with white flakes of phosphoric acid.
At the commencement of the experiment, the
water in the jar will be depressed, in conse-
quence of the expansion of the air, due to the
heat produced in the burning of the phosphorus,
but, presently, when the combustion begins to Fig. 13
decline, the water again rises, and continnes 8. 19
to do so until it has ascended to the line (C), 80 asto occupy the place of one-fifth of the
air employed in the experiment. The phosphorus will then have ceased to burn, the
white flakes upon the sides of the jar will have acquired the appearance of drops of
moisture, and the fumes will have gradually disappeared, until, in the course of half-
an-hour, the air remaining in the jar will be as clear and transparent as before, the
whole of the phosphoric acid having been absorbed by the water. The jar should
now be sunk in water, so that the latter may attain to the same level without as
within the jar. On removing the stopper, it will be found that the nitrogen in the
jar will no longer support the combustion of a taper.

In the rigidly accurate determination of the relative proportions of oxygen and

B
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nitrogen in the air, it is, of course, necessary to guard against any error arising from
the presence of the water, carbonic acid, and ammonia. With this view, Dumas and
Boussingault, to whom we are chiefly indebted for our exact knowledge of the com-
position of the air, caused it to pass through u series of tubes (A, fig. 14) containing
potash, in order to remove the carbonic acid, then through a second series (B), contain-
ing sulphuric acid, to absorb the ammonia and water; the purified air then passed
through a glass tube (C) filled with bright copper heated to redness in a charcoal
furnace, which removed the whole of the oxygen, and the nitrogen passed into the
large globe (N).

Both the tube (containing the copper) and the globe were carefully exhausted of
air and accurately weighed before the experiment ; on connecting the globe and the
tube with the purifying apparatus, and slowly opening the stop-cocks, the pressure of
the external air caused it to flow through the series of tubes into the globe destined
to receive the nitrogen. When a considerable quantity of air had passed in, the
stop-cocks were again closed, and, after cooling, the weight of the globe was accurately
determined. The difference between this weight and that of the empty globe before
the experiment, gave the weight of the nitrogen which had entered the globe, but
this did not represent the whole of the nitrogen contained in the analysed air, for the

Fig. 14.—Exact analysis of air.

tube containing the copper had, of course, remained full of nitrogen at the close of
the experiment. This tube having been weighed, was attached to the air-pump, the
nitrogen exhausted from it, and the tube again weighed ; the difference between the
two weighings furnished the weight of the nitrogen remaining in the tube, and was
added to the weight of that received in the globe. The oxygen was represented by
the increase in the weight of the exhausted tube containing the copper, which was
partially converted into oxide of copper, by combining with the oxygen of the air
passed through it.
The calculation of the result of the analysis is here exemplified :—

Weight of Grains.

Globe (N) with nitrogen (at the conclusion), . . 8076
Exhausted globe (at the commencement), . . . 8000
Nitrogen received into the globe, . . . 76

Tube (C) with residual nitrogen (at the conclusion), . 2674
Exhausted tube (at the conclusion), . . .. 2678
Nitrogen remaining in the tube, . . . 1

Add nitrogen received into the globe, . . 76

Total nitrogen in the air analysed, . . Yl

Exhausted tube (C) with oxidised copper (at the conclusion), 2578
" " metallic copper (at the commencement), 2650

Oxygen in the air analysed, . . . . . 23

The ratio of the oxygen to the nitrogen, therefore, is that of 28N : 770, or 1N :
8.3470. 100 parts by weight of the air purified from water, carbonic acid, and am-
monis, contain 77 parts of nitrogen and 28 parts of oxygen.

20. The nitrogen remaining after the removal of the oxygen from air in
the above experiments, was so called on account of its presence in nitre
(saltpetre KO.NO,). In physical properties it resembles oxygen, but is
somewhat lighter than that gas, its specific gravity being 0:9713.

This difference in the specific gravities of the two gases is well exhibited by

the arrangement shown in fig. 16. A jar of oxygen (0) is closed with a glass
plate, and placed upon the table. A jar of nitrogen (N), also closed with a glm
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plate, is placed over it, so that the two gases may come in contact when the glass
plates are removed. The nitrogen will float for some seconds above the oxygen,
and if a lighted taper be quickly introduced through
the neck of the upper jar, it will be extinguished in
passing through the nitrogen, and will be rekindled
brilliantly when it reaches the oxygen in the lower jar.

It might at first sight appear surprising that
oxygen and nitrogen, though of different specific
gravities, should exist in uniform proportions in
all parts of the atmosphere, unless in a state of
chemical combination, but an acquaintance with
the property of diffusion (see Hydrogen) pos-
sessed by gases teaches us that gases will mix
with each other in opposition to gravitation, and
when mized will always remain so.

That air is simply a mechanical mixture of its
component gases is amply proved by the circum-
stance that it possesses all the properties which
would be predicted for a mixture of these gases
in such proportions ; whilst the essential feature
of a chemical compound is, that its properties
cannot be foreseen from those of its constituents.

The absence of active chemical properties is a very striking feature of
nitrogen, and admirably adapts it for its function of diluting the oxygen
in the atmosphere. There is no direct test by which nitrogen gas can be
recognised, so that the chemist is obliged to prove that the gas under ex-
amination does not possess the characters of any other gas with which he
i8 acquainted before he can pronounce it to be nitrogen.

- The chemical relations of air to animals and plants will be more appro-
priately discussed hereafter. (See Carbonic Acid, Ammonia.)

Fig. 15.

HYDROGEN.

21. Unlike oxygen, hydrogen is very rarely found uncombined in nature.
In combination it occurs abun-
dantly in water and in all ani-
mal and vegetable substances.
All varicties of fuel contain
hydrogen. It is always pro-
cured from the first of these
sources.

Water is composed of the
two elements, hydrogen and
oxygen, held together by che-
mical attraction. To separate
these elements, that is, to de-
compose or anralyse water, we
have to overcome the chemical
attraction between them, which
may be effected by causing the
patticles of water to transmit ) .
a current of voltaic electricity. Fig. 16.—Electrolysis of water.
An arrangement for decomposing water by the voltaic or galvanic battery
18 represented in fig. 16.

B2
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The glass vessel A contains water, to which a little sulphuric acid has been added to
increaso its power of conducting electricity, for pure water conducts so imperfectly that
it is decomposed with great difficulty. B and C are platinum plates bent into a cylin-
drical form, and attached to stout platinum wires, which are passed through corks in
the lateral necks of the vessel A, and are connected by binding screws with the copper
wires D and E, which proceed from the galvanic battery G. H and O are glass cylin-
ders with brass caps and stop-cocks, and are enlarged into a bell-shape at their lower
ends for the collection of a considerable volume of gas. These cylinders are filled

Fig. 17.

with the acidulated water, by sucking out the air through the opened stop-cocks; on

closing these, the pressure of the air will of course sustain the column of water in

the cylinders. G is a Grove's battery, consisting of five cells or earthenware vessels

(A, fig. 17) filled with diluted sulphuric acid (one measure of oil of vitriol to four of

water). In each of these cells is placed a bent plate of zinc (B), which has been

amalgamated or rubbed with mercury (and diluted sulphuric acid) to protect it from

corrosion by the acid when the battery is

not in use. Within the curved portion of

this plate rests a small flat vessel of un-

glazed earthenware (C), filled with strong

nitric acid, in which is immersed a sheet of

platinum foil (D). The platinum (D) of

each cell is in contact, at its upper edge,

with the zinc (B) in the adjoining cell (fig.

18), 8o that at one end (P, fig. 16) of the

battery there is a free platinum plate, and at

tho other (Z) a free zinc plate. These plates

are connected with the wires D and E by

Fig. 18. means of the copper plates L and K attached

to the ends of the wooden trough in which

the cells aro arranged. The wire D (fig. 16), which is connected with the last zinc

plate of the battery, is often called the * negative pole ;" whilst E, in connexion with
the last platinum plate, is called the * positive pole.”

When the connexion is established by means of the wires D and E with the * de-
composing cell” (A), the * galvanic current” is commonly said to pass along the
wire E to the platinum plate C, through the acidulated water in the decomposing
cell, to the platinum plate B, and thence along the wire D back to the battery.

22. During this “passage of the current” (which is only a figurative mode
of expressing the transfer of the electric influence), the water intervening
between the plates B and C is decomposed, its hydrogen being attracted
to the plate B (negative pole), and the oxygen to the plate C (positive
pole). The gafes can be seen adhering in minute bubbles to the surface
of each plate, and as they increase in size they detach themselves, rising
through the acidulated water in the tubes H and O, in which the two
gases are collected.

Since no transmission of gas is observed between the two plates, it is
evident that the H and O separated at any given moment from each plate
do not result from the decomposition of one particle of water, but from
two particles, as represented in fig. 19, where A ropresents the particles of
water lying between the plates P and Z before the  current” is passed,
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and B the state of the particles when the current has been established.
P is (the positive pole) in connexion with the last platinum plate of the
battery, and Z is (the negative pole) in connexion with the last zinc
plate.

A

L4 P. z P

olo]o]o]ojo]o[o]o =1 [olo]o[o]o[o]o]o]+
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Fig. 19.

The signs + and — made use of in B refer to a common mode of account-
ing for the decomposition of water by the battery, on the supposition that
the oxygen is in a negatively electric condition, and therefore attracted by
the positive pole P; whilst the hydrogen is in a positively electric condi-
tion, and is attracted by the negative pole Z.

The decomposition of compounds by galvanic electricity is termed elec-
trolysis.* When a compound of a metal with a non-metal is decomposed
in this manner, the metal is usually attracted to the (negative) pole in
connexion with the zinc plate of the battery, whilst the non-metal is
attracted to the (positive) pole connected with the platinum plate of the
battery.

Hence the metals are frequently spoken of as electro-positive elements,
and the non-metals as electro-neyative.

23. If the passage of the ¢ current” be interrupted when the tube H has
become full of gas, the tube O will be only half full, since water contains
hydrogen and oxygen in the proportion of tiwo volumes of hydrogen to one
volume of oxygen. When the wider portions of the tubes (fig. 16) are
also filled, the two gases may be distinguished by opening the stop-cocks
in succession, and presenting a burning match. The hydrogen will be
known by its kindling with a slight detonation, and burning with a very
pale flame at the jet ; whilst the oxygen will very much increase the bril-
liancy of the burning match, and if a spark left at the extremity of the
match be presented to the oxygen, the spark will be kindled into a flame.
The oxygen will be found to smell strongly of ozone, and will impart a
deep blue tinge to the iodised starch paper (see Ozone).

Another method of effecting the decomposition of water by electricity
consists in passing a succession of electric sparks through steam. It is
probable that in this case the decomposition is produced rather by the
intense heat of the spark than by its electric influence.

For this purpose, however, the galvanic battery does not suffice, since
no spark can be passed through any appreciable interval between the wires
of the battery, a fact which electricians refer to in the statement that
although the quantity of electricity developed by the galvanic battery is
large, its inlensity is too low to allow it to, discharge itself in sparks like
the electricity from the machine or from the induction-coil, which pos-
scsses a very high intensity, though its quantity is small.

24. The most convenient instrument for producing a succession of elec-

* “HAexcrpov (amber—root of electricity); Aiew, to loosen.

+ That a very intense heat is capable of decomposing water into its elements has long
been known.er‘fhen globules of melted platinum are dropped into water, bubbles of
bydrogen and oxygen are disengaged.

-
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tric sparks is the induction-coil, by the aid of which the electric influence
of even a single cell of the galvanic battery may be so accumulated as to
become capable of discharging itself in sparks, such as are obtained from
the electrical machine.*

Fig. 20 represcnts the arrangement for exhibiting the decomposition of steam by
the electric spark. .

A is o half-pint flask furnished with a cork in which three holes are bored ; in one
of these is inserted the bent glass tube B, which dips beneath the surface of the water
in the trough C.

Fig. 20. --Decomposition of steam by electric sparks.

D and E are glass tubes, in each of which a platinum wire has been sealed so as
to project about an inch at both ends of the tube. These tubes are thrust through
the holes in the cork, and the wires projecting inside the flask are made to approach
to within about yy inch, so that the spark may pass easily between them.

The flask is somewhat more than half filled with water, the cork inserted, and the
tube B allowed to dip beneath the water in the trough ; the wires in D and E being
connected with the thin copper wires passing from the induction-coil F, which is
connected by stout copper wires with the small battery G.

The water in the flask is boiled for about fifteen minutes, until all the air con-
tained in the flask has been displaced by steam. When this is the case, it will be
found that if a glass test-tube (H) filled with water be invertedt over the orifice of
the tube B, the bubbles of steam will entirely condense, with the usual sharp rattling
sound, and only insignificant bubbles of air will rise to the top of the test-tube. If
now, whilst the boiling is still continued, the handle of the coil (F) be turned so
as to cause a succession of sparks to pass through the steam in the flask, large
bubbles of incondensable gas will accumulate in the tube H. This gas consists of
the hydrogen and oxygen gases in a mized state, having been released from their
combined condition in water by the action of the electric sparks. The gas may be
tested by closing the mouth of the tube H with the thumb, raising it to an upright
position, and applying a lighted match, when a sharp detonation will indicate the
recombination of the gases. }

26. In the preceding experiments, the force of chemical attraction
holding the particles of oxygen and hydrogen together in the form of
water, has been overcome by the physical forces of heat and electricity.
But water may be more casily decomposed by acting upon it with some
element which has a sufficiently powerful chemical attraction for the oxygen
of water to draw it away from ‘the hydrogen.

;3 F2‘or a description of the induction-coil, see Miller’s * Elements of Chemistry,” Part I.

p. 532.
1 The end of the tube B should be bent upwards and thrust into a perforated cork with
notches cut down the sides. By slipping this cork into the neck of the test-tube, the latter
will be held firmly.
3 ‘:;ith a powerful coil, a cubic inch of explosive gas may be collected in about fifteen
minutes.
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No non-metallic element is capable of abstracting the oxygen from water
at the ordinary temperature.

Among the practically important metals, the five which have been
mentioned as undergoing oxidation in dry air at the ordinary temperature,
effect the immediate decomposition of water.

Metals which decompose water at the ordinary temperature.—Potassium,
Sodium, Barium, Strontium, Calcium.

‘When a piece of potassium is thrown upon water it takes fire and burns
with a fine violet flame, floating about as a melted globule upon the surface
of the water, combining with the oxygen, and producing, in the act of
combination, enough heat to kindle the hydrogen as it escapes. The
violet colour of the flame is due to the presence of a little potassium in
the form of vapour. The water will be found to change red litmus paper
to blue, from the presence of the alkali potash (KO) formed by the com-
bination of the potassium with the oxygen. The decomposition of the
water is expressed by the equation

HO + K = KO + H
Water. Potash.

from which we learn that one combining weight (39 parts) of potassium
has been substituted for one combining weight (1 part) of hydrogen. 39
parts by weight of potassium, therefore, have the same power as 1 part of
hydrogen, to combine with 8 parts (one combining weight) of oxygen. It
is found that whenever potassium takes the place of hydrogen in a com-
pound, 39 parts of the former are exchanged for one of the latter, and this
is generally expressed by stating that 39 is the chemical equivalent of
potassium.

(Der.—The chemical equivalent of a metal expresses the weight which
is required to be substituted for one part by weight of hydrogen in its
compounds.)

The action of potassium upon water is an example of the production of
compounds by substitution of one element for another, a mode of forma-
tion which is far more common than the production of compounds by
direct combination of their elements.

Sodium has a less powerful attraction for oxygen than potassium, and
does not usually take fire when thrown into cold water, although it is at
once fused by the heat evolved in its combination. with the oxygen. By
holding a lighted match over the globule as it swims upon the water, the
hydrogen may be kindled, when
its flame is bright yellow from the
presence of the sodium. The solu-
tion will be found strongly alkaline
from the soda produced. By plac-
ing the sodiumon a pieceof blotting
paper laid on the water, it may be
made to ignite the hydrogen spon-
taneously, because the paper keeps
it stationary, and prevents it from
beingso rapidly cooled by the water.
Several cubic inches of hydrogen
may easily be collected by placing
a piece of sodium as large as a bean
in a small wire-gauze box (A, fig. 21), and holding it under an inverted
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cylinder (B) filled with water and standing upon a bee-hive shelf. The
equation representing the action of sodium upon water,

HO + Na = NaO + H

Water. Soda.
shows that one combining weight (23 parts) of sodium is substituted for
one combining weight (1 part) of hydrogen, and, in accordance with the
definition above given, 23 is the chemical equivalent of sodium.

Barium, strontium, and calcium decompose water less rapidly than
potassium and sodium ; the results of their action upon water are, respec-
tively, baryta (BaO), strontia (SrO), and lime (CaO). These substances
have strongly alkaline characters, but as they are far less soluble in water
than potash and soda, they have been distinguished as alkaline earths.

The tendency of heat to produce the union of metals with oxygen being
kmown, it might be expected that metals which refuse to decompose water
at the ordinary temperature, would be induced to do so if the temperature
were raised, and accordingly magnesium and manganese, which are without
action upon cold water, decompose it at the boiling point, disengaging
hydrogen, and producing magnesia (MgO, a feebly alkaline earth) and
oxide of manganese (MnO).

But the greater number of the common metals must be raised to a much
higher temperature than this in order to enable them to decompose water.
The following metals will abstract the oxygen from water at high tem-
peratures, those at the commencement of the list requiring to be heated to
redness (about 1000° F.), and the temperature required progressively in-
creasing, until it attains whiteness for those at the end of the list.

Metals which decompose water at a temperature above a red heat.—
Zinc, Iron, Chromium, Cobalt, Nickel, Tin, Antimony, Aluminum, Lead,
Bismuth, Copper.

The noble metals, as they are called, which exhibit no tendency to
oxidise in air, are incapable of removing the oxygen from water, even at
high temperatures.

Metals which are incapable of decomposing water.—Mercury, Silver,
Gold, Platinum.

Fig. 22.—Preparation of hydrogen from steam.

26.  Preparation of hydrogen.—The simplest process, chemically
speaking, for preparing hydrogen in quantity, consists in passing steam
over red-hot iron. An iron tube (4, fig. 22) is filled with iron nails and
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fixed across a furnace (B), in which it is heated to redness by a charcoal
fire. A current of steam is then passed through it by boiling the water in
the flask (C), which is connected with the iron tube by a glass tube (D)
and perforated corks. The hydrogen is collected from the glass tube (G)
in cylinders (E) filled with water, and inverted in the trough (F) upon
the bee-hive shelf (H), the first portions being allowed to escape, as con-
taining the air in the apparatus. The iron combines with the oxygen of
the water to form the black oxide of iron (Fe,0,), which will be found in
a crystalline state upon the surface of the metal. The decomposition is
represented by the equation
4HO + Fe, = TFeO, + H,
Water. Black oxide of iron.
from which it would appear that three combining weights (28 x 3 =84
parts) of iron are substituted for four combining weights (4 parts) of
hydrogen ; and according to the definition given above, the chemical
equivalent of iron should be expressed by 21, that being the weight re-
quired to be substituted for 1 part of hydrogen. Since, however, this is
found to be the only case in which iron displaces hydrogen in this pro-
portion, it is better to represent the action of water upon red-hot iron as
taking place in two successive stages, of which the first is represented by
the equation
HO + Fe = FeO + H

Water. Ferrous oxide.
and the second by
HO + 3FO0 = FeO, + H*
Ferrous oxide. Black oxide of fron.

According to the first of these equations, one combining weight (28
parts) of iron is substituted for one combining weight of hydrogen, and,
accordingly, 28 would represent the chemical equivalent of iron.

The process by which hydrogen is most commonly prepared depends
upon the circumstance, that many of those metals which are able to de-
compose water, either at ordinary or elevated temperatures, will also
decompose it in the presence of an acid without the assistance of heat.

Metals which decompose water at the ordinary temperature in the pre-
sence of an acid.—Potassium, Sodium, Barium, Strontium, Calcium, Mag-
nesium, Manganese, Zinc,
Iron, Chromium, Cobalt,
Nickel.

Zinc is the most conve-
nient metal to employ for the
preparation of hydrogen in
thisway. Itisused eitherin
small fragments or cuttings,
or as granulated zinc, pre-
pared by melting it in a ladle
and pouring it from a height
of three or four feet into a
pailful of water. The zinc
is placed in the bottle
(A, fig. 23), covered with ) .
water to the depth of two Fig. 23.—Preparation of hydrogen.

* This view is supported by the fact that FeO (protoxide of iron), when crrepaml by
other processes, is capable of decomposing water in accordance with the second equation.
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or three inches, and diluted sulphuric acid slowly poured in through the
funnel tube (B) until a pretty brisk effervescence is observed. The
hydrogen is unable to escape through the funnel tube, since the end of
it is beneath the surface of the water, but it passes off through the bent
tube (C), and is collected over water as usual, the first portions being
rejected as containing air. The chemical change is expressed in the
equation
HO.80, + Zn = Zn0.80, + H

Sulphuric acid
combined with water.

from which it appears that one combining weight (32'8 parts) of zinc is
substituted for one combining weight (1) of hydrogen, and that 328 re-
presents the chemical equivalent of zinc.*

By evaporating the larger excess of water from the solution left in the
bottle, crystals of sulphate of zinc (white vitriol) may be obtained. It
would not be possible to fulfil the above equation without adding a great
deal more water than is there represented, in order to dissolve the sul-
phate of zinc.

It will be noticed that the liquid becomes very hot during the action
of the acid upon the zinc, the heat’ being produced by the combination
which is taking place. The black flakes which separate during the solu-
tion of the zinc consist of metallic lead, which is always present in the
zinc of commerce, and much accelerates the evolution of hydrogen by
causing galvanic action. Pure zinc placed in contact with diluted sulphuric
acid evolves hydrogen very slowly.

Iron might be used instead of zinc, and the solution when evaporated
would then deposit crystals of green vitriol or copperas (sulphate of iron
FeO. SO,), the action of iron upon water in the presence of sulphuric
acid being represented by the equation

HO.SO, + Fe = Fe0.80, + H

Sulphuric acid
combined with water.

which shows that one combining weight (28) of iron has taken the place
of one combining weight of hydrogen. 28 would then be the chemical
equivalent of iron.

Sulphate of zinc.

Sulphate of iron.

27. Physical properties of hydrogen.—This gas is permanent, invisible,
and inodorous when pure. The hydrogen obtained by the ordinary
methods has a very disagreeable smell, caused by the presence of minute
quantities of compounds of hydrogen with sulphur, arsenic, and carbon;
but the gas prepared with pure zinc and sulphuric acid is quite free from
smell. The most remarkable physical property of hydrogen is its light-
ness. It is the lightest of all kinds of matter. The specific gravity of
hydrogen is 0-0692, so that it is about yi as heavy as air. This lightness
would strongly recommend hydrogen as the unit of comparison for the
specific gravities of gases, and theoretical considerations would compel
the admission of an elementary standard in place of a somewhat variable
mixture like atmospheric air. DBut since the hydrogen required to fill a
pint globe weighs only three quarters of a grain, whilst the same volume

* Many explanations have been offered to account for the circumstance that the Zn will
decompose HO in the presence of S0,, although this latter has no attraction for either of
the elements of the HO. One of the most satisfactory appears to be that which refers the
decomposition to the attraction of the Zn for the grou re*»resented by [080,], which is
greater than the attraction of H for the same group, whiYst the attraction of H for O alone,
at the ordinary temperuture, is greater than that of Zn for O.
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of air weighs ten grains and three quarters, it will be seen that no balance
of even considerable accuracy could be depended upon for the practical
determination of the specific gravities of gases if hydrogen were the
standard employed.

In calculating the weights and volumes of gases, it will be found of great service to
remember that one grain of hydrogen measures 46:73 cub. in. at 60° F. and 30 in. Bar.

The lightness of hydrogen may be demonstrated by many interesting experiments.
Soap bubbles or small balluons (of collodion for example) will ascend very rapidly if
inflated with hydrogen. A light beaker glass may be accurately weighed in a pair
of scales ; it may then be held with its mouth downwards, and hydrogen poured up
into it from another vessel. If it be then replaced upon the scale-pan with its
mouth downwards. it will be found very much lighter than before. Another form
of the experiment is represented in fig. 24, where a light glass shade has been sus-
pended from the balance and counterpoised, the equilibrium being, of course, at once

Fig. 24.

disturbed when hydrogeu is poured up into the shade. 1If a jar full of hydrogen be
held with its mouth downwards, and a piece of smouldering brown paper held under
it, the smoke, which would rise freely in the air, is quite unable to rise through the
hydrogen, and remains at the mouth of the jar.

28. It will be observed, in these experiments, that the gas gradually
falls out of the jar, notwithstanding its lightness, and is replaced by air.
This is accounted for by a physical property belonging to all gases (and
vapours) called diffusibility, which may be defined as the tendency of the
particles of a gas to separate as far as possible from each other. 1If a jar
of hydrogen were placed with its mouth downwards over a jar of air, this
mutual repulsion among the particles of each gas would cause it to diffuse
itself equally throughout both jars, so that, eventually, as much hydrogen
would be found in the lower jar as if it had been completely exhausted of
air before the commencement of the experiment. This is often expressed
by the statement that one gas acts as a vacuum to another, which is true
as far as the ultimate result is concerned, though, of course, the time
occupied by the passage of a gas into a racuum would be far less than
that required for its passage into another gas. Even if the two jars he

~
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connected only by a tube with the narrowest passage possible, the same
result would be arrived at, but after a longer period. If the two gases
were separated by a plate of some material having
no visible passages, such as paper, or plaster of
Paris, a complete interchange would still take
place, and after a time each gas would be found
equally distributed through both jars. By thus
interposing a porous obstacle so as to retard the
diffusion of the gas, the rapidity with which the
particles of gases separate from each other in con-
sequence of this mutual repulsion may be ascer-
tained. The diffusion tube (fig. 25) employed for
this purpose is a glass tube (A) closed at one
end by a plate of plaster of Paris (B). If this
tube be filled with hydrogen,* and its open end
immersed in coloured water, the water will be ob-
served to rise rapidly in the tube, on account of
the rapid escape of the hydrogen through the pores of the plaster. The
external air, of course, passes into the tube through the pores at the same
time, but much less rapidly than the hydrogen passes out, so that the
ascent of the column of water (C) marks the difference between the volume
of hydrogen which passes out, and that of air which passes into the

vy

Fig. 26.—Separation of hydrogen and oxygen by atmolysis.+

tube in a given time, and allows a measurement to be made of the rate of
diffusion ; that is, of the velocity with which the gas issues on account of
the repulsion among its particles, as compared with the velocity with

* This tube must be filled by displacement (see fig. 30), in order not to wet the plaster. A
piece of sheet caoutchouc m? be tied over the plaster of Paris, so that diffusion may not
commence until it is removed.

+ This term has been applied to the separation of gases by diffusion ; druds, vapour—
Avw, to loosen.
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which the air enters, this velocity being always taken as unity.* To deter-
mine the rate of diffusion, it is of course necessary to maintain the water
at the same level within and without the diffusion tube, so as to exclude
the influence of pressure.

Experiment has established the law that
the rates of diffusion of gases are inversely
as the square roots of their specific gravi-
ties ; for example, the specific gravities of
oxygen and hydrogen stand to each other
in the ratio of 16 : 1; the ratio of their
square roots will therefore be 4 : 1, and
their rates of diffusion will be in the in-
verse ratio, or 1 : 4; that is, hydrogen
would escape through minute openings with
four times the velocity of oxygen; and
laboratory experience shows that a cracked
jar, or a bottle with a badly fitting stop-
per, may often be used to retain oxygen,
but not hydrogen. Again, the specific
gravities of air and hydrogen, being respec-
tively 1 and -069, their rates of diffusion

1 .

will be 1 andVWor38, so that in the
experiment with the diffusion tube, 38
cubic inches of hydrogen would pass out,
whilst 1 cubic inch of air passed in ; and
if the influence of pressure be excluded,
2-8 cubic inches of water would enter the
tube.

The great difference in the rates of diffusion
of hydrogen and oxygen may be easily shown
by the arrangement represented in fig. 26. A
is a jar filled with a mixture of two volumes of
oxygen with one volume of hydrogen, communi-
cating through the stop-cock and flexible tube
with the glass tube B, which is fitted through
a perforated cork in the bowl of the common -
tobacco pipe C, the sealing-waxed end of which N
dips under water in the trough D. By opening Fig. 27.
the stop-cock and pressing the jar down in the water, the mixed gases may be forced
rapidly through the pipe, and if a small cylinder (E) be filled with them, the mixture
will be found to detonate violently on the approach of a flame. But if the gas be
made to pass very slowly through the pipe (at the rate of about a cubic inch per
minute), the hydrogen will diffuse through the pores of the pipe so much faster than
the oxygen, that the gas collected in the cylinder will contain so little hydrogen as
to be no longer explosive, and to exhibit the property of oxygen to rekindle a partly
extinguished match.t

Another very striking illustration of the high rate of diffusion of hydrogen is
arranged as represented in fig. 27. A is a cylinder of porous earthenware (such as

@ Air being a mixture of nitrogen and oxygen, its rate of diffusion is intermediate between
the rates of those gasexs ; however, since the proportions of the gases are very nearly con-
stant, no error of any magnitude arises.

t Caoutchouc and varnished silk, being impervious to air, do not permit ordinary diffu-
sion to take place through them. Yet they are capable of transmitting gases by a peculiar
mode of action, which may be compared to their power of transmitting ether and other
liquids capable of wetting them. In this manner oxygen has been found to be transmitted
more rapidly than nitrogen, so that by placing atmospheric air in contact with a film of

-
v
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are employed in galvanic butteries) closed at one end, and furnished at the other
with a perforated bung, through which passes a glass tube B, about three feet long,
and half an inch in diameter. The bung is made air-tight by coating it with seal-
ing wax dissolved in spirit of wine. This tube being supported so that its lower
end dips about an inch below the surface of water, a jar of hydrogen is held over
the porous cylinder, when the self-repulsion of the particles of the gas is mani-
fested by their being forced (not only out of the mouth of the jar G, which is open
at the bottom, but also) through the pores of the earthenware jar, the air from which
is violently driven out, as if by blowing, through the tube, and is seen bubbling up
rapidly through the water. When the air has ceased to bubble out, and a large
volume of hydrogen has entered the porous jar, the bell-jar C is removed, when
the hydrogen escapes so rapidly through the pores, that a column of twenty or
thirty inches of water is drawn rapidly up the tube B. If the greatest height
to which the water ascends be marked, and when it has returned to its former
level, a jar of coal-gas be held over the porous cylinder,
it will be found that the above phenomena are mani-
fested in a much lower degree, showing that coal-gas,
being heavier than hydrogen, does not pass nearly so
Eapidly through the pores of the earthenware as hydrogen
oes.

29. Chemical properties of hydrogen. — The
most conspicuous chemical property of hydrogen
is its disposition to burn in air when raised to
a moderately high temperature, entering into
combination with the oxygen of the air to form
water. The formation of water during the com-
bustion of hydrogen gave rise to its name (vdwp, water).

On introducing a taper into an inverted jar of hydrogen (fig. 28), the flame of the
taper will be extinguished, but the hydrogen will burn with a pale flame at the
mouth of the jar, and the taper may be rekindled at its flame by slowly withdraw-
ing it.

The lightness and combustibility of hydrogen may be illustrated simultaneously
by some interesting experiments. If two equal gas cylinders be filled with hydro-
gen, and held with their mouths respectively upwards and downwards, it will be

Fig. 29. Fig. 30.

caoutchouc, on the other side of which a vacuum is maintained, a gaseous mixture may be
made to pass through the film, containing 416 per cent. by volume of oxygen, instead of
21 per cent., usually present in air. Such a mixture, of course, accelerates combustion in
a very high degree. It aipears to be in consequence of a similar action that hydrogen is

capable of passiug through red-hot platinum and iron tubes.—(Graham, Proc. Roy. Soc.
June 1866.)
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found, on testing each with a taper after the same interval, that the hydrogen has
entirely escaped from the cylinder held with its mouth upwards, whilst the other
still remains nearly filled with the gas.

The hydrogen may be scooped out of the jar A (fig. 29) with the small cylinder
B attached to a handle. On removing B, and applying a taper to it, the gas will
take fire.

A cylinder may be filled with hydrogen by displacement of air (fig. 80), if the
tube from the hydrogen bottle be passed up into it.

If such a dry cylinder of hydrogen be kindled whilst held with its mouth down-
wards, the formation of water during the combustion of the hydrogen will be indi-
cated by the deposition of dew upon the sides of the cylinder.

By softening a piece of glass tube in the flame of a spirit-lamp, drawing it out,
and filing it across in the nar-

. rowest part (fig. 81), a jet can be § R
made from which the hydrogen —————
may be burnt. This jet may
be fitted by a perforated cork to ) ——— —
any common bottle for contain- ]
ing the zinc and sulphuric acid Fig. 31.
(fig. 32).

The hydrogen must be allowed to escapo for some minutes before applying a
light, because it forms an explosive mixture with the air con-
tained in the bottle. This may be proved, without risk, by
placing a little granulated zinc in a soda-water bottle, pour-
ing upon it some diluted sulphuric acid, and quickly insert-
ing a perforated cork, carrying a pieco of glass tube about
three inches long, and one-eighth of an inch wide. If this
tube be immediately applied to a flame, the mixture of air
and hydrogen will explode, and the cork and tube will be
projected to a considerable distance.

By inverting a small test-tube over the jet in fig. 82, a
specimen of the hydrogen may be collected, and may be
kindled, to see if it burns quietly, before lighting the jet. : X

A dry glass, held over the flame, will collect a considerable Soidl
quantity of water, formed by the combustion of the hydrogen. Fig. 32.

The combustion of hydrogen produces a greater heating effect than that
of an equal weight of any other combustible body. It has been deter-
mined that 1 gr. of hydrogen, in the act of combining with 8 grs. of
oxygen, produces enough heat to raise 62,031 grs. of water from 32° F.
to 33° F. (or 34,462 grs. from 0°C. t0 1°C.)

The temperature of the hydrogen flame has been estimated at 5898° F.,
which is higher than that of any other
single flame with which we are ac-
quainted.

Notwithstanding its high temperature,
the flame of hydrogen is almost devoid
of illuminating power, on account of the
absence of solid particles.

30. If a taper be held several inches
above a cylinder of hydrogen, standing
with its mouth upwards, the gas will be
kindled with a loud explosion, because
an explosive mixture of hydrogen and air
is formed in and around the mouth of the
cylinder.

If a stoppered gas jar (fig. 88) be filled with
hydrogen, and supported upon three blocks, it
will be found, if the hydrogen be kindled at the neck of the jar, that it will burn

-
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quietly until air has entered from below in sufficient proportion to form an explosive
mixture, which will then explode with a loud report.

The same experiment may be tried on a smaller scale, with the two-necked copper
vessel (fig. 34), the lower aperture being opened some few
seconds after the hydrogen has been kindled at the upper
one.

The explosion of the mixture of hydrogen and
air is due to the sudden expansion caused by the
heat generated in the combination of the hydrogen
with the oxygen throughout the mixture. After
the explosion of the mixture of hydrogen and air
(oxygen and nitrogen), the substances present are
steam (resulting from the combination of the hydro-
gen and oxygen) and nitrogen, which are expanded
by the heat developed in the combination to a
volume far greater than the vessel can contain, so that a portion of it
issues very suddenly into the air around, the collision with which pro-
duces the report.

If pure oxygen be substituted for air, the explosion will be more violent,
because the mixture is not diluted with the inactive nitrogen. The cal-
culated pressure exerted by the mixture of hydrogen and oxygen, when
exploded, amounts to 26 atmospheres, or 390 lbs. upon the square inch,
whilst the mixture of hydrogen and air is calculated to exert a pressure
of 125 atmospheres, or 187 1bs. per inch.

Fig. 34.

The experiment may be mado safely in a soda-water bottle. The bottle is filled
with water, and inverted with its mouth beneath the surface of the water ; enough
oxygen is then passed up into it to fill one-third of its volume; if the remainder of
the water be then displaced by hydrogen, and the mouth of the bottle be presented
to the flame of a spirit-lamp, a very violent explosion will result, attended with a
vivid blue flash in the bottle. If the mouth of the bottle be presented towards a disc
of paper, previously suspended at a distance of 20 or 80 inches, the paper will be
violently torn to pieces, bearing witness to the concussion between the expanded
steam issuing from the bottle and the external air.

Fig. 35.

If some of the mixture be introduced into a capped jar, provided with a picce of
caoutchouc tubing, and a small glass tube, and pressed down in a trough of water,
sonp-bubbles may be inflated with it, which will as¢ond rapidly in the air, and ex-
plode violently when touched with a flame (fig. 86).
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31. In order to demonstrate the production of water in the explosion, the Caven-
dish eudiometer® (fig. 86) is employed. This is &
strong glass vessel, with a stopper firmly secured by b &
a clamp (A), and provided with two platinum wires S AN P
(P), which pass through the stopper, and approach
very near to each other within the eudiometer, so :
that the electric spark may easily be passed between '
them. By screwing the stop-cock B into the plate of b
an air-pump, the eudiometer may be exhausted. It
is then screwed on to the jar represented in fig. 87, |
which contains a mixture of two measures of hydro- 1
gen with one measure of oxygen, standing over
water. On opening the stop-cocks between the two
vessels the eudiometer becomes filled with the mix-
ture, and the quautity which has entered is indicated
by the rise of the water in the jar. The glass stop- s cx . "
cock C having been closed, to prevent the brasscap .-~ ., £
from being forced off by the explosion, the eudio- = 7<% .
mieter is again screwed on to its foot, and an electric Fig. 36
spark passed between the platinum wires, either 8. <0.
trom a Leyden jar or an induction coil, when the two gases will combine with a
vivid flash of light, attended with a very slight concussion, since there is no col-
lision with the external air. For an instant a
mist is perceived within the eudiometer, which
condenses into fine drops of dew, consisting of
the water formed by the combination of the
gases, which was here induced by the high tem-
perature of the electric spark, as it was in the
former experiment by the high temperature of
the flame. If the gases have been mixed in
the exact proportion of two measures of hydrogen
to one measure of oxygen, the eudiometer will
now be again vacuous, and if it be screwed on to
the capped jar, may be filled a second time with
the mixture, which may be exploded in the same
manner.

The entire disappearance of the gases may be
rendered obvious to the eye by exploding the
mixture over mercury. For this purpose the
wixed gases should be collected from water itself,
which is strongly acidified with sulphuric acid, T
and decomposed in the voltameter (A, fig. 38) Fig. 37.
by the aid of five or six cells of Grove's battery. The voltameter contains two
platinum plates (B), attached to the platinum wires C and D, which are connected
with the opposite poles of the battery. The first few bubbles of the mixture of
hydrogen and oxygen evolved having been allowed to escape, in order to displaco the

A

Fig, 38.—Detonating gas collected from voltameter.

* So named from eldiot, fine or clear, and uérpov, a measure, because an instrument
[ the same principle has been used to determine the degree oe!;!pnrité of the atmosphere.
e particular form of endiometer here described was employed by Cavendish about the
year 1770, for the synthesis of water.
&
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air, the gas may be collected in the small endiometer (E), which has been previously
filled with water. This eudiometer is a cylinder of very thick glass,* closed at one
end, and having two stout platinum wires cemented into holes drilled near the
closed end, the wires approaching sufficiently near to each other to allow the passage
of the electric spark. Having been filled with the mixture of hydrogen and oxygen
from the voltameter, the eudiometer is closed with the finger, and transferred to a
basin containing mercury, where it is pressed firmly down upon a stout cushion of
india-rubber, and the spark passed through the mixed gases, either from the coil or
the Leyden jar. The combustion takes place with violent concussion, but without
noise ; and sinco the eudiometer is vacuous after the gases have combined, the
cushion will be found to be very firmly pressed against its open end. On loosening
the cushion, the mercury will be violently forced up into the cudiometer, which will
be completely filled with it, proving that when an electric spark is passed through
the mixture of two volumes of hydrdgen and one volume of oxygen, no residue of
gas remains.t

32. The knowledge of the volumes in which hydrogen and oxygen
combine, is turned to account in the analysis of gases, to ascertain the
proportion of hydrogen or oxygen contained in them. Suppose, for ex-
ample, it be required to determine the amount of oxygen in a sample of
atmospheric air, the latter is mixed with hydrogen, in more than suffi-
cient quantity to combine with the largest proportion of oxygen which
could be present, and when the combination has been induced by the
electric spark, the volume of gas which has disappeared (2 vols. H + 1
vol. O) has only to be divided by three to give the volume of the
oxygen.

A bent eudiometer (fig. 39) is generally employed for this purpose. Having been
completely filled with water, it is inverted in the trough, and the specimen of air is
introduced (say 0'5 cubic inch). The open limb is then
closed by the thumb, and the eudiometer turned so as to
transfer the air to the closed limb. A stout glass rod is
thrust down the open limb, so as to displace enough water
to equalise the level in both limbs, in order that the
volume of the air may not be diminished by the pressure
of a higher column of water in the open limb. The
volume of the included air having been accurately noted,
the open limb of the tube is again filled up with water,
inverted in the trough, and a quantity of hydrogen intro-
duced, equal to about half the volume of the air. This
having been transferred, as before, to the closed limb, the
i 39 columns of water are again equalised, and the volume of

Sioh F"_ﬂ' diometer. the mixture of uir and hydrogen ascertained. The open

iphon eu *  limb is now firmly closed with the thumb, and the electric
spark passed through the mixture, either from the Leyden jar or the induction coil.
On removing the thumb, after the explosion, the volume of gas in the closed limb
will be found to have diminished very considerably. Enough water is poured into
the open limb to equalise the level, and the volume of gas is observed. If this
volume be subtracted from the volume before explosion, the volume of gas which
has disappeared will be ascertained, and one-third of this will represent the oxygen,
which has condensed with twice its volume of hydrogen into the form of water.
Thus the numbers recorded will be—

&

* The bore of this endiometer should be about half an inch in diameter, and the thick-
ness of its sides about three-eighths of an inch ; its length is 7 inches.

+ This fact may also be demonstrated with the siphon eudiometer, shown in fig. 39, b
confining about a cubic inch of the explosive mixture in the closed limb, over water, an
stopping the oEen limb securely with a cork, so as to leave a space filled with air between
the cork and the water. The eudiometer must be very firmly fixed on a stand, or it will
be broken by the concussion. After it has been proved, it may be held in the hand, as
in the figure. By firing mixtures of hydrogen and oxygen, in different proportions, in the
same mauner, it may be shown that any excess of either gas above the ratio of 2H : 10 will
remain uncombined after the explosion.
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»
(9]

Volume of air analysed, . . . . 0-50 cub. in.
Volume of air mixed with hydrogen, . . 076 .
After explosion, . . . . . 046
Difference, .30
(GHmd30) | "

-80, divided by 8 = ‘10 cub. in. of oxygen.

It is evident that the volume of hydrogen contained in a gas might be
ascertained in a similar manner, by exploding with oxygen, and taking
two-thirds of the gas which had disappeared in the form of water to re-
present the volume of hydrogen.

In exact experiments, a correction would be required for any variation
of the temperature or barometric pressure during the progress of the
analysis.

33. It will have been observed, in the experiment upon the synthesis
of water in the Cavendish eudiometer, that the volume of water obtained
is very small in comparison with that of the gases before combination.
But it is evident that no comparison can, with propriety, be made between
the volume of a compound, in the hqmd or solid state, and that of its
components in the gaseous state, since the particles of the former are
under the influence of the cohesive force from which those of the latter
are free. For the purposes of such a comparison the volume of the com-
pound body must be taken under precisely the same physical conditions
as the volume of its components.

If the mixture of hydrogen and oxygen be measured and exploded at
a temperature above the boiling point of water, it is found that the steam
produced occupies two-thirds of the volume of the mixed gases, measured
at the same temperature and atmospheric pressure. Hence, two volumes
of hydrogen combine with one volume of oxygen to form two volumes of
aqueous vapour, at the same temperature and pressure.

It very frequently happens, as in this instance, that the volume of a
compound gas or vapour is less than the sum of the volumes of its con-
stituent gases.

The relative volumes in which the gases unite could, of course, be in-
ferred from a knowledge of their specific gravities and their combining
weights. For since oxygen (sp. gr. 1:1057) is sixteen times as heavy as
hydrogen (sp. gr. “0692), equal volumes would give us sixteen parts by
weight of the former to one of the latter gas; and we must take twice
the volume of hydrogen in order to obtain the ratio of their combining
weights (8 : 1).

The specific gravity of the vapour of water can also be calculated from
the above dats. Thus—

Specific gravity (or weight of one volume) of hydrogen, 0692
Weight of two volumes of hydrogen, 0-1384
Specific gravity or welght of one volume of

oxygen, . . . 11057

Weight of two volumes of the vapour of water,  1-2441
Dividing this by two, we obtain for the
Weight of one volume, or specific gravity, of
vapour of water, . 0622
which agrees with that obtained by actual welghmg .
¢
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34. The combining volumes of gases and vapours represent the re-
lative volumes occupied by their combining weights. Hence, if one part
by weight of hydrogen be represented as occupying one volume, eight
parts (the combining weight) of oxygen must be represented as occupy-
ing half a volume. In order to avoid the fraction, however, the eight
parts of oxygen may be represented as occupying one volume, so that the one
part of hydrogen will correspond to two volumes,and the statement will be—

Combining volume of Oxygen =1
” » Hydrogen = 2

35. Atomic theory.—In seeking for some explanation of the fact that the
relative proportions by weight and volume in which the elements unite
are fixed and definite, it occurred to Dalton that these elements are really
composed of a collection of indivisible particles or afoms* which pos-
sess a fixed weight for each element. Thus, if the weight of each atom
of hydrogen he taken as= 1, and that of an atom of oxygen as = 8, it would
follow, as a matter of course, that these elements must combine with each
other, and with the other elements, in proportions represented by these
numbers, or by some simple multiples of them, since fractions of atoms
would be inconceivable.

This theory receives very great support from the fact which has been
elicited by experiment, that the combining weights of all the elements
which have been examined in the state of vapour or gas occupy the same
volume as one part by weight of hydrogen, with the exception of oxygen,
sulphur, selenium, phosphorus, arsenic, and tellurium, which occupy half
that volume.

If, therefore, it be further assumed, that the atoms of the different ele-
ments, in the gaseous state, occupy equal volumes, the atomic theory will
afford an adequate explanation of the laws of combination by weight and
volume. But, upon this assumption, the numbers representing the atomic
weights of oxygen and the other exceptions above mentioned would not
be the same as their combining weights (which occupy only half a volume),
but would be twice those weights.t Thus, the atomic weight of oxygen
would be 16, since that number represents a weight of oxygen occupying
the same volume as 1 part by weight of hydrogen, though its equivalent
weight would be 8, which represents the weight of oxygen equal in
chemical value to 1 part of hydrogen.

The formula representing the true atomic constitution of water therefore
would be H;© = 2 volumes of water, where H, represents 2 parts by
weight, or two volumes, or two atoms of hydrogen, and © represents 16
parts, or one volume, or one atom of oxygen. A large number of modern
chemists employ such formule, which represent the number of atoms (or
volumes) of each element contained in the compound, in place of those
expressing merely the number of combining weights or equivalents. The
atomic formule are preferable in speculative chemistry for purposes of
research, but the equivalent formule are more serviceable in the practical
applications of chemistry, and will therefore be more generally adopted in
these pages.

The belief in the existence of atoms is supported by the circumstance,

® "Aropos, indivisible.

t Since an atom ought to be the smallest conceivable particle of matter, thero scems some
incpl}gtnnty in the idea of a combining weight or equivalent representing half the atomic
weight.
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that those weights of the elements which are assumed to represent the
relative weights of their atoms require, in most cases, the same amount of
heat to raise them through an equal number of degrees of temperature ; in
other words, the atomic heats of the elements, like their atomic volumes,
are identical, whilst the amounts of heat required to raise equal weights
(specific heats) of the elements through an equal number of degrees are
expressed by very different numbers.

Thus, if the specific heat of water (or quantity of heat required to raise
one part by weight of water through one degree) be represented by 1, that
of oxygen is 02175, and that of hydrogen just sixteen times as great, or
3-409. Hence, it follows that a given weight of hydrogen in cooling
down through a certain number of degrees, would give out 16 times as
much heat as an equal weight of oxygen would give out, and that the
atom (or one part by weight) of hydrogen is associated with the same
amount of heat as the atom (or sixteen parts by weight) of oxygen ; and
since the specific heat represents the amount of heat associated with one
part by weight of the element, the atomic heat of oxygen will be 16 times
its specific heat (0-217 x 16), or 3-48, which coincides as nearly as can
be expected with the atomic heat of hydrogen (3-409 x 1).

36. It has also been found that the combining weights of all compound
substances which have been examined in the state of gas or vapour occupy
either twice or four times the volume of one combining weight of oxygen.

Hence it appears that—

I. The combining volume of an element in the state of gas or vapour is
either one volume (O, &c.), or two volumes (H, &c.).

II. The combining volume of a compound in the state of gas or vapour
is either two volumes or four volumes.

The adoption of atomic formule (or molecular formule, see binoxide of
hydrogen) in place of equivalent formule, is attended with great advantage
in the study of the combining volumes of gases and vapours, since fhe
atomic symbol for an elementary substance represents one volume of its
gas or vapour, and the molecular formula for a compound substance
represents two volumes of its gas or vapour.

37. The great energy with which hydrogen combines with oxygen is
turned to account for the purpose of producing the highest temperature
which can be obtained by any chemical process.

The oxyhydrogen blowpipe (fig. 40) is an apparatus for burning a jet of hydrogen
mixed with half its volame of oxygen. The gases are supplied from separate gas-
holders (or bags with pressure-boards and weights)
through the tubes H and O, which conduct them
into the brass sphere B. Each of these tubes is
provided with a valve of oiled silk opening out-
wards, s0 a8 to prevent the passage of cither gas
into the receptacle containing the other. The
tube A is stuffed with thin copper wires, which
would rapidly conduct away the heat and extin-
guish the flame of the mixed gases burning at the
jet, should it tend to pass back and ignite the
mixture in B. The stop-cocks D and E allow the
flow of the gases to be regulated so that they may
wix in the right proportions. If the hydrogen be
kindled first, it will be found that, as soon as the
axygen is turned on, the flame is reduced to a very
much smaller volume, because the undiluted oxygen required to maintain it occu-

Fig. 40.—Oxyhydrogen blow pipe.
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pies only one-fifth of the volume of the atmospheric air from which the hydrogen
was at first supplied with oxygen. The heat developed by the combustion being
therefore distributed over a much smaller area, the temperature at any given point
of the flame must be much higher, and very few substances are capable of enduring
it without fusion.* Lime i8 one of these; and if a cylinder of lime be supported,
as at L, fig. 40, in the focus of the flame, its particles become heated to intense
incandescence, and a light is obtained which is visible at night from very great
distances, so as to be well adapted for signalling and lighthouses. For such pur-
poses coal-gas is often used instead of hydrogen (ozycaleium light).

If a shallow cavity be scooped in a lump of quicklime, a few scraps of platinum
placed in it, and exposed to the oxyhydrogen flame (fig. 41), a fused globule of pla-
tinum of very considerable sizo may be obtained in
afew seconds. By employing a little furnace made
of lime, Deville has succeeded in fusing platinum
in quantities sufficient to cast large ingots, a result
unattainable by any other furnace. Pipeclay, which
resists the action of all ordinary furnace-heats, may
be fused into a glass in this flame, whilst gold and
silver are instantaneously melted, and vaporised
into a dense smoke.

38. In its chemical relations to other elements, hydrogen is diametri-
cally opposed to oxygen. Whereas the latter combines directly with the
greater number of the elements, hydrogen will enter into direct combina-
tion with very few; oxygen, chlorine, bromine, carbon, iodine, and sulphur
(the three last with difficulty), are the only elements which unite in a
direct manner with hydrogen, and of these only chlorine and bromine
combine with hydrogen at the ordinary temperature, though not without
exposure to light. Again, whilst fluorine is not known to form any com-
pound with oxygen, its combination with hydrogen (hydrofluoric acid) is
one of the most stable compounds known, and it may be safely asserted
that fluorine in the free state would combine with hydrogen even more
readily than chlorine does. All the metals form compounds with oxygen,
but very few combinations of metals with hydrogen have been obtained.
Indeed, in its relations to other elements, hydrogen closely resembles the
metals, though it does not fall within the definition of a metal given
above, since it does not form a base with oxygen, and its combinations
with the salt-radicals (chlorine, &c.) are acids, and not salts.

WATER.

39. Pure water is not found in nature. Rain is the purest form of
natural water, but contains certain gases which it collects from the atmo-
sphere during its fall. As soon as it reaches the earth, it begins to dissolve
small portions of the various solid materials with which it comes in con-
tact, and thus becomes charged with salts and other substances to an
extent varying, of course, with the nature of the soils and rocks which it
has touched, and attaining its highest point in sea water, which contains
a larger proportion of saline matters than water from any other natural
source. Ice, when melted, affords nearly pure water, since, when water
containing salts is partially frozen, these are left dissolved in the uncon-
gealed water.

If a quantity of rain, spring, river, or seu water be boiled in a flask fur-
nished with a tube also filled with the water, and passing under a gas
cylinder standing in a trough of the same water (fig. 42), it will be found

* The temperature of this flame has been estimated atl above 14,000° F.
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to give off a quantity of gas which was previously held in solution by the
water, and is now set free because gases are less soluble in hot than in. cold
water. The quantity of this
gas will vary according to
the source of the water, but
it will always be found to
contain the gases existing in
atmospheric air, viz., nitro-
gen, oxygen, and carbonic
acid. One gallon of rain
water will generally furnish
about 4 cubic inches of nitro-
gen, 2 cubic inches of oxygen,
and 1 cubic inch of carbonic
acid. It is worthy of remark,
that the nitrogen and oxygen
have been dissolved by the .
water, not in the proportions Fig. 42.

in which they exist in the at-

mosphere (4 N : 1 O), but in the proportions in which they ought
to be dissolved, if it be true that they exist in the air in the condition
of mere mechanical admixture. The oxygen thus carried down from
the air by rain appears to be serviceable in maintaining the respiration
of aquatic animals, and in conferring upon river waters a self-purifying
power, by acting upon certain organic matters which would probably
prove hurtful to animals, and converting them into harmless products of
oxidation. In the cases of rivers contaminated with the sewage of towns,
this action of the dissolved oxygen is probably of great importance. The
carbonic acid dissolved in rain water also probably serves some useful pur-
poses in the chemical economy of nature. (See Carbonic Acid.)

40. The waters of wells, springs, and rivers, and especially those of
the two first-named sources, differ very much from each other, according
to the nature of the layers of rock or earth over or through which they
have passed, and from which they dissolve a great variety of substances,
some of which are familiar to us in daily life, while others are only met
with in chemical collections. Under the former head may be enume-
rated Glauber’s salt (sulphate of soda), common salt (chloride of sodium),
Epeom salt (sulphate of magnesia), gypsum (sulphate of lime), chalk
(carbonate of lime), common magnesia (carbonate of magnesia), carbonic
acid, and silica.

Among the substances known only to the chemist may be mentioned
sulphuretted hydrogen, sulphate of potash, chloride of potassium, chloride
of calcium, chloride of magmesium, phosphate of lime, bromides and
iodides of calcium and magnesium (rarely), alumina (probably sulphate
of alumina), carbonate of iron, and certain vegetable substances.*

The well waters of certain localities (as, for example, those of large
towns) also frequently contain salts of nitric and nitrous acids, and of
ammonia.

The waters of springs and rivers do not differ very materially from

@ Although it is certainly known that the acids and bases capable of forming the xalts
bere enumerated may be detected in spring and river waters, their exact distribution
amongst each other is still a matter of uncertainty.
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well waters as to the nature of the substances which they contain, though,
in the case of river waters more particularly, the quantity of these sub-
stances is materially influenced by the conditions of rapid motion and
exposure to air under which such waters are placed.

Household experience has established a classification of the waters from
natural sources into soft and hard waters—a division which depends
chiefly upon the manner in which they act upon soap. If a piece of
soap be gently rubbed in soft water (rain water, for example) it speedily
furnishes a froth or lather, and its cleansing powers can i
brought into action ; but if a hard water (spring water) be substituted for
rain water, the soap must be rubbed for a much longer time before a
lather can be produced, or its effect in cleansing rendered evident; a
number of white curdy flakes also make their appearance in the hard
water, which were not seen when soft water was used. The explana-
tion of this difference is a purely chemical one.

Soap is formed by the combination of a fatty acid with an alkali; it is
manufactured by boiling oil or fat with potash or soda, the former for
soft, the latter for hard soaps. In the preparation of ordinary hard soap,
the soda takes from the oil or fat two acids, stearic and oleic acids, which
exist in abundance in most varieties of fat, and unites with them to form
soap, which in chemical language would be spoken of as a mixture of
stearate and oleate of soda.

If soap be rubbed in soft water until a little of it has dissolved, and
some Epsom salts (sulphate of magnesia) be dissolved in water, and
poured into the soap water, curdy flakes will be produced, as when soap
is rubbed in hard water, and the soap water will lose its property of
frothing when stirred ; the sulphate of magnesia has decomposed the soap,
the soda contained in the latter has combined with the sulphuric acid
existing in the sulphate of magnesia, to form a sulphate of soda which
remains dissolved in the water, while the magnesia, uniting with the
stearic and oleic acids, produces the insoluble curdy flakes which consist
of stearate and oleate of magnesia.

Similar to the effect of the sulphate of magnesia is that of hard waters ;
their hardness is attributable to the presence of the different salts of lime
and magnésia, all of which decompose the soap in the manner exem-
plified above ; the peculiar properties of the soap in forming a lather and
dissolving grease can, therefore, be manifested only when a sufficient
quantity has been employed to decompose the whole of the salts of lime
and magnesia contained in the quantity of water operated on, and thus
a considerable amount of soap must be rendered useless when hard water
is employed.

On examining the interior of a kettle in which spring, well, or river
water has been boiled, it will be found to be coated more or less thickly
with a fur or incrustation, generally of a brown colour, and the harder
the water, the more speedily will this incrustation be deposited. A
chemical examination shows this deposit to consist chiefly of carbonate of
lime, in the form of minute crystals, which may be discovered by the
microscope ; it usually contains, in addition, some carbonate of magnesia,
sulphate of lime, and small quantities of sesquioxide of iron (rust), and
vegetable matter, the last two substances imparting its brown colour.
In order to explain the formation of this deposit, it is necessary to be-
come acquainted with the particular condition in which the carbonate of
lime exists in natural waters. Carbonate of lime is hardly dissolved to
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any perceptible extent by pure water, though it may be dissolved in con-
siderable quantity by carbonic acid. This statement, which is of great
importance in connexion with natural waters, may be verified in the fol-
lowing manner. A little slaked lime is well shaken up in a bottle of dis-
tilled or rain water, which is afterwards set aside for an hour or two ; as
soon as that portion of the lime which has not been dissolved has sub-
sided, the clear portion is carefully poured into a glass, and a little soda-
water or solution of carbonic acid in water is added to it; the first addi-
tion of the carbonic acid to the lime water causes a milkiness, due to the
formation of minute particles of carbonate of lime, by the union of the
carbonic acid with the lime; this carbonate of lime, being insoluble in
the water, separates from it, or precipitutes, and impairs the transparency
of the liquid ; ‘a further addition of carbonic acid water renders the liquid
again transparent, for the carbonic acid dissolves the carbonate of lime
which has separated, forming, in the opinion of some chemists, a definite
chemical compound, the bicarbonate of lime, which contains twice as
much carbonic acid as the carbonate ; since, however, this bicarbonate of
lime has not been separated from the water in a pure state, it is safer to
regard it merely as a solution of carbonate of lime in free carbonic acid.

If this clear solution be introduced into a flask, and boiled over the
spirit-lamp or gas-flame, it will again become turbid, for the free carbonic
acid will be expelled by the heat, and the carbonate of lime will be de-
posited, not now, however, in so fine a powder as before, but in small
hard grains which have a tendency to fix themselves firmly upon the
sides of the flask, and, when examined by the microscope, are seen to con-
sist of small crystals.

In a similar manner, when natural waters are boiled, the free carbonic
acid which they contain is expelled in the gaseous state, and the carbon-
ates of lime, magnesia, and oxide of iron are precipitated, since they are
insoluble in water which does not contain carbonic acid. But, by the
ebullition of the water, a portion of it has been dissipated in vapour, and
if there be much sulphate of lime present, the quantity of water left may
not be sufficient to retain the whole of that salt in solution ; and this is
the more likely to happen, because sulphate of lime requires about 400
parts of water to dissolve it ;* a quantity of sulphate of lime, then, is
liable to be deposited together with the carbonates of lime, magnesia, and
oxide of iron, and, should the water contain much vegetable matter, this
is also often deposited in an insoluble condition, the whole eventually
forming together a hard compact mass, composed of successive thin layers,
on the bottom and sides of the vessel in which the water has been boiled.
The “furring” of a kettle is objectionable, chiefly in consequence of its
retarding the ebullition of the water, since the deposit is a very bad con-
ductor of heat, and therefore impedes the transmission of heat from the
fire to the water ; hence the common practice of introducing a round stone
or marble into the kettle, in order, by its perpetual rolling, to prevent the
particles of carbonate of lime from forming a compact layer. In steam
boilers, however, even more serious inconvenience than loss of time some-
times arises if this deposit be allowed to accumulate, and to form a
thick layer of badly conducting material on the bottom of the boiler, since

¢ Sulpbate of lime has been found nearly insoluble in water having a higher tempera-
ture than 212° F., as would be the case in boilers worked under pressure, so0 that it would
readily be deporited. It is said that waters containing little or no sulphate of lime yield
a loowe and friable deposit.



42 CALCAREOUS WATERS.

the latter is then liable to become red hot, and should the incrustation
happen to crack, and allow the water to reach the red hot metal, so
violent a disengagement of steam follows, that boilers have been known
to burst under the sudden pressure. But even though this calamity be
escaped, the wear and tear of the boiler is very much increased in conse-
quence of the formation of this deposit, since its hardness often renders
it necessary to detach it with the hammer, much to the injury of the iron
boiler-plates, which are also subject to increased oxidation and corrosion,
in consequence of the high temperature which the incrustation permits
them to attain by preventing their contact with the water. The exigency
of the case has elicited many propositions for the prevention of these in-
crustations ; some substances have been used of which the action appears
to be purely mechanical, in preventing the aggregation of the deposited
particles. Clay, saw-dust, and other matters have been employed with
this view ; but the action of sal-ammoniac, which has also been found
efficacious, must be explained upon purely chemical principles, When
this salt is boiled with carbonate of lime, mutual decomposition ensues,
resulting in the production of chloride of calcium and carbonate of
ammonia, of which salts the former is very soluble in water, while the
latter passes off in vapour with the steam.*

The incrustations formed in cisterns and pipes by hard water are also
produced by the carbonates of lime and magnesia deposited in consequence
of the escape of the free carbonic acid which held them in solution. Many
interesting natural phenomena may be explained upon the same principle.
The so-called petrifying springs, in many cases, owe their remarkable
properties to the considerable quantity of carbonate of lime dissolved in
carbonic acid which they contain; when any object, a basket, for ex-
ample, is repeatedly exposed to the action of these waters, it becomes
coated with a compact
layer of carbonate of lime,
and thus appears to have
suffered conversion into
limestone. The celebrated
waters of the Sprudel at
Carlsbad, of San-Filippo
in Tuscany, and of Saint
Allyre in Auvergne, are
the best instances of this
kind.

The stalactites and sta-
lugmites,t which are form-
ed in certain caverns or
natural grottoes (fig. 43).
afford beautiful examples
of the gradual separation
Fig. 43.—Stalactite Cavern. ?for?:v::mﬁ;;{ vl":t‘f;
carbonic acid. Each drop of water, as it trickles through the roof of the

* Ca0.CO, + NH,.HCl = NH,.HO.CO, + CaCl
Carbonate of lime. Sal i Carb of i Chloride of calcimm.
Solutions of the caustic alkalies, of alkaline carbonates, and arsenites, are also occasion

ally employed to prevent the formation of incrustations in boilers.
+ From era\alw, o drop ; orakayua, a drop.
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cavern, becomes surrounded with a shell of carbonate of lime, the length of
which is prolonged by each drop as it falls, till a stalactite is formed, varying
in colour according to the nature of the substances which are separated
from the water together with the carbonate of lime (such as the oxides of
iron and vegetable matter) ; and as each drop falls from the point of the
stalactite upon the floor of the cavern, it deposits there another shell of
carbonate of lime, which grows, like the upper one, but in the opposite
direction, and forms a stalagmite, thus adorning the grotto with conical
pillars of carbonate of lime, sometimes, as in the case of the oriental
alabaster, variegated with red and yellow, and applicable to ornamental

purposes.

‘When water which has been boiled for some time is compared with
unboiled water from the same source, it will be found to have become
much softer, and this can now be easily explained, for, a considerable
proportion of the salts of lime and magnesia having separated from the
water, the latter is not capable of decomposing so large a quantity of soap.
The amount of hardness which is thus destroyed by boiling is generally
spoken of as temporary hardness, to distinguish it from the permanent
hardness due to the soluble salts of lime and magnesia which still remain
in the boiled water. It is customary with analytical chemists, in report-
ing upon the quality of natural waters, to express the hardness by a cer-
tain number of degrees which indicate the number of grains of chalk or
carbonate of lime which would be dissolved in a gallon of water contain-
ing carbonic acid, in order to render its hardness equal to that of the
water examined, that is, to render it capable of decomposing an equal
quantity of soap. Thus, when a water is spoken of as having 16 degrees
hardness, it is implied that 16 grs. of carbonate of lime dissolved in a
gallon of water, containing carbonic acid, would render that gallon of water
capable of decomposing as much soap as a gallon of the water under
consideration.

The utility of a water for household purposes must be estimated, there-
fore, not merely according to the total number of degrees of hardness
which it exhibits, but also by the proportion of that hardness which may
be regarded as temporary, that is, which disappears when the water is
boiled. Thus the total hardness of the New River water amounts to
nearly 15 degrees, that of the Grand Junction Company to 14 degrees, and
yet these waters are quite applicable to household uses, since their hard-
ness is reduced by boiling to about 5 degrees. It has been ascertained
that every degree of hardness in water gives rise to a waste of about 10
grs. of soap for every gallon of water employed, and hence the use of 100
gallons of Thames or New River water in washing will be attended with
the loss of about 2 1bs. of soap; this loss is reduced, however, to about
one third when the temporary hardness has been destroyed by boiling.
The addition of washing soda (carbonate of soda) removes not only the
temporary, but also the permanent hardness due to the presence of the
sulphates of lime and magnesia in the water, for both these salts are de-
composed by the carhonate of soda, which separates the lime and mag-
nesia as insoluble carbonates, while sulphate of soda remains dissolved in
the water.* The household practice of boiling the water, and adding a
little washing soda, is therefore very efficacious in removing the hard-
uess. Clark's process for softening waters depends upon the neutralisa-

® Ca0.80, + Na0.Co, = Na0.80, + Ca0.CO,
Sulphate of lime. Carbonate of soda. Sulphate of soda. Carbonate of lime.
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tion of the free carbonic acid contained in the water by the addition of a
ceftain quantity of lime; the lime thus added combines with the free
carbonic acid, and the carbonate of lime so produced separates together
with the carbonates of lime and magnesia, which were previously retained
in solution by the free carbonic acid ; this process, therefore, affects chiefly
the temporary hardness ; moreover, the earthy carbonates which are sepa-
rated appear to remove from the water a portion of the vegetable matter
which it contains, and thus effect a very important purification. The
water under treatment is mixed in large tanks, with a due proportion of
lime previously diffused through water (the quantity necessary having
been determined by preliminary experiment), and the mixture allowed to
settle until perfectly clear, when it is drawn off into reservoirs.*

Waters which are turbid from the presence of clay in a state of sus-
pension, are sometimes purified by the addition of a small quantity of
alum or sulphate of alumina, when the alumina is precipitated by the car-
bonate of lime, and carries down with it mechanically the suspended clay,
leaving the water clear.

The organic matter contained in waters may be vegetable matter dis-
solved from the earth, with which it has come in contact, or resulting
from the decomposition of plants, or it may be animal matter derived
either from the animalcules and fish naturally existing in it, or from the
sewage of towns, and, in the case of well waters, from surface drainage.
It is a pretty generally received opinion that such of these organic matters
as are very susceptible of chemical change have an injurious effect upon
the system of persons drinking the water, and it is now usual, in ex-
amining water as to its fitness for consumption, to ascertain how much of
the organic matter is in a changeable condition, by determining with the
aid of a solution of permanganate of potash the amount of oxygen neces-
sary to effect its conversion into more stable forms.

41. One of the most important points to be taken into account in
estimating the qualities of a water is its action upon lead, since this metal
is unfortunately so generally employed for the storage and transmission of
water, and cases frequently occur in which the health has been seriously
injured by repeated small doses of compounds of lead taken in water,
which has been kept in a leaden cistern. If a piece of bright, freshly
scraped lead be exposed to the air, it speedily becomnes tarnished from the
formation of a thin film of the oxide of lead, produced by the action of
the atmospheric oxygen; this oxide of lead is soluble in water to some
extent, and hence, when lead is kept in contact with water, the oxygen
which is dissolved in it acts upon the metal, and the oxide so produced
is dissolved by the water ; but, fortunately, different waters act with very
different degrees of rapidity upon the metal, according to the nature of
the substances which they contain.

The film of oxide which forms upon the surface of the lead is in-
soluble, or nearly so, in water containing much sulphate or carbonate of
lime, so that hard waters may generally be kept without danger in leaden
cisterns ; but soft waters, and those which contain nitrites or nitrates,
should not be drunk after contact with lead. Nearly all waters which
have been stored in leaden cisterns contain a trace of the metal, and since
the action of this poison, in minute doses, upon the system is so gradual

® Thames and New River water are softened, in this way, to 3°5, or to a lower point
than by an hour's boiling.
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that the mischief is often referred to other causes, it is much to be desired
that lead should be discarded altogether for the construction of cisterns.

Mineral waters, as they are popularly called, are simply spring waters
containing so large a quantity of some ingredient as to have a decided
medicinal action. They are differently named according to the nature of
their predominating constituent. Thus, a chalybeate water contains a con-
siderable quantity of a salt of the oxide of iron (usually the carbonate dis-
solved by free carbonic acid) ; an acidulous water is distinguished by a
large proportion of carbonic acid, and is well exemplified in the celebrated
Seltzer water ; a sulphureous or hepatic water has the nauseous odour due
to the presence of sulphuretted hydrogen. The Harrowgate water is emi-
nently sulphureous. Saline waters are such as contain a large quantity of
some salt ; thus the saline springs of Cheltenham are rich in common salt
and sulphate of soda.

The chalybeate waters, which are by no means uncommon, become
brown when exposed to the air, and deposit a rusty sediment which con-
sists of the sesquioxide of iron, formed by the union of the oxygen of the
air with the oxide of iron existing in the carbonate.*

42. Sea water contains the same salts as are found in waters from other
natural sources, but is distinguished by the very large proportion of chlo-
ride of sodium (common salt). A gallon of sea water contains usually
about 2500 grains of saline matter, of which 1890 grains consist of common
salt. The circumstance that clothes wetted with sea water never become
perfectly dry is to be ascribed chiefly to the chloride of magnesium present
in the water, which is distinguished by its tendency to deliquesce or become
damp in moist air. There are two elements, bromine and ‘odine, which
are found combined with metals in appreciable quantity in sea water,
though they are of somewhat rare occurrence in other waters derived from
natural sources.

43. By distillation, pure water may be obtained from most spring and
river waters.
(DEr.— Distil-
lation is the
conversion of a
liquid into a va-

vessel.)

Fig. 44 repre-
sents the ordinary
form of still in com-
mon use, in which
A is a copper boil-
er containing the
water to be dis-
tilled ; B the head
of the still, which
lifts out at 3, and

is connected by the Fig. 4.
®9Fe0.C0,) + O + HO = Fe0,HO +  2CO,
Carbonate of iron. Water,  Hydrated sesqui. Carbonic acil.

oxide of iron.



46 PROPERTIES OF WATER.

neck C with the worm D, a pewter pipe coiled round in the tub E, and issuing at F.
The steam from the boiler, passing into the worm, is condensed to the liquid state,
being cooled by the water in contact with the worm ; this water, becoming heated,
passes off through the pipe G, being replaced by cold water, which is allowed to
enter through H.*

Another form of apparatus for distillation of water and other liquids is shown in
fig. 46. A is a stoppered retort, the neck of which fits into the tube of a Liebig's con-
denser (B), which consists of a glass tube (C) fitted by means of corks into a glass,
copper, or tin tube (D), into which a stream of cold water is passed by the funnel E,
the heated water running out through the upper tube F. The water furnished by
the condensation of the steam passes through the guilled receiver G, into the flask H.
Heat is gradually applied to the retort by a ring gas-burner.

Fig. 45.—Distillation—Liebig’s condenser.

Many special precautions are requisite in order to obtain absolutely pure
distilled water for refined experiments, hut for ordinary purposes the com-
mon methods of distillation yield it in a sufficiently pure condition.

The saline matters present in the water are of course left behind in the
still or retort. Sea water is now frequently distilled on board-ship when
fresh water is scarce. The vapid and disagreeable taste of distilled water,
which is due to its having been deprived of the dissolved air during the
distillation, is remedied by the use of Normandy’s apparatus, which pro-
vides for the restoration of the expelled air.

44. The physical properties of water are too well known to require any
detailed description. Its specific gravity in the liquid state is = 1, being
taken as the standard to which the specific gravities of liquid and solid
bodies are referred.

(Der.—The specific gravity of a liguid or solid body is its weight as
compared with that of an equal volume of pure water at 60° F., 15°'5 C.)

Water assumes the solid form, under ordinary circumstances, at 32° F.
(0° C.), and may be obtained in six-sided prismatic crystals. Snow con-
sists of beautiful stellate groupings of these crystals. Ice has the specific
gravity 0°9184. In the act of freezing, water expands very considerably,
so that 174 volumes of water become 184 volumes of ice. The breakage
of vessels, splitting of rocks, &c., by the congelation of water, are due to

* A rosette gas-burner (K) on Bunsen’s principle is very convenient for a small still of
this description.
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this expansion. Water passes off in vapour at all temperatures, the
amount of vapour evolved in a given time of course increasing with the
temperature. The boiling-point of water is 212° F. (100° C.)

(Der.—The boiling-point of a liquid is the constant temperature indi-
cated by a thermometer, the bulb of which is immersed in the boiling
liquid in the presence of a coil of platinum wire, to facilitate disengage-
ment of vapour, and at a pressure of 30 in. (762 Mm.) Bar.)

At and above 212° F. at the ordinary atmospheric pressure (30 in. Bar.),
water is an invisible vapour of specific gravity 0°622 (air = 1). One
cubic inch of water at 60° F. becomes 1696 cubic inches of vapour at
212° F.

45. In its chemical relations water presents this very remarkable fea-
ture, that, although it is an indifferent oxide, its combining tendencies
extend over a wider range than those of any other compound. Its com-
binations with other substances are generally called hydrates. Water
combines with two of the elementary substances, viz., chlorine and
bromine, forming an exception to the general rule that combination does
not take place between elementary and compound bodies. No other element
is even dissolved by water in any considerable quantity. One part of
iodine is dissolved by 7000 parts of cold water, but no chemical combina-
tion appears to take place. Oxygen, hydrogen, and nitrogen are dissolved
by water in very small quantity, but become only mechanically diffused
through it, and do not enter into chemical combination.

When water acts upon a compound body, it may either effect a siniple
solution, or may enter into chemical combination with it.

Simple solution appears to be a purely physical phenomenon, not accom-
panied, of necessity, by any chemical action. The dissolved substance, in
such cases, is otherwise unchanged in properties, and there is no manifesta-
tion of heat, as in cases of chemical combination. On the contrary, there
is a reduction of temperature, such as is always noticed in the merely phy-
sical change from the solid to the liquid form. For example, common
saltpetre (nitre or nitrate of potash, KO.NO,), when shaken with water,
is rapidly dissolved, the water becoming sen-
sibly colder. If fresh portions of saltpetre be
added till the water is unable to dissolve any
more, it will be found that 1000 grs. of water
(at 60° F.) have dissolved about 300 grs. of
saltpetre. Such a solution would be called a
eold saturated solution of saltpetre. If the
solution be set aside in an open vessel, the
water will slowly pass off in vapour, and the
saltpetre will be gradually deposited, its particles
arranging themselves in the regular geometrical
shape of the six-sided prism, which is its com-
mon crystalline form. The crystals of saltpetre
do not contain any water ; they are ankydrous.

If saltpetre be added to boiling water (in a porcelain evaporating dish,
fig. 46), and stirred (with a glass rod) until the water refuses to dissolve
any more, 1000 grs. of water will be found to have dissolved about 2000
grs. ; this would be called a kot saturated solution.

_As a general rule, solids are dissolved more quickly and in larger quan-
tity by hot water than by cold.
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One of the commonest methods of crystallising a solid substance con-
sists in dissolving it in hot water, and allowing the solution to cool slowly.
The more slowly it cools, the larger and more symmetrical are the crystals.
A hot saturated solution is not generally the best for crystallising, becanse
it deposits the dissolved body too rapidly. Thus, the hot solution of
saltpetre prepared as above would solidify to a mass of minute crystals on
cooling; but if 1000 grs. of saltpetre be dissolved in 4 measured ounces of
boiling water, it will form crystals of 2 or 3 inches long when slowly cooled
(in a covered vessel). If the solution be stirred while cooling, the crystals
will be very minute, having the appearance of a white powder.

Some solids, however, refuse to crystallise, even from a hot saturated
solution, if it be kept absolutely undisturbed.

Sulphate of sodaaffords a good example of this. If the crystallised sulphate be added
to boiling water in a flask, as long as it is dissolved, the water will take into solution
more than twice its weight of the salt. If this solution be allowed to cool in the open
flask, an abundant crystallisation will take place, for cold water will dissolve only about
one-third of its weight of crystallised sulphate. But if the flask (which should be
globular) be tightly corked whilst the solution is boiling, it may be kept for several
days without crystallising, although moved about from one place to another. In
this condition the solution is said to be super-saturated. On withdrawing the cork,
the air entering the partly vacuous space above the liquid will be seen to disturb
the surface slightly, and from that point beautiful prismatic crystals will shoot
through the liquid until the whole has become a nearly solid mass. A consider-
able elevation of temperature is observed, consequent upon the passage from the
liquid to the solid form. Tf the solution of sulphate of soda be somewhat weaker,
containing exactly two-thirds of its weight of the crystals, it may be cooled with-
out crystallising, even in vessels covered with glass plates, but a touch with a glass
rod will start the crystallisation immediately.*

In the laboratory, stirring is alwayas resorted to in order to induce crystallisa-
tion, if it does not take place spontaneously. Thus it is usual to test for potash
in a solution by adding tartaric acid, which should cause the formation of minute
crystals of bitartrate of potash (cream of tartar), but the test seldom succeeds unless
the solutions are briskly stirred together with a glass rod An amusing illustra-
tion of this is afforded by pouring a solution of tartaric acid into a solution of
saltpetre, and allowing the clear mixture to run over a large plate of glass.
Letters traced on the glass with the finger will now be rendered visible by the
depogition of the crystals of bitartrate of potash upon the glass.

46. The crystals of sulphate of soda produced in the above experiments
contain, in a state of combination with the salt, more than half their
weight of water. Their composition is

Anhydrous sulphate of soda (NaO.80,) 71 parts, or one combining weight,
Water 90 ,, or ten combining weights,

as expressed by the formula NaO. SO, + 10 HO. If some of the crystals
be pressed between blotting paper to remove adhering water, and left
exposed to the air, they will gradually effloresce, or become covered with a
white opaque powder. This powder is the anhydrous sulphate of soda into
which the entire crystals would ultimately become converted by exposure
to air. Since most crystals containing water have their crystalline form
destroyed or modified by the loss of the water, it is commonly spoken of
as water of crystallisation.

Coloured salts, containing water of crystallisation, generally change
colour when the water is removed. The sulphate of copper (blue stone)

* It is very remarkable that, if the glass rod has been recently heated, it will not cause
the crystallisation even after it has been cool for some thine.
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affords an excellent example of this. The beautiful blue prismatic crystals
of this salt contain

Anhydrous sulphate of eopper (CuO SO,) 79 8 parts, or one combining weight,
Water . » or five combining weights,

as expressed by the formula CuO . SO, + 5HO.

When these are exposed to the air at the ordinary temperature they
remain unchanged ; but if heated to the boiling-point of water, they
become opaque, and may be easily crumbled down to a white powder.
This powder contains

Anhydrous sulphate of copper (GnO SO,) ¢9 8 parts, or one combining weight,
Water . »  orone combining weight,

and would therefore be represented by CuO. SO, + HO. The four com-
bining weights of water, which have been expelled, constituted the water
of crystallisation, upon which the form and colour of the sulphate of
copper depend. If the white powder be moistened with water, com-
bination takes place, with great evolution of heat, and the blue colour is
reproduced. The one combining weight of water which still remains, is
not expelled until the salt is heated to 390° F. (199° C.), proving that it
i8 held to the sulphate of copper by a more powerful chemical attraction.
On this account it is spoken of as water of constitution, and in order that
the formula of the salt may exhibit the difference between the water of
constitution and of crystallisation, it is usually written—

CuO. SO,. HO + 4Aq.*

(Der.—Water of crystallisation of salts is that which is generally
expelled at 212° F. (100° C.), and is connected with the form and colour
of the crystals. Water of constitution is not generally expelled at 212° F,,
and is in more intimate connexion with the chemical properties of the salt. )

Several of the so-called sympathetic inks employed for writings which
are invisible until heated, depend upon the change of colour which results
from the loss of water of crystallisation. Characters written with a weak
solution of chloride of cobalt and allowed to dry are very nearly invi-
sible, since the pink colour of so small a quantity of the salt is scarcely
noticed ; but on warming the paper, the pink hydrated chloride of cobalt
(CoCl + 2Aq.) loses its water of crystallisation, and the blue anhydrous
chloride of cobalt is produced. On exposure to air this again absorbs
water, and the writing fades away.

Some salts have so great a tendency to combine with water, that they
become moist or deliquesce when exposed to air. This deliquescence is
exhibited in a marked degree by chloride of calcium, and its great attrac-
tion for water is turned to advantage in drying air and other gases by
passing them through tubes filled with the salt.

47. Most bases are capable of combining with water to form hydrates,
28 exemplified in the slaking of lime. Anhydrous lime or quick-lime
(Ca0), when wetted with water, combines with it, evolving much heat,
and crumbling to a loose bulky powder, which is hydrate of lime or slaked
lime (CaO.HO). At a red heat the water is expelled, and anhydrous
lime remains.

. Agua, water.

ot . D
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The hydrates of potash, soda, and baryta, however, do not lose their
water when heated, which has led some chemists to entertain the belief
that they do not really contain water as such, but that they have been
formed from water by the substitution of a metal for a portion of its
hydrogen. Upon this view, the hydrate of potash, instead of being re-
presented by the formula KO . HO, would be KHO,,* or two combining
weights of water (H,0,), in which potassium has been substituted for half
the hydrogen. In representing chemical changes by equations, much
convenience often results from the adoption of this formula; but as the
same view would have to be taken of those hydrates which hold their
water very loosely, we may question the propriety of insisting upon the
above view of the constitution of hydrate of potash, &c., as a fact rather
than a convenient hypothesis.

48. Nearly all the acids are capable of forming hydrates. Indeed, as
a general rule, the hydrated form of an acid is that in which it is com-
monly obtained and used, the anhydrous acid being usually of very
secondary importance. Thus, the liquid used under the name of concen-
trated sulphuric acid is the hydrate of that acid (HO . SO,), the anhydrous
sulphuric acid (SO,) being a crystalline solid of no use except to the
chemist, and not manifesting any acid properties until brought into contact
with water, with which it combines with evolution of much heat. The
hydrated sulphuric acid (HO . SO,) does not lose its water when heated,
but distils unchanged, and some chemists are of opinion that the hydrogen
is not contained in it in the form of water, but that the so-called hydrated
sulphuric acid should be represented as HSO,,* so as not to indicate that
it contains water. The acid is thus represented as a unifary compound
(formed of one group), instead of a binary compound of the groups HO
and SO, Convenient as this view is sometimes found in notation and in
theoretical speculations, the circumstance that SO, is known in the separate
state, and yields the hydrated sulphuric acid when brought in contact
with water, causes the latter view still to find favour among practical
chemists.

The hydrated sulphuric acid (HO. SO,) has a very powerful attraction
for more water, which leads to its employment in the laboratory for
drying air and gases, as well as for producing many chemical changes
which depend upon the abstraction of water or its elements (dekydration).
If concentrated sulphuric acid (0il of vitriol) be poured into water, the
mixture will become very hot, in consequence of the combination between
the two liquids. The water should be stirred whilst the acid is being
poured in, as the sudden mixture of considerable guantities might cause
danger from the projection of the liquid.

49. Binozide or peroxide of hydrogen or ozygenated water, HO,.$ This compound
is not met with in nature, nor has it any important useful application in the arts.
It has recently, however, acquired some importance as a medicinal agent, and it
possesses very great interest for the student of chemical philosophy, because it helps
to throw some light upon the atomic constitution of the clements.

The easiest and most interesting method of obtaining oxygenated water (though
not in the pure state), consists in exposing a few freshly scraped sticks of phos-
phorus to the air, at the bottom of a large jar,3 with enough water to cover one-half

* Or, if =16, by KHO.

1 Or, if @ = 16 and § = 32, as H,80,.

$ Or, if @ = 16, the formula of peroxide of hydrogen will be H,O,.

§ The rhosphoms may be placed upon a porcelain colander, which is supported on the
surface of two or thzee punces of water in p d ish, and freely exposed to the open air.

oo *
oo o o * 0 U0
.
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of the sticks. The jar should be loosely covered, and the air renewed by blowing
into it occasionally. It should also be placed in a situation where no injury would
ensue if the phosphorus were to take fire and crack the jar. Of course ozone will be
perceived in abundance in the air of the jar, and in the course of a few days the
water will be highly charged with phosphorous and phosphoric acids, and will have
absorbed a considerable amount of oxygen from the air. If a test-tube or small
cylinder be filled with this water, a little powdered binoxide of manganese thrown
into it, and the tube then quickly closed and inverted with its mouth under water,
brisk effervescence will ensue from the escape of oxygen which will collect in the
tube, and may be recognised by the usual test with a partly extinguished match.
The binoxide of manganese does mot appear to be decomposed in this experiment,
the whole of the oxygen being derived from the binoxide of hydrogen dissolved
in the water, which is immediately decomposed, by contact with the binoxide of
manganese, into water and free oxygen. If a solution of permanganate of potash
(KO.Mu,0,), which owes its red colour to the permanganic acid (Mn,0,), be poured
into a cylinder partly filled with the liquid, it will cause a rapid evolution of oxygen,
derived not only from the binoxide of hydrogen, but from the permanganic acid,
the red colour of which disappears, because it becomes reduced to a lower oxide of
manganeee.

The usual method of preparing binoxide of hydrogen in a pure state, consists in
decomposing the binoxide of barium with diluted hydrochloric acid, under certain
precautions to avoid the decomposition of the very unstable binoxide of hydrogen.
Its formation is represented by the equation BaO, + HCl = HO, + BaCl. The
chloride of barium is removed from the solution by the cautious addition of sulphate
of silver, which precipitates the barium as sulphate of baryta, and the silver as
chloride of silver, thus, BaCl + AgO.S0, = AgCl + BaO.SOg. The precipitates
are allowed to subside, and the clear liquid evaporated in the exhausted receiver of
the air-pump over a dish of oil of vitriol to absorb the water, which evaporates much
more rapidly than the binoxide. The pure binoxide of hydrogen is a syrupy liquid
of sp. gr. 1'4563, with a very slight chlorous odour. Its most remarkable feature is
the facility with which it is decomposed into water and oxygen.* Even at 70° F.
it begins to evolve bubbles of oxygen, so that it can scarcely be prepared in hot
weather. At 212° it decomposes with violence. The mere contact with certain
metals, such as gold, platinum, and silver, which have no direct attraction for oxy-
gen, will cause the decomposition of the binoxide of hydrogen, without any chemical
alteration of the metal itself.t It was noticed above that the binoxide of manganese
decomposes it without undergoing any apparent change. The most surprising
effect is that which takes place with oxide of silver. If a drop of binoxide of hydro-
gen be allowed to fall upon oxide of silver, which is a brown powder, decomposition
takes place with explosive violence and great evolution of heat, the oxide of silver
losing its oxygen, and becoming grey metallic silver. The oxides of gold and
platinum are acted upon in a similar manner.

These very extraordinary changes, which were formerly described as catalytic
actions, are now generally accounted for by the hypothesis that the oxygen in the
oxide of silver, &c., exists in a condition different from that of the second equivalent
of oxygen in the binoxide of hydrogen, and that these two conditions of oxygen
have a chemical attraction for each other, similar to that which exists between
different elements. If the oxygen in the oxide of silver be represented as electro-
negative oxygen (see 22), as its relation to the metal would lead us to expect, and
the second atom of oxygen in the binoxide of hydrogen be represented as electro-
positive oxygen, the mutual decomposition of the two compounds might be repre-
sented by the equation,

AgO + HOQ = Ag + HO + 0Q.

Molecules—Molecular formule.—This would lead to the belief that
oxygen in its ordinary condition, as it exists in the atmosphere, is really
an oxide of oxygen, consisting of two atoms of oxygen in opposite states,

® The presence of a little free acid renders it rather more stable, whilst free alkali has
the opposite effect. A solution of peroxide of hydrogen, containing a little hydrochloric
acid, 18 now sold for medicinal and photographic uses.
t 8uch inexplicable changes as this are sometimes included under the general denomina-
tiom of catalyss, or decomposition by contact. 9
D
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and that the smallest particle of oxygen which- can exist in the separate
state is really composed of two atoms. This smallest particle of free
oxygen would be appropriately termed a molecule of oxygen, whilst an
atom of oxygen would be defined as the smallest particle which can exvet
in a state of combination. If the atomic weight of oxygen were taken to
be 16, the molecular weight would be 32. It will be seen hereafter that
there are reasons for extending this view to the constitution of some other
elements, and an opinion has been propounded, somewhat in advance of
existing experimental evidence, that direct combination of elements is
really a double decomposition where the corresponding atoms are exchanged.
According to this view, the formation of water by the combination of
hydrogen with oxygen would be expressed by the equation,

HH + 00 = HO + HO
+ = + - + - -+
orH, + 0, = H,0,
and the molecule of water, or the smallest particle capable of existing in a
free state, or of resulting from chemical action, would be represented by

H,0,, and would weigh 18 parts (H=1), or if © = 16 parts of oxygen,
by H,0.

It has been suggested that ozone is really the negative atom of oxygen detached
from the positive atom or antozone associated with it in the molecule (9_ 2), and

this view is supported by the circumstance, that binoxide of hydrogen appears to be
formed in all cases where ozone is produced by slow oxidation in the presence of
water, making it appear probable that the latter (HO) combines with the antozene

to form binoxide of hydrogen (Hog whilst the ozone O is eliminated in the

free state. The production of ozone in the electrolysis of water (see 28), appears
also to be attended by that of binoxide of hydrogen. .Upon this view of the nature
of ozone, however, it would not be easy to explain the contraction which pure dry
oxygen has been found to suffer during partial conversion into ozone by the action
of the electric discharge, or the circumstance, that when a mixture of oxygen and
ozone 80 produced is exposed to the action of mercury, no diminution of volume is
observed, although the metal removes the ozone, combining with it to form an oxide
of mercury. Both these, however, would be explicable on the theory that ozone is
really formed by a coalition of atoms of oxygen, to produce & compound which may
be represented as binoxide of hydrogen (HOO), in which the hydrogen is replaced by
oxygen, forming (000); then, just as two volumes of hydrogen combining with one
volume of oxygen contract to two volumes of steam, it might be supposed that two
volumes of oxygen combining with one volume of oxygen, would contract to two
volumes of ozone, and just as on decomposing two volumes of steam with a metal,
two volumes of hydrogen are left, 80 on decomposing the two volumes of ozone with
a metal two volumes of oxygen would be liberated, and no contraction observed. ®
Reasoning analogically from the properties of binoxide of hydrogen, this theory
would also enable us to explain the easy reconversion of ozone by heat, and by the
action of binoxide of manganese.t The occurrence of binoxide of hydrogen in so
many cases of the production of ozone would also favour this view,

# Some recent experiments have indicated that the specific gravity of ozone is just what
this theory would require, that is, half as great again as that of ordinary ox{]gen, or 166,

t Finely divided platinum, which causes decomposition of binoxide of hydrogen, has
also been found to destroy ozone.
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CARBON.

50. This element is especially remarkable for its uniform presence in
organic substances. The ordinary laboratory test by which the chemist
decides whether a substance under examination is of organic origin,
consists in heating it with limited access of air, and observing whether
any blackening from separation of carbon (carbonisation) ensues.

Few elements are capable of assuming so many different aspects as carbon.
It is met with transparent and colourless in the diamond, opaque, black, and
quasi-metallicin graphite or black lead, velvety and porous in wood-charcoal,
and under new conditions in anthracite, coke, and gas-carbon.

In nature, free carbon may be said to occur in the forms of diamond,
graphite, and anthracite (the other varieties of coal containing considerable
proportions of other elements).

Apart from its great beauty and rarity, the diamond possesses a special
interest in chemical eyes, from its having perplexed philosophers up to
the middle of the last century, notwithstanding the simplicity of the ex-
periments required to demonstrate its true nature. The first inkling of it
appears to have been obtained by Newton, when he perceived its great
power of refracting light, and thence inferred that, like other bodies
possessing that property in a high degree, it would prove to be com-
bustible (“ an unctuous substance coagulated”). When this prediction
was verified, the burning of diamonds was exhibited as a marvellous
experiment, but no accurate observations appear to have been made till
1772, when Lavoisier ascertained, by burning diamonds suspended in the
focus of a burning-glass, in a confined portion of oxygen, that they were en-
tirely converted into carbonic acid gas. In more recent times this experi-
ment has been repeated with the utmost precaution, and the diamond has
been clearly demonstrated to consist of carbon in a crystallised state.

A still more important result of this experiment was the exact determination of
the composition of carbonic acid, without which it would not be possible to ascertain
exactly the proportion of carbon in any of its numerous compounds, since it is always
weighed in that form.

The most accurate experiments upon the synthesis of carbonic acid have been
conducted with the arrangement represented in fig. 47.

Within the porcelain tube A, which is heated to redness in a charcoal fire, was
placed a little platinum tray, accurately weighed, and containing a weighed quantity
of fragments of diamond. One end of the tube was connected with a gas-holder B,
containing oxygen which was thoroughly purified by passing through the tube C,
containing potash (to absorb any carbonic acid and chlorine which it might contain),
and dried by passing over pumice soaked with concentrated sulphuric acid in D and
E. To the other end of the porcelain tube, A, there was attached a glass tube F,
also heated in a furnace, and containing oxide of copper, to convert into carbonic
acid any carbonic oxide which might have been formed in the combustion of the
diamond. The carbonic acid was then passed over pumice soaked with sulphuric
acid in G, to remove any traces of moisture, and afterwards into a weighed bulb-
apparatus H, containing solution of potash, and two weighed tubes I K, containing,
respectively, solid hydrate of potash and sulphuric acid on pumice, to guard against
the escape of aqueous vapour taken up by the excess of oxygen in its passage
through the bulbs H. The increase of weight in H, I, K, represented the carbonic
acid formed in the combustion of an amount of diamond indicated by the loss of
weight suffered by the platinum tray, and the difference between the diamond
consumed and the carbonic acid formed would express the amount of oxygen which
had combined with the carbon. A large number of experiments conducted in this
manner, both with diamond and graphite, showed that 6 parts of carbon furnished
22 parts of carbonic acid, and consumed, therefore, 16 parts of oxygen.

The ordinary mode of exhibiting the combustion of the diamond on the lecture
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table, consists in suspending it within a double loop of platinum wire attached to an
iron wire passing through a deflagrating-collar, and heating it in a jet of oxygen

Fig. 47.—Exact synthesis of carbonic acid.

- sent through a gas or spirit flame (fig. 48). As soon as it has attained a white heat,
the diamond is plunged into a globe of oxygen, and after burning for a few seconds,
it is withdrawn, and a little lime-water is shaken in the globe to produce the milky

Fig. 48.

deposit of carbonate of lime. It not unfrequently happens that the blowpipe flame
fuses the platinum wire, and the diamond drops out before it can be immersed in the
oxygen. A more convenient arrangement is shown in fig. 49. The diamond is
supported in a short helix of platinum wire A, which is attached to the copper wires
B B, passing through the cork C, and connected with the terminal wires of a
Grove's battery of five or six cells. The globe having been filled with oxygen by
passing the gas down into it till a match indicates that the excess of oxygen is




DIAMOND—GRAPHITE. 55

streaming out of the globe, the cork is inserted, and the wires connected with the
battery. When the heat developed in the platinum coil, by the
passage of the current, has raised the diamond to a full red = U
heat, the connexion with the battery may be interrupted, and x
the diamond will continue to burn with steady and intense
brilliancy.

To an observer unacquainted with the satisfactory & g
nature of this demonstration, it would appear incre- Tz, 4
dible that the transparent diamond, so resplendent as to & =
have been reputed to emit light, should be identical in its chemical
composition with graphite (plumbago or black lead) from which, in ex-
ternal appearance, it differs so widely. For this difference is not con-
fined to their colour; in crystalline form they are mot in the least -
alike, the diamond occurring generally in octahedral crystals, while gra-
phite is found either in amorphous masses (that is, having no definite
crystalline form), or in six-sided plates which are not geometrically allied
with the form assumed by the diamond. Carbon, therefore, is dimorphous,
or occurs in two distinet crystalline forms. Even in weight, diamond and
graphite are very dissimilar, the former having an average specific gravity
of 3'5, and the latter of 2:3. Again, a crystal of diamond is the hardest
of all substances, whence it is used for cutting and for writing upon glass,
but a mass of graphite is spft and easily cut with a knife. The diamond
is a non-conductor of electricity, but the conducting power of graphite
renders it useful in the electrotype process.

Diamonds are chiefly obtained from Golconda, Borneo, and the Brazils.
They usually occur enveloped in sandstone or quartz pebbles, which ap-
pear to have been rounded by attrition in the beds of running streams.
The hardness of the diamond renders it necessary to employ diamond-
dust for the purpose of cutting and polishing it, which is effected with
the aid of a revolving disk of steel, to the surface of which the diamond-
dust is applied in the form of a paste made with oil. The crystal in its
natural state is best fitted for the purpose of the glazier, for its edges are
usually somewhat curved, and the angle formed by these cuts the glass
deeply, while the angle formed by straight edges, like those of an ordinary
jeweller’s diamond, is only adapted for scratching or writing upon glass.
The diamond-dust used for polishing, &c., is obtained from a dark amor-
phous diamond found at Bahia in the Brazils; 1000 ounces annually are
said to have been occasionally obtained from this source. 'When burnt,
the diamond always leaves a minute proportion of ash of a yellowish
colour in which silica and oxide of iron have been detected.

Although the diamond, when preserved from contact with the air, may
be heated very strongly in a furnace, without suffering any change, it is
not proof against the intense heat of the discharge taking place between
two carbon points attached to the terminal wires of a powerful galvanic
battery. If the experiment be performed in a vessel exhausted of air, the
diamond becomes converted into a black coke-like mass which closely
resembles graphite in its properties.

Graphite always leaves more ash than the diamond, consisting chiefly
of the oxides of iron and manganese, with particles of quartz, and some-
times titanic acid. The purest specimens are those of compact amor-
phous graphite from Borrowdale in Cumberland ; an inferior variety, im-
ported from Ceylon, is crystalline, being composed of hexagonal plates.
Graphite is obtained artificially in the manufacture of cast iron : in some
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cases, a portion of the carbon of the cast iron separates in cooling in the
form of crystalline scales of graphite, technically called kish. In the
grey variety of cast iron these scales of graphite are diffused through the
mass of the metal, and are left undissolved when the iron is dissolved by
an acid.

Graphite is far more useful than the diamond, for, in addition to its
application in black lead pencils, and for covering the surface of iron in
order to protect it from rust, it is largely employed, in admixture with
clay, for the fabrication of the black lead crucibles or blue pots, as they
are commonly called, which are so valuable to the metallurgist, for their
power of resisting high temperatures. Graphite is also sometimes em-
ployed for lubricating, to diminish friction in machinery, and for facing
or imparting a fine glazed surface to gunpowder.

(Anthracite and the other varieties of coal will be described in a sepa-
rate section.) .

51. Several varieties of carbon, obtained by artificial processes, are em-
ployed in the arts. The most important of these are lamp black, wood
charcoal, and animal charcoal.

Lamp black approaches more nearly in composition to pure carbon than
either of the others, and is the soot obtained from the imperfect combus-
tion of resinous and tarry matters (or of highly bituminous coal), from
which source it derives the small quantities of resin, of nitrogen, and
sulphur which it contains. The uses of this substance, as an ingredient
of pigments, of printing ink, and of blacking, depend evidently more upon
its black colour than upon its chemical properties.

Wood charcoal presents more features which arrest the attention of the
chemist, as well on account of its specific properties, as of the influence
exercised by the method adopted for obtaining it, upon its fitness for the
particular purpose which it may be destined to serve.

If a piece of wood be heated in an ordinary fire, it is speedily con-
sumed, with the exception of a grey ash consisting of the incombustible
mineral substances which it contained ; if the experiment were performed
in such a manner that the products of combustion of the wood could be
collected, these would be found to consist of carbonic acid and water,
woody fibre is composed of carbon, hydrogen, and oxygen (C,H,0,),
and when it is burnt, the oxygen, in conjunction with more oxygen de-
rived from the air, converts the carbon and hydrogen into carbonic acid
and water. But if the wood be heated in a glass tube, closed at one end,
it will be found impossible to reduce it, as before, to an ash, for a mass of
charcoal will remain, having the same form as that of the piece of wood ;
in this case, the oxygen of the air not having been allowed free access to
the wood, no true combustion has taken place, but the wood has under-
gone destructive distillation, that is, its elements have arranged them-
selves, under the influence of the high temperature, into different forms
of combination, for the most part simpler in their chemical composition
than the wood itself, and capable, unlike the wood, of enduring that
temperature without decomposition ; thus, it is merely an exchange of an
unet:‘ble for a stable equilibrium of the particles of matter composing the
W00

(Der.—Destructive distillation is the resolution of a complex substance
into simpler forms under the influence of heat, out of contact with air.)
The vapours issuing from the mouth of the tube will be found acid
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to blue litmus paper; they have a peculiar odour, and readily take fire
on contact with flame. These will be more particularly noticed here-
after, as they contain some very useful substances. The charcoal which
is left is not pure carbon, but contains considerable quantities of oxygen
and hydrogen, with a little nitrogen, and the mineral matter or ash of
the wood.

When the charcoal is to be used for fuel, it is generally prepared by
a process in which the heat developed by the combustion of a portion
of the wood is made to effect the charring of the rest. With this view
the billets of wood are built up into a heap (fig. 50) around stakes driven
into the ground, a passage
being left so that the heap
may be kindled in the centre.

This mound of wood, which

is generally from 30 to 40 feet

in diameter, is closely covered

with turf and sand, except for

a few inches around the base,

where it is left uncovered to

give vent to the vapour of Fig. 50.—Charccal heap.

water expelled from the wood in the first stage of the process. When
the heap has been kindled in the centre, the passage left for this pur-
pose is carefully closed up. After the combustion has proceeded for
some time, and it is judged that the wood is perfectly dried, the open
space at the base is also closed, and the heap left to smoulder for three
or four weeks, when the wood is perfectly carbonised. Upon an average,
22 parts of charcoal are obtained by this process from 100 of wood.

A far more economical process for preparing charcoal from wood consists
in heating it in an iron case or slip (F, fig. 51) placed in an iron re-
tort A, from which the gases and
vapours are conducted by the pipe
L into the furnace B, where they
are consumed.

On the small scale, the opera-
tion may be conducted in a glass
retort, as shown in fig. 52, where
the water, tar, and naphtha are
deposited in the globular receiver,
and the inflammable gases are col-
lected over water.

The infusibility of the charcoal
left by wood accounts for its very
great porosity, upon which some
of its most remarkable and useful
properties depend. The applica-
tion of charcoal for the purpose of ¢ sweetening” fish and other food in a
state of incipient putrefaction has long been practised, and more recently
charcoal has been employed for deodorising all kinds of putrefying and
offensive animal or vegetable matter. This property of charcoal depends
upon its power of absorbing into its pores very considerable quantities of
the gases, especially of those which are easily absorbed by, water. Thus
one cubic inch of charcoal is capable of absorbing about 100 cubic
inches of ammonia gas and 50 cubic inches of sulphuretted hydrogen,

Fig. 51.—Charcoal retort.
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both which are conspicuous among the offensive results of putrefac-
tion. This condensation of gases by charcoal is a mechanical effect, and
= does not involve a chemical
2788 combination of the charcoal
4 with the gas; it is exhibited
most powerfully by char-
coal which has been re-
cently heated to redness in
a closed vessel, and cooled
out of contact with air by
plunging it under mercury.
= Eventually the offensive
i 52.— Distillati gases absorbed by the char-
Fig. 52.—Distillation of wood. coal are chemically acted on
by the oxygen of the air in its pores. A cubic inch of wood charcoal absorbs
nearly 10 cubic inches of oxygen, and when the charcoal containing the gas
thus condensed is presented to another gas which is capable of undergoing
oxidation, this latter gas is oxidised and converted into inodorous pro-
ducts. Thus, if charcoal be exposed to the action of air containing sul-
phuretted hydrogen gas, it condenses within its pores both this gas and
the atmospheric oxygen, which then converts the hydrogen into water
(HO) and the sulphur into sulphuric acid (SO,).

The great porosity of wood charcoal is strikingly exhibited by attaching a piece of
lead to a stick of charcoal (fig. 63), so as to sink it in a cylinder of water, which is
then placed under the receiver of the air-pump. On exhausting the air, innumerable
bubbles will start from the pores of the charcoal, causing brisk effervescence. If a
glass tube 10 or 12 inches long be thoroughly filled with ammonia gas (fig. 54), sup-
ported in a trough containing mercury, and a small stick of recently calcined char-

Fig. 63.

coal introduced through the mercury into the tube, the charcoal will absorb the
ammonia so rapidly that the mercury will scon be forced up and fill the tube, carrying
the charcoal up with it. On removing the charcoal, and placing it upon the hand,
n sensation of cold will be perceived from the rapid escape of ammonia, perceptible
by its odour.

By exposing a fragment of recently calcined wood-charcoal under a jar filled with
hydrosulphuric acid gas for a few minutes, so that it may become saturated with
the gas, and then covering it with a jar of oxygen, the latter gas will act upon
the former with such energy that the charcoal will burst into vivid combustion.
The jar must not be closed air-tight at the bottom, or the sudden expansion may
burst it. Charcoal in powder exposed in a porcelain erucible may also be em-
ployed in the same way. It should be pretty strongly heated in the covered cru-
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cih‘lje, and allowed to become nearly cool before being exposed to the hydrosulphuric
acid.

Charcoal prepared from hard woods absorbs the largest volume of gas. Tlus
logwood charcoal has been found to absorb 111 times its volume of ammoniacal
yas. Charcoal made from the shell of the cocoa-nut is even more absorbent, al-
though its pores are quite invisible, and its fracture exhibits a semi-metallic lustre.

As the gases which are evolved in putrefaction are of a poisonous cha-
racter, the power of wood charcoal to remove them acquires great practical
importance, and is applied in very many cases ; the charcoal in coarse
powder is thickly strewn over matters from which the effluvium proceeds,
or is exposed in shallow trays to the air to be sweetened, as in the wards
of hospitals, &c. It has even been placed in a flat box of wire gauze to
be fixed as a ventilator before a window through which the contaminated
air might have access, and respirators constructed on the same principle
have been found to afford protection against poisonous gases and vapours.
The ventilating openings of sewers in the streets are also fitted with cases
containing charcoal for the same purpose. Water is often. filtered through
charcoal in order to free it from the noxious and disagreeable sulphuretted
hydrogen which is sometimes developed in it. For all such uses the char-
coal should have been recently heated to redness in a covered vessel in
order to expel the moisture which it attracts when exposed to the air, and
the charcoal which has lost its power of absorption will be found to regain
it in great measure when heated to redness.

This power of absorption which charcoal possesses is not confined to
gases, for many liquid and solid substances are capable of being removed
by that agent from their solution in water.
This is most readily traced in the case of
substances which impart a colour to the
solution, such colour being often removed
by the charcoal ; if port wine or infusion of
logwood be shaken with powdered charcoal
(especially if the latter has been recently
heated to redness in a closed crucible), the
liquid, when filtered (fig. 55), will be found
to have lost its colour; the colouring mat-
ter, however, seems merely to have adhered
to the charcoal, for it may be extracted
from the latter by treatment with a weak
alkaline liquid.

The decolorising power of wood charcoal =
is very feeble in°comparigson with that pos-
sessed by bone-black or animal charcoal, Fig. 55.—Filtration.
which is obtained by heating bones in ves-
sels from which the air is excluded. Bones are composed of about one-
third of animal and two-thirds of mineral substances, the latter including
phosphate of lime, which amounts to more than half the weight of the bone,
and a little carbonate of lime. When bone is heated, as in a retort, so that
air is not allowed to have free access to it, the animal matter undergoes
destructive distillation, its elements, carbon, hydrogen, nitrogen, and
oxygen, assuming other forms, the greater part of the three last elements,
together with a portion of the carbon, escaping in different gaseous and
vaporous products, while a considerable proportiun of the carbon remains
behind, intimately mixed with the earthy ingredients of the bone, and
constituting the substante known as animal charcoal. The great differ-
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ence between the products of the destructive distillation of bone and of
wood deserves a passing notice. If a fragment of bone or a shaving of
horn be heated in a glass tube closed at one end, the vapours which are
evolved will be found strongly alkaline to test-papers, while those fur-
nished by the wood were acid ; this difference is to be ascribed mainly
to the presence of nitrogen in the bone, wood being nearly free from that
clement ; it will be found to hold good as a general rule, that the results
of the destructive distillation of animal and vegetable matters containing
much nitrogen are alkaline, from the presence of ammonia (NH,) and .
similar compounds, while those furnished by non-nitrogenised substances
possess acid characters : the peculiar odour which is emitted by the heated
bone is characteristic, and affords us a test by which to distinguish
roughly between nitrogenised and non-nitrogenised bodies.

An examination of the charred mass remaining as the ultimate result
of the action of heat upon bone, shows it to contain much less carbon
than that furnished by wood, for the bone-charcoal contains nearly nine-
tenths of its weight of phosphate (with a little carbonste) of lime; the
consequence of the presence of so large an amount of earthy matter must
be to extend the particles of carbon over a larger space, and thus to ex-
pose a greater surface for the adhesion of colouring matters, &c. This
may partly help to explain the very great superiority of bone-black to
wood charcoal as a decolorising agent, and the explanation derives support
from the circumstance that when animal charcoal is deprived of its earthy
matter, for chemical uses, by washing with hydrochloric acid, its decolor-
ising power is very considerably reduced. The application of this variety
of charcoal is not confined to the chemical laboratory, but extends to
manufacturing processes. The sugar-refiner decolorises his syrup by filter-
ing it through a layer of animal charcoal, and the distiller employs char-
coal to remove the empyreumatic oils with which distilled spirits are
frequently contaminated.

Carbon is remarkable, among elementary bodies, for its indisposition to
enter directly into combination with the other elements, whence it follows
that most of the compounds of carbon have to be obtained by indirect
processes. This element appears, indeed, to be incapable of uniting with
any other at the ordinary temperature, and this circumstance is occasion-
ally turned to useful account, as when the ends of wooden stakes are
charred before being plunged into the earth, when the action of the
atmospheric oxygen, which, in the presence of moisture, would be very
active in effecting the decay of the wood, is resisted by the charcoal into
which the external layer has been converted. The employment of black
lead to protect metallic surfaces from rust is amother application of
the same principle. At a high temperature, however, carbon combines
readily with oxygen, sulphur, and with some of the metals, and, at a
very high temperature, even with hydrogen. The tendency of carbon to
combine with oxygen under the influence of heat, is shown when a piece
of charcoal is strongly heated at ono point, when the carbon at this point
at once combines with the oxygen of the surrounding air (forming car-
bonic acid), and the heat developed by this combustion raises the neigh-
bouring particles of carbon to the temperature at which the element unites
with oxygen, and thus the combustion is gradually propagated throughout
the mass, which is ultimately converted entirely into carbonic acid gas,
nothing remaining but the white ash, composed of the mineral substances
derived from the wood employed for preparing the charcoal. It is worthy
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of remark, that if charcoal had been a better conductor of heat, it would not
have been so easily kindled, since the heat applied to any point of the
mass would have been rapidly diffused over its whole bulk, and this
point could not have attained the high temperature requisite for its igni-
tion, until the whole mass had been heated nearly to the same degree ;
this is actually found to be the case in charcoal which hus been very
strongly heated (out of contact with air), when its conducting power is
greatly improved, and it kindles with very great difficulty. The calorific
ralue of carbon is represented by the number 8080, that is, 1 gr. of car-
bon, when burnt so as to form carbonic acid, is capable of raising 8080
grs. of water from 0° C. to 1° C.

A given weight of charcoal will produce twice as much available heat
as an equal weight of wood, since the former contains more actual fuel
and less oxygen, and much of the heat evolved by the wood is absorbed
or rendered latent in the steam and other vapours which are produced by
the action of heat upon it. The attraction possessed by carbon for oxygen
at a high temperature is turned to account in metallurgic operations, when
coal and charcoal are employed for extracting the metals from their com-
pounds with oxygen.*

The unchangeable solidity of carbon is another remarkable feature. It
is stated that some approach has been made, at extremely high tempera-
tures, to the fusion and vaporisation of carbon, but it cannot be said to
have been fairly established that this element is able to exist in any other
than the solid form. Nor can any substance be found by the aid of
which carbon may be brought into the liquid form by the process of
solution, for although charcoal gradually disappears when boiled with
sulphuric and nitric acids, it does not undergo a simple solution, but is
converted, as will be seen hereafter, into carbonic acid.

52. CoaL.—The various substances which are classed together under the
name of coal are characterised by the presence of carbon as a largely pre-
dominant constituent, associated with smaller quantities of hydrogen,
oxygen, nitrogen, sulphur, and certain mineral matters which compose the
ash. Coal appears to have been formed by a peculiar decomposition or
fermentation of buried vegetable matter, resulting in the separation of a
large proportion of its hydrogen in the form of marsh-gas (C;H,), and
similar compounds, and of its oxygen in the form of carbonic acid (CO,),
the carbon accumulating in the residue. Thus, cellulose (C,,H,,0,,), which
constitutes the bulk of woody fibre, might be imagined to decompose
according to the equation 2C,H,0,, = 5C,H, + 10CO, + C,, and the
occurrence of marsh-gas, and of the petroleum hydrocarbons of similar
composition, as well as of carbonic acid, in connexion with deposits of
coal, supports this account of its formation. Marsh-gas and carbonic
acid are the ordinary products of the fermentation of vegetable matter,
and a spontaneous carbonisation is often witnessed in the  heating” of
damp hay. But just as the action of heat upon wood produces a charcoal
containing small quantities of the other organic elements, so the carbon-
ising process by which the plants have been transformed into coal, has
left behind some of the hydrogen, oxygen, and nitrogen ; the last, as well
probably as a little of the sulphur, having been derived from the vegetable
albumen and similar substances which are always present in plants. The

® Easily reducible oxides, such as oxide of lead, give carbonic acid when heated with

charcoal ;" 2PbO + C = Pb, + CO,, but oxides which are not easily reducible, such as
oxide of zinc, give carbonic oxide ; %00 + C=CO + Zn.
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chief part of the sulphur is generally present in the form of iron pyrites,
derived from some extraneous source. The examination of a peat-bog is
very instructive with reference to the formation of coal, as affording ex-
amples of vegetable matter in every stage of decomposition, from that in
which the organised structure is still clearly visible, to the black carbon-
aceous mass which only requires consolidation by pressure in order to
resemble a true coal.

The three principal varieties of coal—lignite, bituminous coal, and an-
thracite—present us with the material in different stages of carbonisation ;
the lignite, or brown coal, presenting indications of organised structure,
and containing considerable proportions of hydrogen and oxygen, while
anthracite often contains little else than carbon and the mineral matter or
ash. The following table shows the progressive diminution in the propor-
tions of hydrogen and oxygen in the passage from wood to anthracite :—

Carbon. Hydrogen. Oxygen.
Wood, . . . . 100 12-18 88:07
Peat, . . . . . 100 9-85 5667
Lignite, . . . . 100 887 42:42
Bituminous coal, . . 100 6:12 21-23
Anthracite, . . . 100 2:84 174

The combustion of coal is a somewhat complex process, in consequence
of the re-arrangement which its elements undergo when the coal is sub-
jected to the action of heat.

As soon as a flame is applied to kindle the coal, the heated portion
undergoes destructive distillation, evolving various combustible gases and
vapours, which take fire and convey the heat to remoter portions of the
coal. 'Whilst the elements of the exterior portion of coal are undergoing
combustion, the heat thus evolved is submitting the interior of the mass
to destructive distillation, resulting in the production of various com-
pounds of carbon and hydrogen. Some of these products, such as marsh-
gas (C,H,) and olefiant gas (C,H,), burn without smoke; while others,
like benzole (C,;H;) and naphthaline (C,H,), which contain a very
large proportion of carbon, undergo partial combustion, and a consider-
able quantity of carbon, not meeting with enough heated oxygen in the
vicinity to burn it entirely, escapes in a very finely divided state as
smoke or soot, which is deposited in the chimmey, mixed with a little
carbonate of ammonia, and small quantities of other products of the dis-
tillation of coal. 'When the gas hus been expelled from the coal, there
remains a mass of coke or cinder, which burns with a steady glow until
the whole of its carbon is consumed, and leaves an ash, consisting of the
mineral substances present in the coal. The final results of the perfect
combustion of coal would be carbonic acid (CO,), water (HO), nitrogen,
a little sulphurous acid (SO,), and ash. The production of smoke in a
furnace supplied with coal may be prevented by charging the coal in
small quantities at a time in front of the fire, so that the highly carbon-
aceous vapours must come in contact with a large volume of heated air
before reaching the chimney. In arrangements for consuming the smoke,
hot air is judiciously admitted at the back of the fire, in order to meet
and consume the heated carbonaceous particles before they pass into the
chimney.

The difference in the composition of the several varicties of coal gives
rise to a great difference in their mode of burning.
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The following table exhibits the composition of representative speci-
mens of the three principal varieties :—

Composition of Coal.

Lignite. Blt%wons Anthracite.
Carbon, . . . . 66-32 78:67 90-39
Hydrogen, . . . 563 529 8-28
Nitrogen, . . . 0-66 1-84 0-83
Oxygen, . . . . 22-86 12:88 2:98
Sulphur, . . . . 2:36 0-39 0-91
Ash* . . . . 2:27 1-08 1-61

100-00 100-00 100:00

The lignites furnish a much larger quantity of gas under the action of
heat, and therefore burn with more flame than the other varieties,
leaving a coke which retains the form of the original coal ; while bitumi-
nous coal softens and cakes together,—a useful property, since it allows
even the dust of such coal to be burnt, if the fire be judiciously managed.
Anthracite (sfone coal or Welsh coal) is much less easily combustible than
either of the others, and since it yields but little gas when heated, it usually
burns with little flame or smoke. This variety of coal is so compact that it
will not usually burn in ordinary grates, but is much employed for furnaces.

53. Carbon is capable of combining with oxygen in two proportions,
forming the compounds known as carbonic oxide and carbonic acid, the
composition of which is shown in the following table :—

Oxides of Carbon.
Parts by weight.
C (0)
Carbonic oxide, . . . CoO, 6 8
Carbonic acid, . . . Co,, 6 16

CARBONIC AcCID.

54. It has been already mentioned that carbonic acid is a component of
the atmosphere, which usually contains about four volumes of carbonic acid
in 10,000 volumes of air. This carbonic acid is chiefly formed by the opera-
tion of the atmospheric oxygen in supporting combustion and respiration.

All substances used as fuel contain a large proportion of carbon, which,
in the act of combustion, combines with the oxygen, and escapes into the
atmosphere in the form of carbonic acid.

In the process of respiration, the carbonic acid is formed from the
carbon contained in the different portions of the animal frame to which
oxygen is conveyed by the blood, having been taken up by the latter in
passing through the lungs, where it gives out, in exchange for the oxygen,
a quantity of carbonic acid produced by the union of a former supply of
oxygen with the carbon of the different organs to which the blood is
supplied, and which, as they are constantly corroded and destroyed by this
oxidising action of the blood, are repaired by the supply of food taken
into the body. This conversion of the carbon of the organs into carbonic
acid will be again referred to ; it will be at once evident that it must be
concerned in the maintenance of the animal heat.

* The ash of coal consists chiefly of silica, alumina, and peroxide of iron.
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The leaves of plants, under the influence of light, have the power of
decomposing the carbonic acid of the atmosphere, the carbon of which is
applied to the production of vegetable compounds forming portions of the
organism of the plant, and when this dies, the carbon is restored, after
a lapse of time more or less considerable, to the atmosphere, in the same
form, namely, that of carbonic acid, in which it originally existed there.
If the plant should have been consumed as food by animals, its carbon
will have been eventually converted into carbonic acid by respiration ;
the use of the plant as fuel, either soon after its death (wood), or after
the lapse of time has converted it into coal, will also consign its carbon
to the air in the form of carbonic acid. Even if the plant be left to decay,
this process involves a slow conversion of its carbon into carbonic acid
by the oxygen of the air.* ‘

Putrefaction and fermentation are also very important processes con-
cerned in restoring to the air, in the form of carbonic acid, the carbon
contained in dead vegetable and animal matter. Although, in a popular
sense, these two processes are distinct, yet their chemical operation is of
the same kind, consisting in the resolution of a complex substance into
simpler forms, produced by contact with some other substance in a state of
chemical change. The discussion of the true nature of the process (which
is even now somewhat obscure) would be premature at this stage, and it
will suffice for the present to state that carbonic acid is one of the simpler
forms into which the carbon is converted by the metamorphosis which
ensues so quickly upon the death of animals and vegetables.

The production of carbonic acid in combustion, respiration, and fermentation may
be very easily proved by experiment. If a dry bottle be placed over a burning wax
taper standing on the table, the sides of the bottle will
be covered with dew from the combustion of the hydrogen
in the wax ; and if a little clear lime-water be shaken in
the bottle, the milky deposit of carbonate of lime will
indicate the formation of carbonic acid.

By arranging two bottles, as represented in fig. 66, and
inspiring through the tube A, air will bubble through the
lime-water in B, before entering the lungs, and will then
be found to contain too little carbonic acid to produce a
milkiness, but on expiring the air it will bubble through
C, and will render the lime-water in this bottle very dis-
tinctly turbid.

If a little sugar be dissolved in eight or ten times its
weight of warm (not hot) water, in the flask A (fig. 57),
and a little dried yeast previously rubbed down with water
. added, fermentation will commence in the course of an hour

- or less, and carbonic acid may be collected in the jar B.

55, In the mineral kingdom, free carbonic acid
is pretty abundant. The gas issues from the earth
in some places in considerable quantity, as at Nauheim, where there is
said to be a spring exhaling about 1,000,000 lbs. of the gas annually.
Many spring waters, those of Seltzer and Pyrmont, for exaniple, are very
highly charged with the gas.

Fig. 56.

* In the dark, according to Boussingault, Sla.nta evolve carbonic acid. He found that
a square metre (39-37 sq. inches) of oleander leaves decomposed, in sunlight, on an
average, 1108 litre (67-6 cubic inches) of carbonic acid every hour; whilst the same extent
of leaf, in the dark, emitted 0-07 litre (4:27 cubic inches) of carbonic acid in the hour.
Ev«le:’ under 3he influence of light, flowers have been found to absorb oxygen and evolve
carbonic acid.
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But it occurs in far larger quantity in a state of combination with lime,
forming the immense deposits of limestone, marble, and chalk, which
compose so large a portion
of the crust of the globe.
Carbonate of lime is also
met with in the ani-
mal kingdom. Fish shells
and pearls contain about
two-thirds of their weight
of this substance, whilst
egg-shells contain as much
as nine-tenths of carbonate
of lime.

The expulsion of the
carbonic acid from lime-
stone (CaO.CO,) forms
the object of the process
of lime burning, by which g
the large supply of lime Fig. 57.

(Ca0) is obtained for build-

ing and other purposes. But if it be required to obtain the carbonic acid
without regard to the lime, it is better to decompose the carbonate of -
lime with an acid.

Preparation of carbonic acid.—The form of the carbonate of lime, and
the nature of the acid employed, are by no means matters of indifference.
If dilute sulphuric acid be poured upon fragments of marble, the effer-
vescence which occurs at first soon ceases, for the surface of the marble
becomes coated with the nearly insoluble sulphate of lime, by which it is
protected from the further action of the acid—

Ca0.CO, + HO.SO, = Ca0.S0, + HO + CO,

Marble. Sulphuric acid. Sulphate of lime.

if the marble be finely powdered, or if powdered chalk be employed, each
particle of the carbonate of lime will be acted upon. When lumps of
carbonate of lime are acted upon by hydrochloric acid, there is no danger
that any will escape the action of the acid, for the chloride of calcium
produced is one of the most soluble salts—

Ca0.CO, + HCI = CaCl + HO + CO,
Marble. Hydrochloric scid.  Chioride o

For the ordinary purposes of experiment,
carbonic acid is most easily obtained by the
action of diluted hydrochloric acid upon
small fragments of marble (fig. 58), the lat-
ter being covered with water, and hydro-
chloric acid poured in through the funnel-
tube. The gas may be collected by down-
ward displacement.

56. Properties of carbonic acid.—Car-
bonic acid gas is invisible, like the gases - .
already examined, but is distinguished by Fig. 53'—1)“1‘::?;‘“ of carbonic
a peculiar pungent odour, as is perceived )
in soda-water. It is more than half as heavy again as atmospheric air,

E
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its specific gravity being 1:529, which causes its accumulation near the
floor of such confined spaces as the Grotto del Cane, where it issues from
fissures in the rock.

The high specific gravity of carbouic acid may be shown by pouring it into a light
jar attached to a balance, and counterpoised by a weight in the opposito ecale
(fig. 69).

Fig. 59.

Another favourite illustration consists in floating a soap-bubble on the surface of a
layer of the gas generated in the large jar (fig. 60), by pouring diluted sulphuric
acid upon a few ounces of chalk made into a thin cream with water.

Fig. 61.

If a small balloon, made of collodion be placed in the jar A (fig. 61), it will
on the ndmission of carbonio acid thronghl;he tul;: B.l ¢Jar & (. 61y, it will aseond
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The power which carbonic acid possesses of extinguishing flame is
very important, and has received practical application in the case of burn-
ing mines which must otherwise have _
been flooded with water.* Many at- :
tempts have also been made from time
to time to employ this gas for subdu-
ing ordinary conflagrations, but their
success has hitherto been very partial.
It will be remembered that pure nitro-
gen is also capable of extinguishing
the flame of a taper, but a large pro-
portion of this gas may be present in
air without affecting the flame, whereas
a taper is extinguished in air contain-
ing one-eighth of its volume of car-
bonic acid, and is sensibly diminished
in brilliancy by a much smaller pro-
portion of the gas.

The power of extinguishing flame, con-
joined with the high density of carbonic
acid, admit of some very interesting illus-
trations.

Carbonic acid may be poured from some distance upon a candle, and will extin-
guish it at once.

A large torch of blazing tow may be plunged beneath the surface of the carbonic
acid in the jar, fig. 60.

Carbonic acid may be raised in a glass bucket (fig. 62) from a large jar, and
poured into another jar the air in which has been -
previously tested with a taper.

A wire stand with several tapers fixed at different
levels may be placed in the jar A, fig. 63, and car-
bonic acid gradually admitted through a fiexible
tube connected with the neck of the jar, from the
cistern B, a hole in the cover of which allows air
to enter it as the gas flows out; the flame of each
taper will gradually expire as the surfuce of the car-
bonic acid rises in the jar.

A jar of oxygen may bo placed over a jar of car-
bonic acid, as shown in fig. 15, and a taper let down
through the oxygen, in which it will burn bril-
liantly, into the carbonic acid, which extinguishes
it, and if it be quickly raised again into the oxygen,
it will rekindle with a slight detonation. This al-
ternate extinction and rekindling may be repeated
several times.

On account of this extinguishing power of
carbonic acid, a taper cannot continue to burn Fig. 63.
in a confined portion of air until it has ex-
hausted the oxygen, but only until its combustion has produced a suffi-
cient quantity of carbonic acid to extinguish the flame.

To demonstrate this, advantage may be taken of the circumstance that phos-
phorus will continue to burn in spite of the presence of carbonic acid. Upon the
stand A (fig. 64) a small piece of phosphorus is placed, and a taper is attached

® All gases which take no in combustion may extinguish flame, even in the
presence of air, by absorbing m and reducing the temperature below the burning-
Joint.

E2
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to the stand by a wire. The cork B fits air-tight into the jar, and carries a piece
of copper wire bent so that it may be heated by the flame of the taper. A little
water is poured into the plate to prevent the entrance
of any fresh air. If the taper be kindled, and the jar
placed over it, the flame will soon die out, and on morv-
ing the jar so that the hot wire may touch the phos-
phorus, its combustion will show that a considerable
amount of oxygen still remains.

In the same manner, an animal can breathe a
confined portion of air only until he has charged
it with so much carbonic acid that the hurtful

Fig 64. effect of this gas begins to be felt, a considerable
quantity of oxygen still remaining.

If the air contained in the jar A (fig. 65) standing over water be breathed two
or three times through the tube B, a prinful sense of oppression will soon be felt in
consequence of the accumulation of car-
bonic acid. By immersing a deflagrating
spoon C, containing a piece of burning phos-
phorus, and having a lighted taper attached,
it may be shown that although there
is enough carbonic acid to extinguish the
taper, the oxygen is not exhausted, for the
phosphorus continues to burn rapidly.

Carbonic acid is not poisonous when
taken into the stomach, but acts most
injuriously when breathed, by offering
an obstacle to that escape of carbonic
acid, by diffusion, from the blood of
the venous circulation in the lungs,
and its consequent replacement by the
oxygen necessary to arterial blood.
Any hindrance to this interchange
must impede respiration, and such
hindrance would, of course, be afforded
by carbonic acid present in the air
inhaled, in proportion to its quantity.' ’:l'he di!fference in constitution and
temperament in individuals, makes it impossible tleat any exact .gene.r.al
rule should be laid down as to the precise quan.tlty. of carb'omc acid
which may be present in air without injury to respiration, but it may be
safely asserted that it is not advisable to breathe for any length of time
in air containing more than yg%yth (0'1 per cent.) of its volume of car-
bonic acid. . . .

There appears to be no immediate danger, however, until the carbonic
acid amounts to gyth (0-5 per cent.), when most persons are attacked by
the languor and headache attending the action of this gas. A larger pro-
portion of carbonic acid produces insensibility, and air containing yyth of
its volume of carbonic acid causes suffocation. The danger in entering old
wells, cellars, and other confined places, is due to the accumulation gf
this gas, either exhaled from the earth or produced by decay of organic
matter. The ordinary test applied to such confined air by introducing a
candle is only to be depended upon if the candle burns as brightly in the
confined space as in the external air ; should the flame become at all dim,
it would be unsafe to enter, for cxperience has shown that combustion
may continue for some time in an atmosphere dangerously charged with
carbonic acid.

Fig. 65.



PRINCIPLES OF VENTILATION. 69

The accidents from choke damp and after damp in coal mines, and
from the accumulation in brewers’ and distillers’ vats of the carbonic acid
resulting from fermentation, are also examples of the fatal effect of this
gas.

The air issuing from the lungs of a man at each expiration contains
from 35 to 4 volumes of carbonic acid in 100 volumes of air, and could not,
therefore, be breathed again without danger. The total amount of car-
bonic acid evolved by the lungs and skin amounts to about 07 cubic foot
per hour. In order that it may be breathed again without inconvenience
this should be distributed through 140 cubic feet of fresh air, or a
space measuring 52 feet each way. Hence the necessity for a constant
supply of fresh air by ventilation, to dilute the carbonic acid to such an
extent that it may cease to impede respiration. This becomes the more
necessary where an additional quantity of carbonic acid is supplied by
candles or gas-lights. Two ordinary gas-burners, each consuming three
caobic feet of gas per hour, will produce as much carbonic acid as one man.
Fortunately, a natural provision for ventilation exists in the circumstance
that the processes of respiration and combustion, which contaminate the
air, also raise its temperature, thus diminishing its specific gravity by
expansion, and causing it to ascend
and give place to fresh air. Hence
the vitiated air always accumulates
near the ceiling of an apartment, and
it becomes necessary to afford it an
outlet by opening the upper sash of
the window, since the chimney ven.
tilates immediately only the lower
part of the room.

These principles may be illustrated by
some very simple experiments.

Two quart jars (fig. 66) are filled with
carbonic acid, and after being tested with
a taper, a 4 oz. flask is lowered into each, one flask containing cold and the other
hot water. After a few minutes, the jar with the cold flask will still contain enough
carbonic acid to extinguish the taper, whilst the air in
the other jar will support combustion brilliantly.

A tall stoppered glass jar (fig. 67) is placed over a stand,
upon which three lighted tapers are fixed at different
heights. The vitiated air, rising to the top of the jar,
will extinguish the uppermost taper first, and the others
in succession. By quickly removing the stopper and
raising the jar a little before the lowest taper has expired,
tbe jar will be ventilated and the taper revived.

A similar jar (fig. 68), with a glass chimney fixed into
the neck through a cork or piece of vulcanised tubing, is
placed over a stand with two tapers, one of which is near
the top of the jar, and the other beneath the aperture
of the chimney; if a crevice for the eutrance of air be
left botween the jar and the table, the lower taper will ~5= =y
continue to burn indefinitely, whilst the upper one will —
soon l:ie extinguished by the carbonic acid accumulating Fig. 67.
around it

In ordinary apartments, the incidental crevices of the doors and windows
are depended upon for the entrance of fresh air, whilst the contaminated
air passes out by the chimney, but in large buildings special provision
must be made for the two air currents. In mines this becomes the more
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necessary, since the air receives much additional contamination by the
gases (mnarsh-gas and carbonic acid) evolved from the workings, and by
the smoke occasioned in blasting with gunpowder.
Mines are generally provided with two shafts for
ventilation, under one of which (the upcast shaft)
a fire is maintained to produce the upward current,
which carries off the foul air, whilst the fresh air
descends by the other (dowwcast shaft). The cur-
rent of fresh air is forced by wooden partitions to
. divide itself, and pass through every portion of the
workings.

.= The operation of such provisions for ventilation is easily
e exhibited.

A tall jar (fig. 69) is fitted with a ring of cork, carrying

. a wide glass chimney (A). If this be placed over a taper

Fig. 68. standiug in a plate of water, the accumulation of vitiated

air will soon extinguish the taper; but if a second chimney

(B), supported in a wire ring, be placed within the wide chimney, fresh air will

enter through the interval between the two, and the smoke from a piece of brown
paper will demonstrate the existence of the two currents, as shown by the arrows.

A small box (fig. 70) is provided with a glass chimney
at each end. In ono of these (B), representing the upcast
shaft, a lighted taper is suspended. A picce of smoking
brown paper may be held in each chimney to show the
direction of the current. On closing A with a glass
plate, the taper in B will be extinguished, the entrance
of fresh air being prevented. By breathing gently into
A the taper will also be extinguished. The experiment
may bo varied by pouring carbonic acid and oxygen
alternately into A, when the taper will be extinguished
and rekindled by turns.

A pint bell-jar (fig. 71) is placed over a taper standing
in a tray of water. If a chimney (a common lamp-glass)
be placed on the top of the jar, the flame of the taper
will gradually die out, because no provision exists for
~ the cstablishment of tho two currents, but on dropping

. o piece of tin-plate or card-board into the chimney, so
" as to divide it, the taper will be revived, and the ¥moke
from the brown paper will distinguish the upcast from the
downcast shaft.

If a little water be poured into a wide-mouthed hottle of carbonic

acid, and the bottle be then firmly closed by the palm of the hand,

it will be found, on shaking the bottle

t | violently, that the carbonic acid is

) - absorbed, and the palm of the hand

is sucked into the bottle. The pre-

sence of carbonic acid in the solution

may be proved by pouring it into

lime-water, in which it will produce a

precipitate of carbonate of lime, re-

dissolved by a further addition of the
solution of carbonic acid.

One pint of water shaken in a vessel
containing carbonic acid gas, at the
ordinary pressure of the atmosphere, will dissolve about one pint of the
#as, equal in weight to nearly 16 grains. If the carbonic acid be confined
in the vessel under a pressure equal to twice or thrice that of the atmo.

Fig. 70.
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sphere—that is, if twice or thrice the quantity of carbonic acid be com-
pressed into the same space, the water will still dissolve one pint of the
gas, but the weight of this pint will now be twice
or thrice that of the pint of uncompressed gas, so
that the water will have dissolved 32 or 48 grains of
the gas, accordingly as the pressure had been doubled
or trebled. As soon, however, as the pressure is
removed, the compressed carbonic acid will resume
its former state, with the exception of that portion
which the water is capable of retaining in solution
under the ordipary pressure of the atmosphere.
Thus, if the water had been charged with carbonic
acid under a pressure equal to thrice that of the
atmosphere, and had therefore absorbed 48 grains
of the gas, it would only retain 16 grains when the
pressure was taken off, allowing 32 grains to escape
in minute bubbles, producing the appearance known Fig. 71.

as effervescence. 'This affords an explanation of the

propertics of soda-water, which is prepared by charging water with
carbonic acid gas under considerable pressure, and rapidly confining it
in strong bottles. As soon as the resistance offered by the cork to the
expansion of the gas is removed, the excess of the carbonic acid, above
that which it can hold in solution at the ordinary pressure of the air,
escapes with effervescence. In a similar manner, the waters of certain
springs become charged with carbonic acid, under high pressure, beneath
the surface of the earth, and when, upon their rising to the surface, this
pressure is removed, the excess of carbonic acid escapes with effervescence,
giving rise to the sparkling appearance and sharp flavour which renders
spring water so agreeable. On the other hand, the waters of lakes and
rivers are usually flat and insipid, because they hold in solution so small
a quantity of uncombined carbonic acid.

The sparkling character of champagne, bottled beer, &c., is due to the
presence in these liquids of a quantity of carbonic acid which has been
generated by fermentation, subsequent to bottling, and has therefore been
retained in the liquid under pressure. In the case of Seidlitz powders
and soda-water powders, the effervescence caused by dissolving them
in water is due to the disengagement of carbonic acid, caused by
the action of the tartaric acid, which composes one of the powders,
upon the bicarbonate of soda, producing tartrate of soda and carbonic
acid gas. In the dry state these powders may be mixed without any
chemical change, but the addition of water immediately causes the effer-
vescence.

The solubility of carbonic acid in water is of great importance in the
chemistry of nature; for this acid, brought down from the atmosphere
dissolved in rain, is able to act chemically upon rocks, such as granite,
which contain alkalies—the carbonic acid combining with these, and thus
slowly disintegrating or crumbling down the rock, an cffect much assisted
by the mechanical action of the expansion of freczing water in the inter-
stices of the rock. It appears that soils are thus formed by the slow
degradation of rocks, and when these soils are capable of supporting
plants, the solution of carbonic acid is again of service, not only as a
direct food, by providing the plant with carbon through its roots, but as
a solvent for certain portions of the mineral food of the plant (such as
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phosphate of lime), which pure water could not dissolve, and which the
plant cannot take up except in the dissolved state.

57. Although carbonic acid retains its state of gas under all tempera-
tures and pressures to which it is commonly exposed, it is capable of
assuming the liquid and even the solid state.

‘When exposed to a pressure of 38-5 atmospheres (5775 lbs. upon the
square inch) at 32° F., carbonic acid condenses to a colourless liquid of
sp. gr. 0'83 (water=1), and at a temperature of —70° F. (70° below the
zero, or 102° below the freezing point, F.), becomes a transparent mass of
solid carbonic acid resembling ice. :

A small specimen of liquid carbonic acid is easily prepared. A strong tube of
green glass (A, fig. 72) is selected, about 12 inches long, # inch diameter in the
bore, and ¢4 inch thick in the

a walls. With the aid of the

— —) blowpipe flame this tube is

softened and drawn off at
n about an inch from one end,
< D as at B, which is thus cloeed
(C). This operation should
be performed slowly, in order
c D that the closed end may not
be much thinner than the
walls of the tube. When the
tube has cooled, between 30
and 40 grs. of powdered bi-
carbonate of ammonia (ordi-
nary sesquicarbonate which
has crumbled down) are
tightly rammed into it with
a glass rod. This part of the
tube is then surrounded with
a few folds of wet blotting-
paper to keep it cool, and the
tube is bent, just beyond the
carbonate of ammonia, to a
somewhat obtuse angle (D).
Fig. 72. The tube is then softened at
about an inch from the open
end, and drawn out to a narrow neck (E), through which a measured drachm of oil
of vitriol is poured down a funnel-tube, 8o as not to soil the neck, which is then
carefully drawn out and sealed by the blowpipe flame, as at F. The empty space
in the tube should not exceed § cubic inch.

When the tube is thoroughly cold, it is suspended by strings in such a position
that the operator, having retired behind a screen at some distance, may reverse the
tube, allowing the acid to flow into the limb containing the carbonate of ammonia;
or the tube may be fixed in a box which is shut up, and reversed so as to bring the
tube into the required position.

If the tube be strong enough to resist the pressure, it will be found, after a few
hours, that a layer of liquid carbonic acid has been formed upon the surface of the
solution of sulphate of ammonia. By cooling the empty limb in a mixture of
pounded ice and salt, or of hydrochloric acid and sulphate of soda, the liquid acid
c;n behmade to distil itself over into this limb, leaving the sulphate of ammonia in
the other.

On a larger scale the gas is liquefied in iron vessels. The liquid carbonic acid
is employed for illustrating the laws of heat. When a jet of the liquid is allowed
to escape into the air, the evaporation of one portion absorbs enough heat to soli-
dify the remainder, which becomes a snow-like mass, evaporating rapidly when
expoaefl to air, with production of intemse cold. A mixture of the solid carbonic
acid with ether forms one of the most powerful frigorific mixtures, and has rendered
great service in the liquefaction and solidification of gases.

58, Carbonic acid may be separated from most other gases by the
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action of hydrate of potash, which absorbs it, forming carbonate of potash.
The proportion of carbonic acid is inferred either from the diminution in
volume suffered by the gas when treated with potash, or from the increase
of weight of the latter.

In the former case the gas is carefully measured over mercury (fig. 78). with due
attention to temperature and barometric pressure, and a little concentrated solution
of potash is thrown up through a curved
pipette or syringe, introduced into the
arifice of the tube beneath the surface of
the mercury. The tube is gently shaken
for a few seconds to promote the absorp-
tion of the gas, and, after a few minutes’
rest, the diminution of volume is read
off. Instead of solution of potash, damp
hydrate of potash in the solid state is
sometimes introduced, in the form of
small sticks or balls attached to a wire.
To determine the weight of carbonic
acid in a gaseous mixture, the latter is
passed through a bulb-apparatus (C, fig.
74), containing a strong solution of po-
tash, and weighed before and after the
pessage of the gas. When the propor-
tion of carbonic acid in the gas is small,
it is usual to attach to the bulb-appara-
tus a little tube, containing solid hydrate
of potash, or chloride of calcium, or
pumice-stone moistened with sulphuric
acid, for the purpose of retaining any
vapour of water which the large volume of unabsorbed gas might carry away in
peasing through the solution of potash.

59. Ultimate organic analysis.—It is necessary to determine in this
manner the weight of carbonic acid, in order to ascertain the proportion of
carbon present in organic substances. For this purpose, an accurately
weighed quantity (usually from seven to ten grains) of the organic substance
is very carefully mixed with some compound from which it can obtain
oxygen at a high temperature, such as oxide of copper (CuO) or chromate
of lead (PbO.CrO,), care being taken to employ a large excess of the
oxidising agent. The mixture is introduced into a combustion-tube of
German glass (which is free from lead and noted for its infusibility) of the
form shown in A, fig. 74. This tube is provided with a small tube B,

Fig. 74.—Apparatus for organic analysis.

containing chloride of calcium, which is connected by a tube of caoutchouc
with the potash-bulbs . On gradually heating the tube in a charcoal
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furnace, or over a properly constructed gas-burner, the hydrogen and carbon
contained in the organic substance are converted, respectively, into water
and carbonic acid, by the oxygen derived from the chromate of lead or oxide
of copper. The water is absorbed by the chloride of calcium in B, and the
increase of weight in this tube will indicate the quantity of water formed
in the combustion, whilst that of the potash bulbs will show the weight
of the carbonic acid. 'When the whole length of the tube is red hot, and
no more gas passes through the bulbs, the sealed point D of the tube is
broken off, and air drawn through by applying suction at E, in order to
sweep out the last traces of water and carbonic acid into the chloride of
calcium and potash. Sometimes the organic substance is heated in a little
platinum tray, placed within a glass tube, through which a stream of pure
oxygen is passed, the products of combustion being afterwards made to
pass over red-hot oxide of copper, to convert any carbonic oxide into car-
bonic acid, and collected for weighing as before.

When the organic substance contains carbon, hydrogen, and oxygen,
the weight of this last is inferred by subtracting the weights of the carbon
and hydrogen from that of the substance. Asan example of the ultimate
analysis of an organic substance, the results of an analysis of oxalic acid
are here given—

10 grs. of oxalic acid, dried at 212° F., gave 9:78 grs. of carbonic acid
and 2°00 grs of water.

co, C Co,
22 : 6 :: 978 : =z
2 =267 grs. of carbon in 10 grs. of oxalic acid.

HO H HO
9 : 1 :: 200 : y
y =022 gr. of hydrogen in 10 grs. of oxalic acid.

It having been ascertained by preliminary experiments that oxalic acid
contains only carbon, hydrogen, and oxygen, 10 (oxalic acid) minus 2-89
(carbon and hydrogen) = 7-11 grs. of oxygen in 10 grs. of oxalic acid.

It appears, therefore, that

10 grs. of oxalic acid contain
267 ,,  carbon,

022 ,, hydrogen, and
711 ,, oxygen.

Empirical and rational formule.—In order to deduce from these
numbers the chemical formula for oxalic acid, that is, the formula express-
ing the number of combining weights of each element, it will be necessary,
of course, to divide the weight of each element by the number represent-
ing its combining weight in the table at p. 2.

Thus 2——37 = 044 of a combining weight of carbon ;

O'T” =022 » » hydrogen ;

711
s 0-88 " “ oxygen.
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And the formula of oxalic acid might be written CuHuOs But as
fractions are not admissible in such a formula, it would be written
C H,O4 This, however, is only an empirical formula for oxalic acid,
that is, a formula which represents its composition only, without reference
to its constitution, i.e., to the absolute number of combining weights pre-
gent, and to the mode in which they are grouped or arranged within the
compound. A formula professing to give such information would be
termed a rational formula, and can only be arrived at by the careful study
of the relation of the substance under examination to others of which the
combining weights are certainly known. Thus, it is found that one com-
bining weight (47 parts) of potash requires 45 parts of dry oxalic acid to
neutralise it and form the oxalate of potash. Hence it is reasonable to
regard 45 as the combining weight of dry oxalic acid. Since the above
analysis has proved this quantity of oxalic acid to contain 12 (two com-
bining weights) of carbon, 1 (one combining weight) of hydrogen, and 32
(four combining weights) of oxygen, the formula would be written
C,HO,. In determining whether this formula represents only one group-
ing of the elements, or whether it contains two or more groups in com-
bination, the chemist is guided by the results of a more minute study
3: the decompositions which the compound undergoes under varied con-
itions.

60. Salts formed by carbonic acid.—Although so ready to combine with
the alkalies and alkaline earths (as shown in its absorption by solution
of potash and by lime-water), carbonic acid must be classed among the
weaker acids. It does not neutralise the alkalies completely, and it may
be displaced from its combinations with bases by most other acids. Its
action upon the colouring matter of litmus is feeble and transient. Ifa
solution of carbonic acid in water be added to blue infusion of litmus, a
wine-red liquid is produced, which becomes blue again when boiled, losing
its carbonic acid; whilst litmus reddened by sulphuric, hydrochloric,
or nitric acid, acquires a brighter red colour, which is permanent on
boiling.

With each of the alkalies carbonic acid forms two well-defined salts,
the carbonate and bicarbonate. Thus, the carbonates of potash and soda
are represented by the formulze, KO. CO, and NaO . CO,, whilst the bicar-
bonates are KO. HO. 2C0O, and NaO.HO.2C0O, The existence of the
latter salts would favour the belief in the existence of a hydrate of carbonic
acid (HO . CO,), when they would become

KO.CO0,, HO. CO, and NaO. CO,, HO. C0,,

although no such combination of water with carbonic acid has yet
been obtained in the separate state. Perfectly dry carbonic acid gas
is not absorbed by pure quicklime (CaO), but when a little water is added
combination at once takes place. This supports the view entertained by
some chemists, that CO, is not an acid until it is associated with water,
and they therefore speak of it as carbonic anhydride, reserving the name
c}:;ébgsxc acid for the as yet undiscovered compound HO.CO, (or

The following are some of the principal carbonates which are found in
nature or employed in the arts :—
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i Chemical Name. Common Name. | Equivalent Formula Afo:i“;l;zwy
: .
' Carbonateof pot-, : | Potashes, pearl-ash KO . CO, K,66,
'B‘““”Ig'“ °f.; KO0.HO0.2c0, | KH.ee,
" Carbonate - .

soda | Weshing soda  }| ¥40-C0; Na,66,
Bicarbonate of| | Carbonate of soda | NaO.HO.2C0, | NaHE®
i ’ Smellings‘l salts
: uicarbonate | ) Preston salts .
ise:llunmom's (Ca.rbonzte of am-(  2NHs.2HO.3CO, 2[(H,N),€6,]€0, }
i monia |
: Carbonate of | { Limestone, chalk
* lime { Marble Ce0.Co, 6a€0,
‘ Basic carbonate| | Magnesia alba 3(1130 CO )
" of magnesia Magnesia i MgO. H : z 3MgE6,. MgH, 6,
Casbonate cf |} Spathic iron ore Feo.co, Fe€O,
Carbonate el Calamine Zn0. CO, Zu€o,
B‘:f‘“w;’e?“‘“ } Malachite { Cud - Cor | €u0. 1,6 €uco,
Baste oarbonate | White lead {3 a6 Co,). | 2pbe0,. Pb0. 1,0
Double carbon-| ¢ Dolomite

ate of lime {Magnesian lime-} Ca0.Mg0.2C0O, | Mg€a2€0,

and magnesia stone .

61. Analytical proof of the composition of carbonic acid.—Lavoisier appears to have
been the first to prove that carbonic acid was formed when carbon combined with
oxygen, but its composition was first analytically demonstrated by Smithson Ten-
nant, who beated carbonate of lime with phosphorus in a sealed glass tube, and
obtained phosphate of lime and carbon, the latter having parted with its oxygen to
convert the phosphorus into phosphoric acid.

A far easier method of demonstrating the compoeition of carbonic acid consists in
introducing a pellet of potassium into a bulb tube, through which a current of car-
bonic acid (dried by passing through oil of vitriol, or over chloride of calcium) is
flowing, and applying the heat of a spirit-lamp to the bulb; the metal will soon
burn in the gas, which it robs of its oxygen, leaving the carbon as a black mass upon
the bulb (fig. 76). The potash produced by the oxidation of the potassium enters
into combination with another portion of the carbonic acid, forming a white mass of
carbonate of potash, 8CO, + K, = 2(K0.CO,) + C. If slices of sodium be ar-
ranged in a test-tube in alternate layers with dried chalk (carbonate of lime), and
strongly heated with a spirit-lamp, vivid combustion will ensue, and much cubon
will be separated (Ca0 .CO, + Na, = CaO + 2NaO + C).

62. CaRrBOXNIC 0XIDE.—Other metals, however, which are not endowed
with so powerful an attraction for oxygen, do not carry the decomposition
of carbonic acid to its final limit ; thus, iron and zinc* at a high tempera-
ture will only deprive the gas of one-half of its oxygen, a result which may
also be brought about at a red heat by carbon itself. If an iron tube filled
with fragments of charcoal be heated to redness in a furnace (fig. 22), and
carbonic acid gas be transmitted through it, it will be found, on collecting
the gas which issues from the other extremlty of the tube, 'tha it has no

® Magnesium also reduces carbonic acid to carbonic oxide.
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longer the properties of carbonic acid, but that, on the approach of a taper,
14 takes fire, and burns with a beautiful blue lambent flame, similar to that
which is often observed to play over the surface of a clear fire. Both
flames, in fact, are due to the same gas, and in both cases this gas results

Fig. 75.

from the same chemical change, for in the tube the carbonic acid yields
half of its oxygen to the charcoal, both becoming converted into carbonic
oxide; CO, + C = 2CO. In the fire, the carbonic acid is formed by the
combustion of the carbon of the fuel in the oxygen of the air entering at
the bottom of the grate; and this carbonic acid, in passing over the layer
of heated carbon in the upper part of the fire, is partly converted into
carbonic oxide, which inflames when it meets with the oxygen in the air
above the surface of the fuel, and burns with its characteristic blue flame,
reproducing carbonic acid.

The carbonic oxide occupies twice the volume of the carbonic acid from
which it was produced.

This conversion of carbonic acid into carbonic oxide is of great import-
ance on account of its extensive application in metallurgic operations. It
is often desirable, for instance, that a flame should be made to play over
the surface of an ore placed on the bed or hearth of a reverberatory fur-
nace (fig. 76). This object is easily attained when the coal affords a large

Fig. 76.—Reverberatory farnace for copper smelting.

quantity of inflammable gas; but with anthracite coal, which burns with
very little flame, and is frequently employed in such furnaces, it is neces-
sary to pile a high column of coal upon the grate, so that the carbonic
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acid formed beneath may be converted into carbonic oxide in passing over
the heated coal above, and when this gas reaches the hearth of the fur-
nace, into which air is admitted, it burns with a flame which spreads over
the surface of the ore.

The attraction of carbonic oxide for oxygen is turned to account in
removing that element from combination with iron in its ores, as will be
seen hereafter.

Carbonic oxide is a gas of so poisonous a character that, according to
Leblanc, one volume of it diffused through 100 volumes of air totally
unfits it to sustain life ; and it appears that the lamentable accidents
which too frequently occur from burning charcoal or coke in braziers and
chafing-dishes in close rooms, result from the poisonous effects of the small
quantity of carbonic oxide which is produced and escapes combustion,
since the amount of carbonic acid thus diffused through the air is not
sufficient in many cases to account for the fatal result.

63. The knowledge of this poisonous character of carbonic oxide gave
rige, a few years since, to considerable apprehension when it was proposed
to employ this gas in Paris for purposes of illumination. The character
of the flame of carbonic oxide would appear to afford little promise of its
utility as an illuminating agent ; but that it is possible so to employ it is
casily demonstrated, by kindling a jet of the gas which has been passed
through a wide tube containing a little cotton moistened with rectified
coal naphtha (benzole), when it will be found to burn with a very luminous
flame. The carbonic oxide destined to be employed for illuminating pur-
poses was prepared by passing steam over red-hot coke or charcoal, when
a highly-inflammable gas was obtained, containing carbonic acid, carbonic
oxide, and hydrogen—

4HO + C, = CO, + 2CO + H,

Since neither hydrogen nor carbonic oxide burns with a luminous flame,
this gas was next passed into a vessel containing red-hot coke, over which
melted resin was allowed to trickle. The action of heat upon the resin
gave rise to the production of vapours similar to that of the benzole em-
ployed in the above experiment, and which, in like manner, conferred
considerable illuminating power upon the gas.

The decomposition of steam by red-hot carbon is also taken advantage
of in order to procure a flame from anthracite coal when employed for
heating boilers. The coal being burnt on fish-bellied bars, beneath which
a quantity of water is placed, the radiated heat converts the water into
steam, which is carried by the draught into the fire, where it furnishes
carbonic oxide and hydrogen, both capable of burning with flame under
the bottom of the boiler. The temperature of the bars is also thus reduced,
so that they are not so much injured by the intense heat of the glowing
fuel.

64. Carbonic oxide, unlike carbonic acid, is a permanent gas, and nearly
insoluble in water. It is even lighter than air, its specific gravity being
0:967. In its chemical relations it is an indifferent oxide, that is, it has
neither acid nor basic properties.

66. A very instructive process for obtaining carbonic oxide, consists in heating
crystallised oxalic acid with three times its weight of oil of vitriol. If the gas be
collected over water (fig. 77), and one of the jars be shaken with a little lime-
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water, the milkiness imparted to the latter will indicate abundance of car-
bonic acid ; whilst, on removing
the glass plate, and applying a
light, the carbonic oxide will
burn with its characteristic blue
flame. The gas thus obtained
i3 a mixture of equal volumes
of carbonic oxide and carbonic
acid gases. Crystallised oxalic
acid is represented by the for-
mula C,HO, . 2Aq., and if the
water of crystallisation be left
out of consideration, its decom-
position may be represented by
the equation—

C,HO, = HO + CO + CO,,

the change being determined by Fig. 77.

the attraction of the oil of vitriol

for water. To obtain pure carbonic oxide, the mixturo of gases must be passed

through a bottle containing solution of potash, to absorb the carbonic acid (fig. 78).
But pure carbonic oxide is much more easily obtained by the action of four parts

of oil of vitriol upon one part of crystallised ferrocyanide of potassium (yellow prus-

Fig. 78.--Preparation of carbonic oxide.

sinte ot potash) at a moderate heat, the lamp being removed as soon as the effer-
vescence begins to take place. Since the gas contains, especially at the commence-
ment, swall incidental quantities of sulphurous and carbonic acids, it must be passed
through solution of potash if it be required perfectly pure. The chemical change
which occurs in this process is expressed thus:—

K,C,Nj;Fe + 6HO + 6(HO.S80y) = 6CO + 2(KO.SOy)

Ferrocyanide of potassium. Sulphate of potash.
+ 8(NH,.HO.80,) + FeO.S0,
Sulphate of i Sulphate of iron.

66. To demonstrate the production of carbonic acid during the combustion ot
carbonic oxide, a jar of the gas is closed with a glass plate, and after placing it upon
the table, the plate is slipped aside and a little lime-water quickly poured into the
jar. On shaking, no milkiness indicative of carbonic acid should be perceived.
The plate is then removed, and the gas kindled. On replacing the plate and
shaking the jar, an abundant precipitation of carbonate of lime will take place.
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When carbonic oxide is passed through a red-hot porcelain tube, a portion of it is
decomposed into carbonic acid and carbon; and when the experiment is conducted
without special arrangements, the carbonic oxide is reproduced as the temperature
of the gas falls. But by passing through the centre of the porcelain tube a brass
tube, through which cold water is kept running, the decomposition has been demon-
strated by the deposition of carbon upon the cooled tube, and by collecting the car-
bonic acid formed.

Carbonic acid is also decomposed by intense heat into carbonic oxide and oxygen;
but if these gases be allowed to cool down slowly in contact, they recombine. The
gas drawn from the hottest region of a blast-furnace (see 1roN), and rapidly cooled,
80 a8 to prevent recombination, was found to contain both carbonic oxide and oxygen.

By passing a pellet of phosphorus up into carbonic acid, over mercury, in a
eudiometer, and passing electric sparks for some days, the gas has been entirely
decomposed, an equal volume of carbonic oxide being left.

The reducing action of carbonic oxide upon metallic oxides, at high temperatures,
may be illustrated by passing the pure gas from a bag or gas-holder (A, fig. 79), first
through a bottle of lime-water (B) to prove the absence of carbonic acid, then over

Fig. 79.—Reduction of oxide of copper by carbonic oxide.

oxide of copper, contained in the tube C, and afterwards again through lime-water
in D. When enough gas has been passed to expel the air, heat may be applied to
the tube by the gauze-burner E, when the formation of carbonic acid will be im-
mediately shown by the second portion of lime-water, and the black oxide of copper
will be reduced to red metallic copper.

If precipitated peroxide of iron ﬁe substituted for oxide of copper, iron in the state
of black powder will be left, and if allowed to cool in the stream of gas, will take fire
when it is shaken out into the air, becoming reconverted into the peroxide (iron
pyrophorus).

67. Composition by volume of carbonic oxide and carbonic acid.—When
carbon burns in oxygen, the volume of the carbonic acid produced is
exactly equal to that of the oxygen, so that one volume of oxygen fur-
nishes one volume of carbonic acid gas.

If from the weight of one volume (specific gravity) of carbonic acid
(1-529) there be deducted the weight (1:105) of one volume of oxygen, the
remainder (*424) will represent the weight of carbon contained in one
volume of carbonic acid ; and if it be assumed that this carbon, were it
possible to convert it into vapour, would occupy a volume equal to that of
the oxygen (one volume), the number ‘424 would represent the specific
gravity of the hypothetical vapour of carbon, and one volume of carbonic
acid would be regarded as containing one volume of carbon vapour, com-
bined with one volume of oxygen.
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When one volume of carbonic acid (containing one volume of oxygen)
is passed, over heated carbon, it yields two volumes of carbonic oxide ;
hence two volumes of this gas contain one volume of oxygen.

The weight of one volume (specific gravity) of carbonic oxide

is 0-967, and the weight of two volumes, therefore, . 1934
Deduct from this the weight of one volume of oxygen, 1-105

And the remainder, . ‘829
represents the weight of carbon contained in two volumes of carbonic
oxide. It was calculated above that ‘424 expressed the weight of one
volume of carbon vapour,—hence, allowing for errors in determining the
specific gravities of the gases, ‘829 may be taken to represent two volumes
of carbon vapour, and carbonic oxide to contain, in two volumes, one
volume of oxygen, combined with two volumes of the imaginary vapour
of carbon.

This calculation is much simplified if hydrogen be made the unit of specific
gravity, instead of atmospheric air :—

Specific gravity (to H) of CO,, i.c., weight of one volume, . 22
Specific gravity (to H), or weight of one volume, of O, . . 16

Weight of carbon in one volume of CO,, or assumed apeciﬂc% 6
gravity (to H) of carbon vapour, . . . .

Specific gravity (to H), or weight of one volume, of CO, 14
Weight of two volumes of CO, . . . . .
v one volume of O, . . . . . . 16

Weight of carbon in two volumes of CO, or assumed 12
weight of two volumes of carbon vapour, .

68. Combining weight of carbonic acid.—It will be remembered that
in the decomposition of water by potassium (p. 23), 39 grs. of that metal
displaced 1 gr. of hydrogen, combining with the 8 grs. of oxygen to form
47 grs. of potash (KO), whence 39 was termed the equivalent (to one of
hydrogen) or combining weight of potassium, and 47 would represent the
combining weight of potash. These 47 grs. of potash are found by ex-
periment to combine with 22 grs. of carbonic acid, so that the number 22
may be taken for the combining weight of that acid.* Since it has been
ascertained that in 22 parts of carbonic acid there are 6 parts of carbon,
united with 16 of oxygen, and that, in carbonic oxide, the 6 parts of
carbon are united with 8 parts of oxygen, the number 6 may be taken to
represent the combining weight of carbon, or the weight equivalent to
one of hydrogen.

If 8 parts by weight of oxygen be represented as occupying one volume
(aee p. 36), then the 11 parts of carbonic acid furnished by it would also
occupy one volume, and one equivalent (22 parts) of carbonic acid would
occupy two volumes, and would contain two volumes of imaginary carbon
vapour, and two volumes of oxygen.

* It is true that 47 grs. of potash may also combine with 44 iﬂ of carbonic acid (simul-
taneously, however, with 9 grs. of water), but the compound (bicarbonate of potash) thus
formed 80 easily loses one-half of its carbonic acid, that it is more natural to regard it as
eantaining two combining weights of the acid.

F
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The following table would then represent the equivalents and composi-
tion of carbonic oxide and carbonic acid : — .

'3 %"é By Weight. g E By Volume.
53 B3
.g g c 0 g~ c 0
Carbenic oxide, | CO 14 6 8 2 2 1
Carbonic acid, CO, 22 6 16 2 2 2

69. The atomic weight (see p. 36) of carbon is generally assumed to be
12, though, in consequence of the impossibility of determining the weight
of one volume of carbon vapour by experiment, the chemist is compelled
to surrender himself in this matter to the guidance of analogy and purely
theoretical considerations.

The molecular formule of carbonic oxide and carbonic acid would then
become—

|
] By Welght. - By Volume. '
i i i |
S sB c 0 s> c 0 l

Carbonic oxide, €0 28 12 16 2 1 1
Carbonic acid, 57%) 44 12 32 2 1 2

CompounDs OF CARBON AND HYDROGEN.

70. No two elements are capable of occurring in so many different
forms of combination as carbon and hydrogen. The Aydrocarbons, as
their compounds are generally designated, include most of the inflammable
gases which are commonly met with, and a great number of the essential
oils, naphthas, and other useful substances. There is reason to believe
that all these bodies, even such as are found in the mineral kingdom,
have been originally derived from vegetable sources, and their history
belongs, therefore, to the department of organic chemistry. The three
simplest examples of such compounds will, however, be brought forward
in this place, to afford a general insight into the mutual relations of these
two important elements. Their names and composition are—

N Parts by Welght.
Formule.* c I

|
Acetylene, . . CH, 24 2
Marsh-gas, . . “C,H, 12 4
Olefiant gas, . CH, 24 4

® The reasons why these formule should not be written respectively CH, CH,, and
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71. Acetylene.*—When very intensely heated, carbon is capable of
combining with hydrogen to form acetylene. The requisite heat is pro-
cured by means of a powerful galvanic battery, to the terminal wires of
which two pieces of dense carbon are attached, and the voltaic discharge is
allowed to take place between them in an atmosphere of hydrogen. The
experiment possesses little practical importance, because but little acety-
lene is formed in proportion to the force employed, but its theoretical
interest is very great, since it is the first step in the production of organic
substances by the direct synthesis of mineral elements ; acetylene (C,H,)
being convertible into olefiant gas (C,H,), this last into alcohol (C H,O,),
and alcohol into a very large number of organic products.

Acetylene is constantly found among the products of the incomplete
combustion and destructive distilla-
tion of substances rich in carbon,
hence it is always present in small i
quantity in coal-gas, and may be pro-
duced in abundance by passing the
vapour of ether through a red-hot
tube. The character by which acety-
lene is most easily recognised is that
of producing a fine red precipitate in
an ammoniacal solution of cuprous
chloride (subchloride of copper).

The most convenient procees for pre-
paring a quantity of this precipitate, is
that in which the acetylene is produced
by the imperfect combustion taking place
when a jet of atmospheric air is allowed
to burn in coal-,

An adapter (A, fig.'80) is connected at
its narrow end with the pipe supplying
coal-gas. The wider opening is closed by &
bung with two holes, one of which receives
s piece of brass tube (B) about three-
quarters of an inch wide and seven inches
long, and in the other is inserted a glass = TA
tabe (C)rwhich ez:l.duc}: tho; (g]l;t; to 'It‘ge ki
bottom of a nne . 0 i J— i
lower openinme"l:grass tube B is closed Fig. 80.—Preparation of cup
with a cork, through which passes the glass tube E connected with a gas-holder or bag
containing atmospheric air. To commence the operation, the gas is turned on
through the tube F, and when all air is supposed to be expelled, the tube E is with-
drawn together with ita cork, and a light is applied to the lower opening of the
brass tube, the supply of coal-gas being so regulated that it shall burn with a small
flame at the end of the tube. A feeble current of air is then allowed to issue from
the tube E, which is passed up through the flame into the adapter, where the jet
of air continues to burn in the coal-gas,t and may be kept burning for hours with

CH, which would, of course, agree equally well with the results of analysis, will appear

The molecular formule would be—

Acetylene, ©6,H, = 2 vols.

Marsh-gas, G'H. = 2 vols.

Olefiant gas, 6,H, = 2 vols.
where € = 12.

* Long known as klumene, having been obtained in 1836 by the action of water upon a
compound containing carbon and potassium, tBl'oduced during the preparation of that
metal. The name acetylene is derived from the hypothetical radical acetyle (CH,), to
which acetylene bears the same relation as ethylene (C,H,) does to ethyle (C Hj,).

4 1t is advisable to attach a piece of thin platinum wire to the mouth of the glass tube,
ts render the flame of the air more visible.

F2

rous acetylide.
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a little attention to the proportions in which the gas and air are supplied. A solu-
tion of subchloride of copper in ammonia is poured into the separating funnel
through the lateral opening G, so that the imperfectly burnt gas may pass through
it, when the cuprous acetylide is precipitated in abundance. When a sufficient
quantity has been formed, or the copper solution is exhausted, the liquid is run out
through the stop-cock (H) on to a filter, and replaced by a fresh portion. The pre-
cipitate may be rinsed into a flask provided with a funnel tube and delivery tube,
allowed to subside, the water decanted from it, and some strong hydrochloric acid
poured in through the funnel. On heating, the acetylene is evolved, and may be
collected, either over water, or more economically in a small gas-bag. To obtain a
pint of the gas, as much of the moist copper precipitate is required as will measure
abont six ounces after settling down. Such a quantity may be prepared in about
six hours.

A solution of cuprous chloride suitable for this experiment is conveniently pre-
pared in the following manner: 500 grains of black oxide of copper are dissolved
in seven measured ounces of common hydrochloric acid, in a flask, and boiled for
about twenty minutes with 400 grains of copper in filings or fine turnings. The
brown solution of cuprous chloride in hydrochloric acid thus obtained is poured into
about three pints of water contained in a bottle; the white precipitate (cuprous
chloride) is allowed to subside, the water drawn off with a siphon, and the pre-
cipitate rinsed into a twenty-ounce bottle, which is then quite filled with water and
closed with a stopper. When the precipitate has again subsided, the water is drawn
off, and four ounces of powdered chloride of ammonium are introduced, the bottle
being again filled up with water, closed and shaken. The cuprous chloride is entirely
dissolved by the chloride of ammonium, but would be reprecipitated if more water
were added. When required for the precipitation of acetylene, the solution may
be mixed with about one-tenth of its bulk of strong ammonia (-880), which may be
poured into the separating funnel (D) before the copper solution is introduced.
Four measured ounces of the solution are sufficient for one charge, and yield, in
three hours, about three measured ounces of the moist precipitate. The blue solu-
tion of ammoniacal cupric chloride filtered from the red precipitate may be ren-
dered serviceable again by being shaken, in a stoppered bottle, with precipitated
copper, prepared by reducing a solution of sulphate of copper, acidulated with hydro-
chloric acid, with a plate of zinc.

The red precipitate is said to consist chiefly of the oxide of a compound
formed from acetylene by the substitution of Cu, for H.  This compound,
C,Cu,H, has been named by Berthelot cupros-acetyle, and may be regarded
as the radical of a series of compounds. If but little free ammonia be
present in the solution of cuprous chloride, the precipitate will contain
the chloride of cuprous-acetyle, (C,Cu,H) Cl, as well as the oxide.

If the acetylene copper precipitate be collected on a filter, washed, and
dried either by mere exposure to the air, or over oil of vitriol, it will be
found to explode with some violence when gently heated, and it is said
that the accidental formation of this compound in copper or brass pipes,
through which coal-gas passes, has occasionally given rise to explosions.

When acetylene is passed through solution of nitrate of silver, a white curdy pre-
cipitate is formed, resembling chloride of silver in appearance, but insoluble in
ammonia (which turns it yellow) as well as in nitric acid. It may be obtained by
allowing the imperfectly burnt gas from the apparatus in fig. 80 to pass through
nitrate of silver.

When this precipitate is washed and allowed to dry, it is violently explosive if
heated, though it may be hammered without exploding. A minute fragment of it
placed on a glass plate, and touched with a red-hot wire, detonates loudly and
shatters the glass like fulminate of silver. The explosive silver compound is said
to contain the ozids of argent-acetyle (C,Ag,H)O, the chloride corresponding to it,
(C4Ag,H) Cl, being precipitated when acetylene is passed through a solution of
chloride of silver in ammonia. In a solution of hyposulphite of gold and sodium,
acetylene gives a yellowish very explosive precipitate.

When potassium or sodium is heated in excess of acetylene, it is said that ono
half of the hydrogen is displaced by the metal, forming acetylide of potassium
(C,HK) or of sodium (C,HNa), a portion of the acetylene being converted into olefi-
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ant gas (C,H,) by combination with the displaced hydrogen. When heated to dullred-
nese, sodium completely decomposes acetylene, C,Na, being obtained. Both these
sadium componnds are violently decomposed by water, acetylene being reproduced.

The copious formation of acetylene during the imperfect combustion of ether is
cery readily shown by introducing a few drops of ether into a test-tube, adding a
little ammoniacal solution of cuprous chloride, kindling the ether-vapour at the
mouth of the tube, and inclining the latter so as to expose a large surface of the
copper solution, when a large quantity of the red cuprous acetylide is produced. If
nitrate of silver be substituted for the copper solution, the white precipitate of oxide
of argent-acetyle is formed abundantly.

Acetylene has been found accompanying the vapour of hydrocyanate of ammonia
produced by the action of ammonia on red-hot charcoal.

Acetylene is a colourless gas having a peculiar odour, recalling that of
the geranium, which is always perceived where coal-gas is undergoing
imperfect combustion. It burns with a very bright smoky flame. Its
most remarkable property is that of inflaming spontaneously when brought
in contact with chlorine. If a jet of the gas be allowed to pass into a
bottle of chlorine, it will take fire and burn with a red flame depositing
much carbon. When chlorine is decanted up into a cylinder containing
acetylene standing over water, a violent explosion immediately takes
place, attended with a vivid flash, and separation of a large amount of
carbon ; CH, + Cl, = C, + 2HCL

‘When acetylene is passed into water, it is absorbed in sufficient quan-
tity to impart a strong smell to the water, and to yield a decided precipi-
tate with ammoniacal cuprous chloride and with nitrate of silver.

The action of heat upon acetylene is very remarkable and instructive,
since it results in the formation of a complex body from one which is less
complex in composition. When heated in a glass tube for half an hour
to the point at which the glass began to soften, it was found to be re-
duced to one-fifth of its original volume, the greater portion of it having
been converted into a liquid hydrocarbon styrole, C, H,, hitherto obtained
from the vegetable gum-resin known as storax. The remaining gas was
chiefly hydrogen (a little carbon having separated) with a little olefiant
gax.  When heated in contact with coke or iron, the bulk of the acety-
lene is decomposed into its elements.

By suspending the acetylene copper precipitate in solution of ammonia,
and heating with a little granulated zinc, Berthelot has induced the acety-
lene to combine with the (nas-
cent) hydrogen to form olefiant
gas (C,H). :

72. Olefiant gas.—This gas
is found in larger quantity than
acetylene, among the products
of the action of heat upon coal,
and other substances rich in car-
bon, and it is one of the most
important constituents of the
illuminating gases obtained from
such materials,

Olefiant gas may readily be
prepared by the action of strong Fig. 81.—Preparation of olefiant gas.
eulphuric acid (oil of vitriol,

HO . 80,) upon alcohol (spirit of wine C,H,0,).

Two measures of oil of vitriol are introduced into a flask (fig. 81), and one measure
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of alcohol is gradually poured in, the flask being agitated after each addition of the
acid ; much heat is evolved, and there would be danger in mixing large volumes
suddenly.* On applying a moderate heat, the liquid
will darken in colour, effervescence will take place,
and the gas may be collected in jars filled with
water. When the mixture has become thick, and
the evolution of the gas is slow, the end of the tube
maust be removed from the water and the lamp ex-
tinguished.

The gas will be found to have a very peculiar
odour, in which that of ether and of sulphurous acid
are perceptible. One of the jars may be closed with
8 glass plate, and placed upon the table with its
mouth upwards ; on the approach of aflame the gas
will take fire, burning with a bright white lame char-
acteristic of olefiant gas, and seen to best advantage
when, after kindling the gas, a stream of water is
poured down into the jar in order to displace the gas
(fig. 82.)

Another jar of the gas may be well washed by
transferring it repeatedly from one jar to another
under water, a little solution of potash may then be
poured into it, and the jar violently shaken, its
mouth being covered with a glass plate; the potash
will remove all the sulphurous acid, and the gas will
Fig. 82. now exhibit the peculiar faint odour which belongs

’ to olefiant gas.

The purified gas may be transferred, under water, to another jar, kindled, and
allowed to burn out ; if a little lime-water be then shaken in the jar, its turbidity will
indicate the presence of carbonic acid, which is produced, together with water, when
olefiant gas burns in air: C;H; + O, = 4CO, + 4HO.

On comparing the composition of olefiant gas (C,H,) with that of

- alecohol (CH,0,), it is evident that the
former may be supposed to be produced
from the latter by the abstraction of two
equivalents of water (H,0,) which are re-
moved by the sulphuric acid, though other
secondary changes take place, resulting
in the separation of carbonaceous matter
and the production of sulphurous acid.
A more complete explanation of the action
of sulphuric acid upon alcohol must be re-
served for the chemical history of this
compound.

Olefiant gas derives its name from its
property of uniting with chlorine and bro-
mine to form oily liquids, a circumstance
which is applied for the determination of
the proportion of this gas present in coal-
gas, upon which great part of the illuminat-
ing value of coal-gas depends. The com-
pound with chlorine (CH,CL) is known
as Dutch liguid, having been discovered by
_ Dutch chemists, and is remarkable for its

Fig. 3. resemblance to chloroform in odour.
To exhibit the formation of Dutch liquid, a
quart cylinder (fig 83) is balf filled with olefiant gas, and half with chlorine, which

* If methylated spirit be employed, the mixture will have a dark red-brown colour.

™
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is rapidly passed up into it, from a bottle of the gas, under water. The cylinder is
then closed with a glass plate, and supported with its mouth downwards under water
in 8 separating funnel furnished with a glass stop-cock. The volume of the hixed
gases begins to diminish immediately, drops of oil being formed upon the side of
the cylinder and the surface of the water. As the drope increase, they fall to the
bottom of the funnel. Water must be poured into the funnel to replace that which
rises into the cylinder, and when the whole of the gas has disappeared, the oil may
be drawn out of the funnel through the stop-cock into a test-glass, in which it is
shaken with a little potash to absorb any excess of chlorine. The fragrant odour of the
Duatch liquid will then be perceived, especially on pouring it out into a shallow dish.

A very instructive experiment consists in filling a three-‘gint cylinder one-third
full of olefiant gas, then rapidly filling it up, under water, with two pints of chlorine,
closing its mouth with a glass plate, shaking it to mix the gases, slipping the plate
aside and applying a light, when the mixture burns with a red flame which passes
gradually down the cylinder, and is due to the combination of the hydrogen with
the chlorine, the whole of the carbon being separated in
the solid state—

. CH, + Cl, = 4HCI + C,

When olefiant gas is subjected to the action of
high temperatures, as by passing through heated
tubes, one portion is decomposed into marsh-gas
(C,H,) with separation of carbon, whilst another
portion yields acetylene (C H,) and hydrogen ; these
decompositions will be found to be of great impor-
tance in the manufacture of coal-gas.

The action of heat upon oleflant gas is most conveniently
shown by exposing it to the spark from an induction coil.

The gas is confined in a tube (A, fig. 84) which is placed
in a cylindrical jar (B) containing mercury. Through the
mercury passes & copper wire (C) thrust through a glass
tube le) to insulate it from the mercury ; this wire is con- Fig. 84.

n with one of the wires (E) from the induction coil,

whilst the other (F) is allowed to dip into the mercury contained in the cylinder
On putting the coil in action (with two or three cells of Grove's battery), the spark
will pass between the extremity .

(C) of the insulated copper wire
and the surface of the mercury
in the tube, decomposing the
oleflant gas in its passage, and
causing a separation of carbon,
which sometimes forms a con-
ducting commaunication, and
allows the current to pass with-
out a spark. This may be ob-
viated by reversing the current,
or by gently shaking the tube.

Theolefiant gas will expand to
nearly twice its former volume,
so that the tube will gradually
rise in the mercury, but the
same distance may always be
maintained for the passage of
the spark.

To show the production of
acetylene, another arrangement
will be found convenient (fig.
85). A globe with four necks
is employed; through two of
these necks are passed, air-tight .
with perforated corks, the cop- ~r—
per wires connected with the in- Fig. 85.—Preparation of cuprous acetylide from
daction coil. A third neck re- olefiant gas.
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ceives a tube, conveying oleflant gas from a gas-holder, whilst from the fourth
proceeds a tube dipping to the bottom of a small cylinder. When the whole of
the alr has been displaced by olefiant gas, a solution of sub-chloride of copper in
ammonia is poured into the cylinder, and the gas allowed to bubble through it,
when the absence of acetylene will be shown by there being no red compound
formed. As soon, however, as the spark is passed the red precipitate will appear,
and, in a very few minutes, a large quantity will be deposited. Coal-gas may be
employed instead of olefiant gas, but of course less of the copper-compound will be
obtained.

73. Marsh-gas, or light carburetted hydrogen.—Unlike acetylene and
olefiant gas, this hydrocarbon is found in nature, being produced wherever
vegetable matter is undergoing decomposition in the presence of moisture.
The bubbles rising from stagnant pools, when collected and examined, are
found to contain marsh-gas mixed with carbonic acid, and there is reason
to believe that these two gases represent the principal forms in which the
hydrogen and oxygen respectively were separated from wood during the
process of its conversion into coal. This would account for the constant
presence of this gas in the coal-formations, where it is usually termed fire-
damp. It is occasionally found pent up under pressure between the layers
of coal, and the pores of the latter are sométimes so full of it that it may
be seen rising in bubbles when the freshly hewn coal is thrown into
water. Perhaps a similar origin is to be ascribed to the liquid hydro-
carbons chemically similar to marsh-gas, which are found so abundantly
in Pennsylvania and Canada, and are known by the general name of
petroleum.

Marsh-gas is obtained artificially by the following process : —

600 grains of dried acetate of soda are finely powdered, and mixed, in a mortar,
with 200 grains of solid hydrate of potash, and 800 grains of powdered quicklime
(or with 500 grains of the mixture of hydrate of lime and hydrate of soda, which is
sold as soda-lime). The mixture is heated in a Florence flask (or better, a copper
tube, for the alkali corrodes the glass), and the gas collected over water (fig. 86).

Fig. 86.—Preparation of marsh-gas.

The decomposition will be evident from the following equation :—

NaO.CH, + KO.HO = Ns0.CO, + KO.CO, + GC,H,
Acetate of soda. Hydrate of potash. Carb. of soda. Carb. of potash.

The marsh-gas will be easily recognised by its burning with a pale
illuminating flame, far inferior in brilliancy to those of olefiant gas and
acetylene, but unattended with smoke.

The properties of this gas deserve a careful study, on account of the
frequent fatal explosions to which it gives rise in coal-mines, where it is
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often found accumulated under pressure, and discharging itself with con-
siderable force from the fissures or blowers made in hewing the coal.
Marsh-gas has no characteristic smell like coal-gas, and the miner thence
receives no timely warning of its presence; it is much lighter than air
(sp. gr. 0'5596), and therefore very readily diffuses® itself (page 29)
through the air of the mine, with which it forms an explosive mixture as
soon as it amounts to one-eighteenth of the volume of the air. The gas
issuing from the blower would burn quietly on the application of a light,
since the marsh-gas is not explosive unless mixed with the air, when a
large volume of the gas is burnt in an instant, causing a sudden evolution
of a great deal of heat, and a consequent sudden expansion or explosion
exerting great mechanical force. The most violent explosion takes place
when one volume of marsh-gas is mixed with two volumes of oxygen,
since this quantity is exactly sufficient to effect the complete combustion
of the carbon and hydrogen of the gas, and therefore to evolve the greatest
amount of heat: C;H, + O, = 2CO; + 4HO. The calculated pressure
exerted by the exploding mixture of marsh-gas and oxygen amounts to
37 atmospheres, or 555 1bs. upon the square inch. Since air contains one-
fith of its volume of oxygen, it would be necessary to employ ten
volumes of air to one volume of marsh-gas in order to obtain perfect com-
bustion, but the explosion will be much less violent on account of the
presence of the eight volumes of inert nitrogen, the calculated pressure
exerted by the explosion being only 14 atmospheres, or 210 lbs. on the
square inch. Of course, if more air is employed, the explosion will be
proportionally weaker, until, when there are more than eighteen volumes
of air to each volume of marsh-gas, the mixture will be no longer explosive,
but will burn with a pale flame around a taper immersed in it. The car-
bonic acid resulting from the explosion is called by miners the after-damp,
and its effects are generally fatal to those who may have escaped death
from the explosion itself.

Fortunately, marsh-gas requires a much higher temperature to inflame
it than most other inflammable gases ; thus a solid body at an ordinary
red heat does not kindle the gas, contact with flame, or with a body
heated to whiteness, being required to ignite it.

1If two strong gas-cylinders be filled, respectively, with mixtures of 2 vols. hydrogen
with 1 vol. oxygen, and of 1 vol. marsh-gas and 2 vols. oxygen, it will be found, on
holding them with their mouths downwards, and inserting a red-hot iron bar, that
the marsh-gas mixture will not explode, but if the bar be transferred at once to the
bydrogen mixture, explosion will take place. A lighted taper may then be used to
oxplode the marsh-gas and hydrogen.

Coal-gas, although answering very well for many illustrations of the properties of
marsh-gas, cannot be used in this experiment, since some of its constituents inflame
at a far lower temperature. ’

In consequence of the high temperature required to inflame the mixture
of marsh-gas and air, it is necessary that the mixture be allowed to remain
for an appreciable time in contact with the flame before its particles are
raised to the igniting point. It was on this principle that Stephenson’s
original safety lamp was constructed, the flame being surrounded with a
tall glass chimney, the rapid draught through which caused the explosive
mixture to be hurried past the flame without igniting.

8 Ansell’s fire-damp indicalor is an apparatus in which the high rate of diffusion of
marsh-gas is taken advantage of in order to detect its presence in the air of mines. The
experiment described at page 29 illustrates its principle.
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To illustrate this, a copper funnel (fig. 87) holding about two quarts is employed,
the neck of which has an opening of about } inch in diameter, The funnel being
placed mouth downwards in the pneumatic trough, the orifice is closed with the

Fig. 87.

finger, and half a pint of coal-gas passed up into the funnel. The latter is now
raised from the water, so that it may become entirely filled with air. By depressing
tho funnel to a considerable depth in the water, the aperture being still closed by
the finger, the mixture will be confined under considerable
pressure, and if a lighted taper be held to tho aperture, and
the finger removed, it will be found that the mixture sweeps
past the flame without exploding, until the water has reached
the same level in tho funnel as in the trough, when the gas
comes to rest and explodes with great violence.

Davy’s safety lamp (fig. 88) is an application of the
principle that ignited gas (flame) is extinguished by
contact with a large surface of a good conductor of heat,
such as copper oriron.

. If a thin coppor wire be coiled round into a helix, and care-
Fig. 88.—Davy lamp.  fully placed over the wick of a burning taper (fig. 89), the flame
will be at once extinguished, its heat being so rapidly trans-
mitted along the wire that the temperature falls below the point at which the com-
bustible gases enter into combination with oxygen, and therefore the combustion
ccases. If the coil bo heated to redness in a spirit-lamp flame before placing it over
the wick, it will not abstract the heat so readily, and will not oxtinguish the flame.
If a copper tube were substituted for the coiled wire, the same result would be ob-
tained, and by employing & number of tubes of very small
diameter, so that the metallic surface may be very large
in proportion to the volume of ignited gas, the most ener-
getic combustion may be arrested, as in the case of
IHemming's safety jet, which consists of a brass tube tightly
stuffed with thin copper wires 8o as to leave very narrow
passages, thus rendering it impossible for the oxyhydrogen
flamo at the jet to pass back and ignite the mixture in the
reservoir. i
It is evident that the exposure of a large extent ot cool-
Fig. 89 ing surface to the action of the flame, may be effected
8- S5 either by increasing tho length or by diminishing the
width of the metallic tubes, so that wire gauze, which may be regarded as a collection
of very short tubes, will form an effectual barrier to flame, provided that it has a
sufficient number of meshes to the inch.

If a piece of iron wire gauze, containing about 800 meshes to the square inch, be
depressed upon a flame, it will extinguish that portion with which it is in contact,
and the combustible gas which escapes through the gauze may bo kindled by a
lighted match held on tho upper side. By holding the gauze two or three inches
above a gas jet, the gas may be lighted above it without communicating the flame
#n 4%~ Lorper itself.
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When blazing spirit is poured upon a piece of wire gauze (fig. 90) the flame will
remain upon the gauze, and the extinguished spirit will pass through. A little
benzole or turpentine may be added to the spirit
80 that its flame may be more visible at a dis-
tance.

The safety lamp is an oil lamp, the flame
of which is surrounded by a cage of iron
wire gauze, having 700 or 800 meshes in
the square inch, and made double at the top
where the heat of the flame chiefly plays.
This cage is protected by stout iron wires
attached to a ring for suspending the lamp.
A brass tube passes up through the oil
reservoir, and in this there slides, with con-
siderable friction, a wire bent at the top, so that the wick may be trimmed
without taking off the cage.

If this lamp be suspended in a large jar, closed at the top with a perforated
wooden eove;éA, fig. 91), and having an aperture (B) below, through which coal-
gas may be admitted, tho lamp will burn, of course, in
the ordinary way; but if the gas be allowed to pass
alowly into the jar, the flame will bo scen to waver, to
elongate itself very considerably, and will be ultimately
extinguished, when the wire cage will be seen to be
filled with a mixture of coal-gas and air burning tran-
quilly within the gauze, which prevents the flame from

ing to ignite the explosive atmosphere surrounding
the lamp; that an explosive mixture really fills the jar
may be readily ascertained by introducing, through an
aperture (C) in the cover, the unprotected flame of a
taper, when an explosion will take place.

This experiment illustrates the action of the Davy
lamp in a mine which contains fire-damp, and makes it
evident that this lamp would afford complete protection
if carefully used. It would obviously be unsafe to allow i
the lamp to remain in the explosive mixture when tho Fig. 91.
cage is filled with flame, for the gauze would either
become sufficiently heated to kindle the surrounding gas, or would be oxidised and
eaten into holes, which would allow the passage of the flame. Nor should the lamp
be exposed to a very strong current, which might possibly be able to carry the flame
through the meshes.

The great defect of the Davy lamp is that it does not afford more than
a glimmering light, so that even if the miners were prohibited from em-
ploying any candles, they would (and experience has proved that they do)
remove the wire cage at all risks. The lamp has been modified so as par-
tially to remove this defect, by substituting glass or talc for some portions
of the wire gauze. It is now usual, however, to employ the Davy lamp
merely in order to test the state of the air in the different parts of the
mine ; for this purpose the firemen descend before the commencement
of work every morning, and examine with their safety lamps every portion
of the mine, giving warning to the miners not to approach those parts in
which any accumulation of fire-damp (or technically, “sulphur”) is per-
ceived. The miners then work with naked candles, and it appears to be
not unusual to see a blue flame (or corpse light) playing around the
candles, so that the miners may become accustomed to regard with little
concern the very indication which shows that the quantity of fire-damp is
only a little below that required to form an explosive mixture. When-
ever naked flames are used in the mine there must always he great risk ;
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in most seams of coal there are considerable accumulations of fire-damp ;
when a fissure is made, the gas escapes very rapidly from the blower, and
the air in its vicinity may soon become converted into an explosive mix-
ture. In mines where small quantities of fire-damp are known to be
continually escaping from the coal, ventilation is depended upon in order
to dilute the gas with so large a volume of air that it is no longer explo-
sive, and finally to sweep it out of the mine; but it has occasionally
happened that the ventilation has been interfered with by a door having
been left open in one of the galleries, or by a passage having been
obstructed through the accidental falling in of a portion of the coal, and
an explosive mixture has then been formed.

STRUCTURE OF FLAME.

74, The consideration of the structure and properties of ordinary
flames is necessarily connected with the history of olefiant gas and marsh-
gas. Flame may be defined as gaseous matter, heated to the temperature
at which it becomes visible, or emits light. Solid particles begin, for the
most part, to emit light when heated to about 1000° F.; but gases, on
account of their greater expansibility, must be raised to a far higher
temperature, and hence the point of visibility is seldom attained, except
by gases which are themselves combustible, and therefore capable of
producing, by their own combination with atmospheric oxygen, the requi-
site degree of heat. The presence of a combustible gas (or vapour),
therefore, is one of the conditions of the existence of flame ; a diamond,
or a piece of thoroughly carbonised charcoal, will burn in oxygen with
a steady glow, but without flame, since the carbon is not capable of con-
version into vapour, while sulphur burns with a voluminous flame, in
consequence of the facility with which it assumes the vaporous condition.
It will be observed, moreover, that in the case of a non-volatile combus-
tible, the combination with oxygen is confined to the surface of contact,
whilst in the flame of a gas or vapour, the combustion extends to a con-
siderable depth, the oxygen intermingling with the gaseous fuel.

Flames may be conveniently spoken of as simple or compound, accord-
ingly as they involve one or more phenomena of combustion ; thus, for
example, the flames of hydrogen and carbonic oxide are simple, whilst
those of marsh-gas and olefiant gas are compound, since they involve both
the conversion of hydrogen into water and of carbon into carbonic acid.

It is obvious that simple flames must be hollow in ordinary cases, such
as that of a gas issuing from a tube into the air, the hollow being occu-
pied by the combustible gas to which the oxygen does not penctrate.

All the flames which are ordinarily turned to useful account are com-
pound flames, and involve several distinct phenomena. Before examining
these more particularly, it will be advantageous to point out the conditions
which regulate the luminosity of flames.

Just as gaseous matter is essential to the existence of flame, the presence
of solid particles suspended in the flame is essential to its luminosity.

It has been seen that, when sulphur burns in oxygen, it emits a pale
lurid light, whilst phosphorus, under similar circumstances, yields an
intolerable blaze ; this is easily explained, for the product of the combus-
tion of sulphur, sulphurous acid, is gaseous at this temperature, but the
solid phosphoric acid, formed from the phosphorus, is suspended in the
flame, in a state of very minute division, and becomes heated to so high
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a degree as to emit a beautiful white light. That this is a true account
of the matter is seen by introducing the phosphorus into a jar of chlorine
gas, when it burns with a flame which is even paler than that of sulphur
in oxygen, since the chloride of phosphorus which is formed is a vapour
at the temperature of the combustion.

It is not necessary that the suspended solid matter should be a product
of the combustion ; any extraneous solid in a finely divided state will
confer illuminating power upon a flame. Thus, the flame of hydrogen
may be rendered highly luminous by burning a piece of phosphorus in its
vicinity, so that the clouds of phosphoric acid may pass
through the flame, or by blowing a little very fine char-
coal powder into it, from the bottle represented in fig. 92.

The luminosity of all ordinary flames is due to the
presence of highly heated carbon in a state of very
minute division, and it remains to consider the changes
by which this finely divided carbon is separated in the
flame.

A candle, a lamp, and a gas-burner, exhibit contriv- £ - -
ances for procuring light artifically in different degrees Fie. 92,
of complexity, the candle being the most complex of &
the three. 'When a new candle is lighted, the first portion of the wick is
burnt away until the heat reaches that part which is saturated with the
wax or tallow of which the candle is composed ; this wax or
tallow then undergoes destructive distillation, yielding a variety
of products, among which olefiant gas is found in abundance.
The flame furnished by the combustion of these products melts
the fuel around the base of the wick, through which it then
wmounts by capillary attraction, to be decomposed in its turn,
and to furnish fresh gases for the maintenance of the flame. In
a lamp, the fuel being liquid at the commencement, the process
of fusion is dispensed with ; and in a gas-burner, where the fuel
is supplied in a gaseous form, the process of destructive distilla-
tion has been already carried on at a distance. It will be seen,
however, that the final result is similar in all three cases, the
flame being maintained by such gases as acetylene, marsh-gas,
and olefiant gas, arising from the destructive distillation of wax, Fig. 3.
tallow, oil, coal, &c.

On examining an ordinary flame, that of a candle, for instance, it is
seen to consist of three concentric cones (fig. 93), the innermost, around
the wick, appearing almost black, the

next emitting a bright white light, and &
the outermost being so pale as to be &
scarcely visible in broad daylight.

The dark innermost cone consists merely
of the gaseous combustible to which the
air does not penetrate, and which is there-
fore not in a state of combustion.

The nature of this cone is easily shown by
experiment: a strip of cardboard held across
the flame near its base will not burn in the
centre where it traverses the innermost cone ; a =z :
piece of wire gauze depressed upon the flame Fig. 94.
near the wick (fig. 94) will allow the passage of
the combustible gas, which may be kindled above it. The gas may be conveyed out
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of the flame by means of a glass tube inserted into the innermost cone, and may be
kindled at the other extremity of the tube, which should be inclined downwards
(fig. 95).

A piece of phosphorus in a small spoon held in the interior of the flame of a spirit-

[\

Fig. 95.
lamp, will melt and boil, but will not burn unless it be removed from the flame, and
may then be extinguished by replacing it in the flame.

The combustible gas from the interior of a flame may be collected in a flask
(fig. 96) furnished with two tubes, one of which (A) is drawn out to a point for

insertion into the flame, whilst the other (B), which passes
to the bottom of the flask, is bent over and prolonged by a
piece of vulcanised tubing, so that it may act as a siphon.
The flask is filled up with water, the jet inserted into the
interior of a flame, and the siphon set running by exhaust-
ing it with the mouth. As the water flows out through the
siphon, the gas is drawn into the flask, and after removing
the tube from the flame, the gas may be expelled by
blowing down the siphon tube, and may be burnt at the jet.
When a candle is used for this experiment, some solid pro-
ducts of destructive distillation will be found condensed in
the flask.

In the second or luminous cone, combustion is taking place, but it is
by no means perfect, being attended by the separation of a quantity of
carbon, which confers luminosity upon this part of the flame. The
presence of free carbon is shown by depressing a piece of porcelain upon
this cone, when a black film of soot is deposited. The liberation of the
carbon is due to the decomposition of the olefiant gas and similar hydro-
carbons by the heat, which separates the carbon from the hydrogen, and
this latter, undergoing combustion, evolves sufficient heat to raise the
separated carbon to a white heat, the supply of air which penetrates into
this portion of the flame being insufficient to effect the combustion of the
whole of the carbon.

a Some very simple experiments will illustrato the nature of the luminous portion of
ame.

Over an ordinary candle flame (fig. 97) a tube may be adjusted so as to convey
the finely-divided carbon from the luminous part of the flame into the flame of
hydrogen, which will thus be rendered as luminous as the candle flame, the dark
colour of the carbon being apparent in its passage through the tube.

A bottle furnished with two straight tubes (fig. 98) is connected with a reservoir
of hydrogen. One of the tubes is provided with a small piece of wider tube con-
taining a tuft of cotton wool. On kindling the gas at the orifice of each tube, no
difference will be seen in the flames until a drop of benzole (C,,H,) is placed npon
the cotton, when its vapour, mingling with the hydrogen, will furnish enough carbon
to render the flame brilliantly luminous.

The pale outermost cone, or mantle, of the flame, in which the separated
carbon is finally consumed, may be termed the cone of perfect combustion,and
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is much thinner than the luminous cone, the supply of air to this external
shell of flame being unlimited, and the combustion therefore speedily effected.

Fig. 97. Fig. 98.

The mantle of the flame may be rendered more visible by burning a little sodium
near the flame, when the mantle is tinged strongly yellow. )

By means of a siphon about one-third of an inch in diameter (fig, 99), the nature
of the different portions of an ordinary candle flame may be very elegantly shown.
If the orifice of the siphon be brought just over the extremity of the wick, the com-
bustible gases and vapours will pass through it, and
may be collected in a small flask, where they can be
kindled by a taper. On raising the orifice into the
luminous portion of the flame, voluminous clouds of
black smoke will pour over into the flask, and if the
siphon be now raised a little above the point of the
flame, carbonic acid can be collected in the flask, and
may be recognised by shaking with lime-water.

The reciprocal nature of the relation betwcen the
combustible gas and the air which supports its com-
bustion may be illustrated in a striking manner by
burning a jet of air in an atmosphere of coal-gas.

A quart glass globe with three necks is connected
at A (fig. 100) with the gas-pipe by a vulcanised tube. The second neck (B), at the
apper part of the globe, is connected by a short piece of vulcanised tube with a piece
of glass tube about § inch wide, from which the gas may be burnt. Into the third
and lowermost neck is inserted, by means of a cork, a thin brass tube, C (an old
cork-borer), about } inch in diameter. When the gas is turned on, it may be lighted
at the upper neck ; and if a lighted match be then quickly thrust up the tube C, the
asir which enters it will take fire and burn insido the globe.

Fig. 100.—Air burning in Fig. 101.—To make a three-necked flask.
coal-gas.

A very inexpensive apparatus for this purpose may be constructed from a common
Florence oil-flask. By applying a blowpipe flame at A (fig. 101), 8o as to heat to
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whiteness a spot as large as a threepenny-piece, and quickly blowing into the neck
of the flask, the heated portion of the glass may be made to bulge out. A similar
protuberance is then to be formed at B. A sharp-pointed flame is directed upon A,
and the glass burst by blowing into the flask whilst it is still exposed to the flame.
By fusing the edges of the hole thus produced, and turning them outwards with the
end of a file, a short neck may be formed capable of receiving a cork. When this
is cool it is closed with a cork, and a second similar neck is produced at B.

From this review of the structure of flame, it is evident that, in order
to secure a flame which shall be useful for illumination, attention must be
paid to the supply of oxygen (or air), and to the composition of the fuel
employed. The use of the chimney of an Argand burner (fig. 102) affords

an instance of the necessity for attention to the
- proper supply of air. Without the chimney, the

flame is red at the edges and smoky, for the
supply of air is not sufficient to consume the
whole of the carbon which is separated, and
the temperature is not competent to raise it to

a bright white heat, defects which are remedied

as soon as the chimney is placed over it, and

the rapidly-ascending heated column of air draws

in a liberal supply beneath the burner, as indi-

cated by the arrows.

By using two chimneys, and causing the air

to pass down between them, so as to be heated

’ to about 500° F. before reaching the flame, an

Fig. 102.—Argand burner.  equal amount of light may be obtained from a
much smaller supply of gas.

The smokeless gas-burners employed in laboratories and kitchens exhibit
the result of mixing the gas with a considerable proportion of air before
burning it, the luminous part of the flame then en-
tirely disappearing, with great augmentation of the
temperature of the flame, since the carbon is burnt
simultaneously with the hydrogen.

The most efficient burner of this kind (Bunsen’s burner,
fig. 108) is that in which the gas is conveyed into a wide
tube, at the base of which there are four large holes for the
. admission of airr. .W_hei;) a good tt;:lpplyhot;h gaf is turned

: , on, a quantity of air is drawn in throu e lower aper-
Fig. loli.’:.u—ngunsens tm-es,qa:d thye mixture of air and gas Emy be kindlet'i)e at
' the orifice of the wide tube, its rapid motion preventing the
flame from passing down within the tube. This tube is sometimes surmounted by
a rosette burner to distribute the flame. By closing the air-holes with the fingers
& luminous flame is at once produced.

The principle of this burner has been applied for testing
the illuminating value of gas, by measuring the quantity
of air which must be supplied to a flame consuming a given
quantity of gas, in order to destroy the luminosity, the
illuminating value being proportional to the quantity of
air which is necessary for this purpose.

The gauze burner (fig. 104) consists of an open cylinder
surmounted by wire gauze. When this is placed over the
gas-burner, a supply of air is drawn in at the bottom by
the ascending stream of gas, and the mixture burns above

Fig. l(‘l:.—-(}a\ue the gauze with a very hot smokeless flame, the metallic
burner. meshes preventing the flame from passing down to the gas

below.
The luminosity of a flame is materially affected by the pressure of the
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atmosphere in which it burns, a diminution of pressure causing a loss of
illuminating power. If the light of a given flame burning in the air when
the barometer stands at 30 inches be represented by 100, each diminution
of one inch in the height of the barometer will reduce the luminosity
by five ; and conversely, when the barometer rises one inch, the lumino-
sity will be increased by five. This is not due to any difference in the
rate of burning, which remains pretty constant, but to the more complete
interpenetration of the rarefied air and the gases composing the flame,
giving rise to the separation of a smaller quantity of incandescent carbon.
In air at a pressure of 120 inches of mercury, the flame of alcohol is
highly luminous, the high density of the air discouraging the intermixture
of the flame-gases with it, and thus allowing the separation of a portion
of carbon.

In considering the influence exerted by the composition of the fuel
upon the character of its flame, it will be necessary to bear in mind that
some kinds of fuel consist of carbon and hydrogen only, whilst others
contain a considerakhle proportion of oxygen.

The following table exhibits the composition of some of the principal
subetances concerned in producing ordinary illuminating flames :—

I

' Fuel. Formula. Carbon. | Hydrogen. | Oxygen.

|

| Marsh-gas, . . . C,H, 30 10

| Olefiant gas, . . C.H, 60 10
Plnﬁne, . . . C:H: 60 10
Turpentine, . . . CypHyq 76 10
Benzole, . . . C,.H, 120 10

CWax, . . . . CuHu0, 60 10 35
Stearine, . . . CrieHyo01s 621 10 87
Oleine, . . . Cu1eHy001 668 10 9-2
Aleohol, . . . C,H,0, 40 10 27
Wood naphtha, . . C,H,0, 80 10 40

It may be stated generally that when the number of equivalents of
carbon is less than that of hydrogen, the flame will be free from smoke,
as in the case of marsh-gas. When there are as many equivalents of
carbon as of hydrogen, as in olefiant gas and paraffine, the flame is very
liable to smoke, unless managed with great judgment. Those hydro-
carbons which contain, like turpentine and benzole, a larger number of
equivalents of carbon than of hydrogen, always burn with much smoke,
and require special contrivance to render them applicable for illuminating
purposes. Thus, camphine (turpentine) must be burnt in lamps with tall
narrow chimneys of peculiar construction to afford a strong current of air.
Bemzole (coal-naphtha) vapour must be mixed with air if it is required to
burn with a smokeless flame.

If a piece of cotton wool, moistened with benzole, be placed in a flask provided
with two tubes (fig. 105), it will be found, on gently warming the flask by dipping
1t into hot water, and blowing through one of the tubes, that the mixture of benzole
vapour and air issuing from the other tube will burn with a smokeless bright
flame.

* This is the composition of myricine, which forms the greater part of bees’ wax.
G



98 THE BLOWPIPE FLAME.

If coal-gas, whicl is essentially a mixture of hydrogen, marsh-gas, and
olefiant gas, and generally contains rather too much hydrogen in propor-
tion to its carbon, be enriched with carbon by pass-
ing over benzole (light coal naphtha), it burns with
a far more luminous flame (raphthalised gas).

‘When the fuel contains oxygen, the carbon may
exist in larger proportion to the hydrogen without
giving rise to the production of smoke, since this
oxygen will dispose of a portion of the carbon
during the combustion. Thus, wax is much less
liable to smoke than paraffine, although containing
the same proportions of carbon and hydrogen,
whilst stearine (the chief part of tallow) and oleine

—_—— (forming the bulk of oils) may be burnt in ordi-
Fig. 105. nary candles and lamps, although still richer in
carbon, because they contain more oxygen also.

Alcohol yields a flame of no illuminating value, although it contains
more carbon in proportion to its hydrogen than is present in marsh-gas,
because its oxygen helps to consume the carbon during the combustion,
and prevents it from separating in the incandescent state. By adding
about one-tenth of its bulk of benzole or turpentine, however, alcohol
may be made to burn with a brilliant flame.

75. The blowpipe flame.—The principles already laid down will
render the structure of the blowpipe flame easily intelligible. It must
be remembered that in using the blowpipe, the stream of air is not pro-
pelled from the lungs of the operator (where a great part of its oxygen
would have been consumed), but simply from the mouth, by the action
of the muscles of the cheeks. The first apparent effect upon the flame
is entirely to destroy its luminosity, the free supply of air effecting the
immediate combustion of the carbon. The size of the flame, moreover, is
much diminished, and the combustion being concentrated into a smaller
space, the temperature must be much higher at any given point of the
flame. In structure, the blowpipe flame is gimilar to the ordinary flame,
consisting of three distinct cones, the innermost of which (A, fig. 106) is
filled with the cool mixture of air
and combustible gas. The second
cone, especially at its point (R), is
termed the reducing flame, for the
supply of oxygen at that part is not
sufficient to convert the carbon into
carbonic acid, but leaves it as car-
bonic oxide, which speedily reduces
almost all metallic oxides placed in
that part of the flame to the metallic
state. The outermost cone (O) is called the owidising flame, for there the
supply of oxygen from the surfounding air is unlimited, and any substance
prone to combine with oxygen at a high temperature is oxidised when
exposed to tho action of that portion of the flame; the hottest point of
the blowpipe flame, where neither fuel nor oxygen is in excess, appears
to be a very little in advance of the extremity of the second (reducing)
cone. The difference in the operation of the two flames is readily shown
by placing a little red lead (oxide of lead) in a shallow cavity scooped

Fig. 108.—Blowpipe flame.
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upon the surface of a piece of charcoal (fig. 107), and directing the flames
upon it in succession ; the inner flame will reduce a globule of metallic
lead, which may be re-
converted into oxide by
exposing it to the outer
flame.* The immense
service rendered by this
instrument to the che-
mist and mineralogist is -
well known.
By forcing a stream Fig.’107.—Reduction of metals on charcoal.
of oxygen through a
lame from a gas-holder or bag, an intensely hot blowpipe flame is
obtained, in which pipe-clay and platinum may be melted, and iron burns
with great brilliancy (see fig. 48).

76. Determination of the composition of gases containing carbon and
hydrogen.—In order to ascertain the proportions of carbon and hydrogen
present in a gas, a measured volume of the gas is mixed with an excess of
oxygen, the volume of the mixture carefully noted, and explosion deter-
mined by passing the electric spark ; the gas remaining after the explosion
is measured and shaken with potash, which absorbs the carbonic acid,
from the volume of which the proportion of carbon may be calculated.
For example,

0-4 cubic inch of marsh-gas, mixed with

1-0 ” oxygen, and exploded, left
06 ” gas ; shaken with potash
it left 0-2 ”» oxygen.

Showing that 0'4 cubic inch of carbonic acid had been produced. This
quantity of carbonic acid would contain 0-4 cubic inch of (imaginary)
carbon vapour, and 0-4 cubic inch of oxygen. Deducting this last from
the total amount of oxygen consumed (0'8 cubic inch), we have 0-4
cabic inch for the volume of oxygen consumed by the hydrogen. Now,
04 cubic inch of oxygen would combine with 0'8 cubic inch of
hydrogen, which represents therefore the amount of hydrogen in the marsh-
gas employed. It has thus been ascertained that

4 volumes of marsh-gas contain
4 volumes of (hypothetical) carbon vapour, and
8 volumes of hydrogen.

For the purpose of illustration, the analysis of marsh-
isa8 may be effected in a Ure's eudiometer S?eg 108), but
a considerable exccss of oxygen should added to
moderate the explosion. The eudiometer having been
filled with water, 0-1 cubic inch of marsh-gas is intro-
duced into it, as described at p. 84, and having been
transferred to the closed limb and accurately measured Fig. 108.
after equalising the level of the water, the open limb is Siphon eudiometer.
again filled up with water, the eudiometer inverted in
the trough, and 12 cubic inch of oxygen added ; this is also transferred to the closed

® By directing the reducing flaniec upon the metallic oxide in the cavity, and allowing
the oxidising flame to sweep over the surface of the charcoal, as shown in the figure, a
yellow incrustation of oxide of lead is formed upon the surface of the charcoal, which
affords additional evidence of the nature of the metal. 0
[¢]
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limb and carefully measured. The electric spark is then passed through the mixture
(see p. 84), the open limb being closed by the thumb. The level of the water in
both limbs is then equalised, and the volume of gas measured. The open limb is
then filled up with a strong solution of potash, and closed by the thumb, so that
the gas may be transferred from the closed to the open limb and back, until its
volune is no longer diminished by the absorption of carbonic acid. The volume
of residual oxygen having been measured, the calculation is effected as above
described.

The results are more exact when the eudiometer is filled with mercury instead of
water.

The following table exhibits the composition by volume of acetylene,
marsh-gas, and olefiant gas (8 parts by weight of oxygen being considered
to occupy one volume) :—

Eqt. Weight. Eqt. Volume. | Carbon V:pour.’ Hydrogen.

Acetylene, C.H, 26 4 vols. 8 vols. ? l 4 vols

Marsh-gas, C,H, 16 4, 4 , 1! 8

Olefiant gas, C,H, 28 4, 8 . 1\ 8 .
CoaL-Gas.

77. The manufacture of coal-gas is one of the most important appli-
cations of the principle of destructive distillation, and affords an ex-
cellent example of thé tendency of this process to develope new arrange-
ments of the elements of a compound body. The action of heat upon
coal, in a vessel fromn which air is excluded, gives rise to the production
of a very large number of compounds containing some two or more of
the five elements of the coal, in different proportions, or in different
forms of arrangement. Although no clue has yet been obtained to indi-
cate the true arrangement of these elements in the original coal (or,
as it is termed, the conmstitution of the coal), it is certain that these
various compounds do not exist in it before the application of heat, but
are really the results of its action, that they are indeed products and
not educts.

The most important forms assumed by the carbon and hydrogen when
coal is strongly heated, are,—

Hydrogen.
Marsh-gas, C,H w

Gases { Olefiant gas, C,H, | Liquids { 2en20le: Ciulls | gopig,
Acetylene, C.H, T
Qil-gus, CH,

Naphthaline, C, H,

Anthracene, C;H,,
Paraffine, C.H,

Coke, . C

The nitrogen of the coal reappears in the forms of—

. Nitrogen.
Gases Amm%mia,. . NH,-

Aniline, © CuiN | Alkalive.
Liquids {Quinoline, . C,H.N

Hydrocyanic acid, ( ‘r;h N
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The oxygen contributes to the production of—

Water, . HO
Liquids { Acetic acid, C,H,O,

G z Carbonic oxide, CO
Carbolic acid, C;,H0,

Carbonic Acid, CO,

-

Sulphur is found among the products as,

Sulphuretted hydrogen gas, HS l (verl;'igt;lli({il o). g Bisulphide of carbon, CS,

The illuminating gas obtained from coal consists essentially of free hydro-
gen, marsh-gas, olefiant gas, and carbonic oxide, with small quantities of
acetylene, benzole vapour, and some other substances.

A fair general idea of its composition is given by the following table : —

Gas from Cannel Coal.

Hydrogen, . . . . . . 466 volumes.
Marsh-gas, . . . . . . 849 "
Carbonic oxide, . . . . . 66
Olefiant gas, . . . . . 40 "
Carbonic acid, . . . . . 87 "
Oil-gas, . . . . . . . 24
Nitrogen, . . . . . . 25 "
Sulphuretted hydrogen, . . . . o8
100-0

The only constituents which contribute directly to the illuminating
value of the gas are the marsh-gas, olefiant gas, oil-gas (acetylene, and
benzole vapour).

The most objectionable constituent is the sulphur present as sulphur-
etted hydrogen and bisulphide of carbon, for this is converted by com-
bustion into sulphuric acid, which seriously injures pictures, furniture,
&c. The object of the manufacturer of coal-gas is to remove, as far as
possible, everything from it, except the constituents mentioned as essential,
and at the same time to obtain as large a volume of gas from a given
weight of coal as is consistent with a good illuminating value.

The mode of purifying the gas, and the general arrangements for its
manufacture, will be described in a later part of the work.

Fig. 109.—Destructive distillation of coal.

The destructive distillation of coal ma‘{ be exhibited with the arrangement repre-
sented in fig. 109. The solid and liquid products (tar, ammoniacal liquor, &c.) are
condensed in the globular receiver (A). The first bent tube contains, in one
limb (B), a piece of red litmus paper to detect ammonia; and in the other (C)
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a piece of paper impregnated with acetate of lead, which will be blackened by
the sulphuretted hydrogen. The second bent
tube (D) contains enough limo-water to fill the
bend, which will be rendered milky by tho car-
bonic acid. The gas is collected over water, in the
jar E, which is furnished with a jet from which the
gas may be burnt when forced out by depressing
the jar in water.

The presence of acetylene in coal-gas may be
shown by passing the gas from the supply-pipe (A,
fig. 110), first through a bottle (B) containing a little
ammonia, then through a bent tube (C), with enough
water to fill the bend, and a piece of bright sheet
copper immersed in the water in each limb. After
a short time the bright red flakes of the acetylide of copper will be seen in the
water.

SILICON.

78. In many of its chemical relations to other bodies this element will
be found to bear a great resemblance to carbon; but whilst carbon is
remarkable for the great variety of compound forms in which it is met
with in nature, silicon is always found in combination with oxygen, as
silicic acid, or silica (SiOy), either alone or united with various metallic
oxides, with which it forms silicates.

Silica.—The purest natural variety of silica is the transparent and
colourless variety of quartz known as rock crystal, the most widely diffused
ornament of the mineral world, often seen crystallised in beautiful six-
sided prisms, terminated by six-sided pyramids (fig. 111), which are always

easily ~distinguished by

their great hardness,

scratching glass almost as

readily as the diamond.

Coloured of a delicate

purple, probably by a

littlo organic matter, these

Fig. 111.—Crystal of quartz. crystals are known as

amethyst; and when of a

brown colour, as Cairngorm stones or Scotch pebbles. Losing its trans-
parency and crystalline structure, we meet with silica in the form of chal-
cedony and of carnelian, usually coloured, in the latter, with oxide of iron.

Hardly any substance has so great a share in the lapidary’s art as silica,
for in addition to the above instances of its value for ornamental purposes, we
find it constituting agate, cat’s eye, onyz, so much prized for cameos, opal,
and some other precious stones. In opal the silica is combined with water.

Sand, of which the whiter varieties are nearly pure silica, appears to
have been formed by the disintegration of siliceous rocks, and has generally
a yellow or brown colour, due to the presence of oxide of iron.

The resistance offered by silica to all impressions has become proverbial
in the case of flint, which consists essentially of that substance coloured
with some impurity. Flints are generally found in compact masses, distri-
buted in regular beds throughout the chalk formation ; their hardness,
which even exceeds that of quartz, formerly rendered them useful for
striking sparks with steel, by detaching small particles of the metal, which
are 80 heated by the percussion as to continue to burn (see p. 10) in the
air, and to inflame tinder or gunpowder upon which they are allowed to fall.
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The part taken by silica in natural operations appears to be chiefly a
mechanical one, for which its stability under ordinary influences peculiarly
fits it, for it is found to constitute the great bulk of the soil which serves
as a support and food-reservoir of land-plants, and enters largely into the
composition of the greater number of rocks.

But that this substance is not altogether excluded from any share in
life is shown by its presence in the shining outer sheath of the stems of
the grasses and cereals, particularly in the hard external coating of the
Dutch rush used for polishing ; and this alone would lead to the inference
that silica could not be absolutely insoluble, since the capillary vessels of
plants are known to be capable of absorbing only such substances as are in
a state of solution. Many natural waters also present us with silica in a
dissolved state, and often in considerable quantity, as, for example, in the
Geysers of Iceland, which deposit a coating of silica upon the earth around
their borders.

Pure water, however, has no solvent action upon the natural varieties
of silica. The action of an alkali is required to bring it into a soluble
form.

To effect this upon the small scale, a few crystals of common washing-
soda (carbonate of soda) may be powdered and dried; a little of the dried
powder is placed upon a piece of platinum foil slightly bent up (fig. 112),

Fig. 112. —Fusion og platinum foil.

and is fused by directing the flame of a blowpipe upon the under side of
the foil. As soon as the carbonate of soda is perfectly liquefied, a small
«quantity of very finely powdered white sand is thrown into it, when brisk
effervescence will be observed, and the particles of sand will dissolve;
fresh portions of sand may now be added as long as they produce effer-
vescence, which is due to the escape of the carbonic acid, and since, in
general, one acid can only be displaced by another, it is but reasonable to
infer that the sand really possesses acid properties, and hence the fitness
of its chemical name, silicic acid.

The piece of platinum foil with the melted mass upon it may now be
placed in a little warm water, and allowed to soak for some time, when it
will gradually dissolve, forming a solution of silicate of soda. This solu-
tion will be found decidedly alkaline to test-papers; for silicic acid, like
carbonic, is too feeble an acid to neutralise entirely the alkaline properties
of the soda. .

If a portion of the solution of silicate of soda in water be poured into
a test-tube, and two or three drops of hydrochloric acid added to it with
occasional agitation, effervescence will be produced by the expulsion of
any carbonic acid still remaining, and the solution will be converted into
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a gelatinous mass by the separation of hydrated silicic acid. But if
another portion of the solution of silicate of soda be poured into an excess
of dilute hydrochloric acid (v.e., into enough to render the solution dis-
tinctly acid), the silicic acid will remain dissolved in the water, together
with the chlorde of sodium formed by the action of the hydrochloric acid
upon the soda.

In order to separate the chloride of sodium from the silicic acid, the
process of dialysis* must be resorted to.

Dialysis is the separation of dissolved substances from each other by
taking advantage of the different rates at which they pass through moist
diaphragms or septa.

If the mixed solution of chloride of sodium and silicic acid were poured
upon an ordinary paper filter, it would pass through without alteration ;
but if parchment paper be employed, which is not pervious to water,
although readily moistened by it, none of the liquid will pass through.
If the cone of parchment paper be supported upon a vessel filled with
distilled water (fig. 113), so that the water may be in contact with the
outer surface of the cone, the hydrochloric acid and the chloride of sodium
will pass through the substance of the parchment paper, and the water

charged with them may be seen descending in dense streams
from the outside of the cone. After a few hours, especially
if the water be changed occasionally, the whole of the
hydrochloric acid and chloride of sodium will have passed
through, and a pure solution of silicic acid in water will
remain in the cone.

This solution of silicic acid is very feebly acid to blue
litmus paper, and not perceptibly sour to the taste. It
has a great tendency to set into a jelly in consequence of
the sudden separation of hydrated silicic acid. If it be
slowly evaporated in a dish, it soon solidifies ; but, by con-

Fig. 113. ducting the evaporation in a flask, so as to prevent any
drying of the silicic acid at the edges of the liquid, it may
be concentrated until it contains 14 per cent. of silicic acid. When this
solution is kept, even in a stoppered or corked bottle, it sets into a trans-
parent gelatinous mass, which gradually shrinks and separates from the
water. When evaporated, in vacuo, over sulphuric acid, it gives a trans-
parent lustrous glass which is composed of 22 per cent. of waterand 78 per
cent of silicic acid (HO.SiO;).

This hydrate of silica cannot be redissolved in water, and is only soluble
to a slight extent in hydrochloric acid. If it be heated to expel the water,
the anhydrous silicic acid which remains is insoluble both in water and in
hydrochloric acid, but is dissolved when boiled with solution of potash or
soda, or their carbonates.

Silicic acid in the naturally crystallised form, as rock crystal and quartz,
is insoluble in boiling solutions of the alkalies, and in all acids except
hydrofluoric ; but amorphous silica (such as that found at Farnham) is
readily dissolved by boiling alkalies. These represent, in fact, two dis-
tinct modifications of silica. A transparent piece of rock crystal may be
heated to bright redness without change, but if it be powdered previously
to being heated, its specific gravity is diminished from 26 to 2-4, and it
becomes soluble in boiling alkalies, having been converted into the amor-
phous modification.

® From éiakbuw, to part asunder.
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Crystals of quartz have been obtained artificially by the prolonged
action of water upon glass at a high temperature under pressuare. When
fused with the oxyhydrogen blowpipe, silica does not crystallise, being
thus converted into the amorphous variety of sp. gr. 2-3.

To prepare the amorphous modification of silica artificially, white sand in very
fine powder may be fused, in a platinum crucible, with six times its weight of a mix-
ture of equal weights of carbonate of potash and carbonate of soda, the mixture being
more easily fusible than either of the carbonates separately. The crucible may be
heated over a gas-burner supplied with a mixture of gas and air, or may be placed in
s little calcined magnesia contained in a fire-clay crucible, which may be covered up
and introduced into a good fire. The platinum crucible is never heated in direct
contact with fuel, since the metal would become brittle by combining with carbon,
gilicon, and salphur derived from the fuel. The magnesia is used to protect the pla-
tinum from contact with the clay crucible. When the action of the silicic acid upon
the alkaline carbonates is completed, which will be indicated by the cessation of the
eflervescence, the platinum crucible is allowed to cool, placed in an evaporating dish,
and soaked for a night in water, when the mass should be
entirely dissolved. Hydrochloric acid is then added to
the solution, with occasional stirring, until it is distinctly
acid to litmus paper. On evaporating the solution, it will,
st a certain point, solidify to a gelatinous mass of hydrated
silicic acid, which would be spirted out of the dish if
evaporation over the flame were continued. To prevent
this, the dish is placed over an empty iron saucepan (fig.
114), so that the heat from the flame may be equally
distributed over the bottom of the dish. When the mass
is quite dry the dish is allowed to cool, and some water
is poured into it, which dissolves the chlorides of potas-
sium aud sodium (formed by the action of the hydro- s
chloric acid upon the silicates of potash and soda), and Fig. 114,
leaves the silicic acid in white flakes. These may -be
collected upon a filter (fig. 115), and washed several times with distilled water.
The filter is then carefully spread out upon a hot iron plate, or upon a hot brick, and
allowed to dry, when the silicic acid is
left as a dazzling white powder, which
must be strongly heated in a porcelain
or platinum crucible to expel the last
traces of water. It is remarkable for
its extreme lightness, especially when
heated, the slightest current of air casily
blowing it away.

79. For effecting such fusions as that
just described, an air-gas blow-pipe (A,
fig. 116) supplied with air from a double
action bellows (B),worked by a treadle (C),
will be found most convenient. Where
gas is not at hand, the fusion may be
effected in a small furnace (fig. 117) sur-
mounted with a conical chimney, and fed
with charcoal.

80. Silicates.—The acid proper-
ties of silicic acid are so feeble that
it is a matter of great difficulty to
determine the proportion of any
base which is required to unite with
it in order to form a chemicall
neutral salt. Like carbonic acid, it does not destroy the action of the alkalies
apon test-papers, a‘nd we are, therefore, deprived of this method of ascer-
taining the proportion of alkali which neutralises it in a chemical sense. In

Fig. 115. —Washing a precipitate.
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attempting fo ascertain the quantity of alkali with which it combines
from that of the carbonic acid which it expels when heated with an
alkaline carbonate, it is found that the proportion of carbonic acid ex-
pelled varies considerably, according to the temperature and the proportion
of alkaline carbonate employed, probably because the attractions of silicie
and carbonic acids for the alkaline bases are pretty evenly balanced.

By heating silicic acid with hydrate of soda (NaO. HO), it is found that
30 parts of silicic acid expel 18 parts of water, however much hydrate of
soda is employed, and the same proportion of water is expelled from
hydrate of baryta (BaO . HO) when heated with silicic acid.

According to the table at page 2, the formula SiO, represents 30 parts
by weight of silicic acid, and 18 parts represent two equivalents of water
which were combined in the hydrates with two equivalents of soda and
baryta respectively. Hence it would appear that one equivalent of silicic
acid is disposed to combine with two equivalents of an alkali, and since it
is found that several of the crystallised mineral silicates contain two
equivalents of a basic protoxide (MO) combined with one equivalent of
silicic acid, it is usual to represent it as a bibasic acid, that is, an acid
requiring two equivalents of an alkali to form a chemically neutral salt.

The circumstance that silicic acid is not capable of being converted into

vapour at a high temperature,
enables it to expel from their
combinations with bases many
other acids which, at ordinary
temperatures, are able to displace
silicic acid. Thus, sulphuric acid
has a far more powerful attrac-
tion for bases than silicic acid, at
the ordinary temperature, but
when a mixture of silicic acid
with a sulphate is strongly heated,
the tendency of the sulphuric acid
to assume the vaporous state at
this temperature determines the
decomposition of the sulphate
and the formation of a silicate.
The silicates form by far the
greatest number of minerals. The
. . different varicties of clay consist
Fig. 116.—Air-gas blowpipe table. of silicate of alumina ; feldspar is
a silicate of alumina and potash ; meerschaum is a silicate of magnesia.

The different kinds of glass are composed of silicates of potash, soda,
lime, oxide of lead, &c.

None but the silicates of the alkalies are soluble in water.

81. Silicon or Silicitum.—From the remarkably unchangeable character
of silica, it is not surprising that it was long regarded as an elementary
substance. In 1813, however, Davy succeeded in decomposing it by the
action of potassium, and in obtaining an impure specimen of silicon. It
has since been produced, far more easily, by converting the silicic acid
into silico-fluoride of potassium (KF.S8iF,), and decomposing this at a
high temperature with potassium or sodium, which combines with the
fluorine to form a salt capable of being dissolved out by water, leaving
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the silicon in the form of a brown powder («morphous silicon) which
resists the action of all acids, except hydrofluoric, which it decomposes,
forming fluoride of silicon and evolving hydrogen (Si + 2HF = SiF, + H,),
It is also dissolved by solution of hydrate of
potash, with evolution of hydrogen, and for-
mation of silicate of potash. It burns bril-
liantly when heated in oxygen, but not com-
pletely, for it becomes coated with silica
which is fused by the intense heat of the
combustion. When heated with the blow-
pipe on platinum foil, it eats a hole through
the metal, with which it forms the fusible
silicide of platinum.

If silico-fluoride of potassium be fused with
aluminum, a portion of the latter combines
with the fluorine, and the remainder com-
bines with the silicon, forming a silicide of
aluminum. By boiling this with hydro-
chloric and hydrofluoric acids in succession,
the aluminum is extracted, and crystalline scales of silicon, with a me-
tallic lustre resembling black lead, are left (graphitoid silicon). In this
form the silicon has a specific gravity of about 2°5, and refuses to burn
in oxygen, or to dissolve in hydrofluoric acid. A mixture of nitric and
hydrofluoric acids, however, is capable of dissolving it. Like graphite,
this variety of silicon conducts electricity, though amorphous silicon is a
non-conductor. The amorphous silicon becomes converted into this in-
combustible and insoluble form under the action of intense heat. It is
worthy of remark that the combustibility of amorphous carbon (charcoal)
is also very much diminished by exposure to a high temperature.

Unlike carbon, however, silicon is capable of being fused at a tempera-
ture somewhat above the melting point of cast iron; on cooling it forms
a brilliant metallic-looking mass, which may be obtained, by certain pro-
cesses, crystallised in octahedra so hard as to scratch glass like a diamond.

In their chemical relations to other substances there is much resem-
blance between silicon and carbon. They both form feeble acids with
oxygen, which correspond in composition. Silicon, however, is capable
of displacing carbon from carbonic acid, for if carbonate of potash be
fused with silicon, the latter is dissolved, forming silicate of potash, and
carbon is separated. Silicon also resembles carbon in its disposition to
unite with certain metals to form compounds which still retain their
metallic appearance. Thus silicon is found together with carbon in cast
iron, and it unites directly with aluminum, zinc, and platinum, to form
compounds resembling metallic alloys. Nitrogen enters into direct union
with silicon at a high temperature, though it refuses to unite with carbon
except in the presence of alkalies. In their relation to hydrogen, these
two elements are widely different, for silicon is only known to form one
compound with hydrogen, and that of a very unstable character.

The hydride of silicon has never yet been obtained in a perfectly pure
state, but its composition is believed to correspond with the formula SiH,.
It derives its interest chiefly from the property of taking fire spontaneously
in contact with the air, in which it burns with a brilliant white flame,
giving off clouds of silica, and depositing a brown film of silicon upon a
cold surface.

Fig. 117.—Charcoal furnace.
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The impure hydride of silicon is prepared by decomposing silicide of magnesium
with dilute hydrochloric acid. The silicide of magnesium is obtained by fusing
chloride of magnesium (MgCl) with silico-fluoride of sodium (NaF.SiF,) and
metallic sodium, when the latter combines with the chlorine and fluorine, leaving
the magnesium free to unite with the silicon.

The chloride of magnesium may be prepared by dissolving ordinary carbonate of
magnesia in hydrochloric acid, adding three parts of chloride of ammonium for each
part of carbonate of magnesia, evaporating to dryness in a porcelain dish, fusing the
residue, and pouring it out on to a clean stone. Being very deliquescent it must be
kept in a well-closed bottle.

Silico-fluoride of sodium is made by neutralising hydro-fluosilicic acid with car-
bonate of soda, and evaporating to dryness.

To increase the fusibility of the mixture, some fused common salt will be re-
quired. Dried salt may be melted in a fire-clay crucible, at a bright red heat, and
poured out upon a clean dry stone.

Forty parts of the chloride of magnesium, 86 of silico-fluoride of sodium, 10 of
fused chloride of sodium, and 20 of sodium in slices, are rapidly weighed, shaken
together in a dry bottle, and thrown into a red-hot clay crucible, which is then
covered and heated as long as the yellow flame of sodium vapour is perceptible.
After cooling, the crucible is broken, when a dark-coloured layer of silicide of mag-
nesium will be found beneath a white layer of chloride and fluoride of sodium. The sili-
cide of magnesium must be rapidly detached, and preserved in a well-stopped bottle.

The silicide of magnesium is coarsely powdered, and introduced into a Woulfe's
bottle (fig. 118), provided with a funnel tube, and a short wide tube for delivering

the gas. The bottle is filled up with water (previously
boiled to expel air, and allowed to cool), and pluced in
the pneumatic trough (containing boiled water), so
that both bottle and tubes may remain filled with
water. A gas-jar, filled with boiled water, having
been placed over the delivery-tube, some strong hydro-
chloric acid is added through the funnel, great care
being taken that no air shall enter. The hydride of
silicon is at once evolved, and must be allowed to
stand over water for some little time, to allow the
froth, caused by a slight separation of silica, to sub-
side. The gas may then be transferred to a capped
jar, with a stop-cock, from which it may be allowed to
pass into the air for the examination of its flame.
Fig. 118. ‘When cast iron, containing silicon, is boiled with
: hydrochloric acid until the whole of the iron is dis-
solved, a grey frothy residue is left. If this be collected on a filter, well washed
and dried, it is found to consist of black scales of graphite, mixed with & very light
white powder. On boiling it with potash, hydrogen is evolved, and the white
powder dissolves, forming a solution containing silicate of potash. This white
powder appears to be identical with a substance obtained by other processes, and
called leucone,® which is believed to have the composition SigH,0,, and has been
regarded as a hydrate of protoxide of silicon, 8SiO. 2HO. Its action upon solution
of potash would be explained by the equation
8i,H;0, + HO 4 6KO = 8(2KO0. 8i0,) + H,.
Leucone is slowly converted into silicic acid, even by the action of water, hydro-
gen being disengaged.

Another compound, containing silicon, hydrogen, and oxygen, has been named

silicone. It is a yellow substance, the general characters of which resemble those of

the compound last described. When exposed, under water, to the action of sun-
light, hydrogen is evolved, and the yellow body becomes converted into leucone.

Combining weight of silicon.—The experiments of Berzelius proved that
8 parts by weight of oxygen combine with 7:4 parts of silicon to forn
gilicic acid. Ifit be assumed that the composition of silicic acid is analo-
gous to that of carbonic acid (CO,), the combining weight of silicon (or

® Aevxos, white.
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the weight combining with O;=16 parts of oxygen) would be 14:8.
More exact experiments have recently fixed the number at 14.

Some chemists represent silicic acid as SiO,, when the combining
weight of silicon (or the weight combining with O, = 24 parts of oxygen)
would be 22-2 (7-4 x 3), or by the more exact experiments, 21.

The atomic weight of silicon is generally represented by the number
28, though here, as in the case of carbon, theoretical considerations are
relied upon, since the specific gravity of vapour of silicon cannot be ascer-
tained by experiment.

The atomic formula of silicic acid would then be 8i0,, representing 28
parts of silicon, combined with 32 parts of oxygen, fonmng 60 parts of
silicic acid.

BORON.

82. Closely allied to silicon is another element, boron, which has at
present never been found in animal or vegetable bodies, but appears to
be entirely confined to the mineral kingdom.

Boracic acid.—A saline substance called boraz (NaO . 2BO, + 10Aq.),
has long been used in medicine, in working metals, and in making imita-
tions of precious stones; this substance was originally imported from
India and Thibet, where it was obtained in crystals from the waters of cer-
tain lakes, and came into this country under the native designation of
tincal, consisting of impure borax, surrounded with a peculiar soapy sub-
stance, which the refiner of borax makes it his business to remove.

In 1702, in the course of one of those tentative experiments to which,
though empmcal in their nature, scientific chemistry is now so deeply
indebted, Homberg happened to distil a mixture of borax and green
vitriol (sulphi;te of iron), when he obtained a new substance in pearly
plates, which was found useful in medicine, and received the name of
sedative salt. A quarter of a century later, Lemery found that this sub-
stance might be separated from borax by employing sulphuric acid instead
of sulphate of iron ; but another quarter of a century elapsed before it
was shown that in borax these pearly crystalline scales were combined
with soda, and were possessed of acid properties which entitle them to
receive the name boracic acid. .

Much more recently this acid has been obtained in a free state from
natural sources, and is now largely imported into this country from the
volcanic districts in the north of Italy, where it issues from the earth in
the form of vapour, accompanied by violent jets of steam, which are
known in the neighbourhood as soffioni. It would appear easy enough,
by adopting arrangements for the condensation of this steam, to obtain
the boracic acid which accompanies it, but it is found necessary to cause
the steam to deposit its boracic acid by passing it through water, for
which purpose basins of brickwork (lagunes, fig. 119) are built up around
the soffioni, and are kept filled with water from the neighbouring springs
or brooks ; this water is allowed to flow successively into the different
lagunes, which are built upon a declivity for that purpose, and it thus
becomes impregnated with about 1 per cent. of boracic acid. The neces-
sity for expelling a large proportion of this water, in order to obtain the
boracic acid in crystals, formed for a long time a great obstacle to the
succees of this branch of industry in a country where fuel is very expen-
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sive. In 1817, however, Larderello conceived the project of evaporating
this water by the steam-hcat afforded by the soffioni themselves, and
several hundred tons of boracic acid are now annually produced in this
manner. The evaporation is conducted in shallow leaden evaporating
pans (A, fig. 119), under which the steam from the soffioni is conducted
through the flues (F) constructed for that purpose. As the demand for
boracic acid increased on account of the immense consumption of borax
in the porcelain manufacture, the experiment was made, with success, of
horing into the volcanic strata, and thus producing artificial soffioni, yield-
ing boracic acid.

The crystals of boracic acid, as imported from these sources, contain
salts of ammonia and- other impurities. They dissolve in about threc
times their weight of boiling water, and crystallise out on cooling, since
they require 26 parts of cold water to dissolve them. These crystals are
represented by the formula 3HO.BO,. If they are sharply heated in &
retort, they partly distil over unchanged, together with the water derived
from the decomposition of another part ; but if they be heated to 212° F.
only, they effloresce, and become converted into HO.BO,. When this
is further heated, the whole of the water passes off, carrying with it a
little boracic acid, and the acid fuses to a glass, which remains perfectly

Ve

Fig. 119.—Boracic lagune and evaporating pans.

transparent on cooling (vitreous boracic acid). This anhydrous boracic
acid is slowly volatilised by the continued action of a very high tempera-
ture. It dissolves very slowly in water. :

A characteristic property of boracic acid is that of imparting a green
colour to flames, Its presence may thus be detected in the steam issuing
from a boiling solution of boracic acid in water, for if a spirit-lamp flame,
or a piece of burning paper, be held in the steam, the flame will acquire
a green tint, especially at the edges.

The colour is more distinctly seen when the crystallised boracic acid is heated on
platinum foil in a spirit-flame or an air-gas flame ; and still better when the crystals
are dissolved in boiling alcohol, and the solution burnt on a plate. The presence of
boracic acid in borax may be ascertained by mixing the solution of borax with strong
sulphuric acid to liberate tho boracic acid, and adding enough alcohol to make the
mixture burn. Another peculiar property of boracic acid is its action upon turmeric.
If a picce of turmeric paper be dipped in solution of boracic acid, and dried at a
gentle heat, it assumes a fine brown-red colour, which is changed to grevn or blue
by potash or its carbonate. In applying this test to borax, the solution is slightly
acidified with hydrochloric acid, to set free the boracic acid, before dipping the paper.
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Borates.—Boracic acid, like silicic, must be classed among the feeble
acida. It colours litmus violet only, like carbonic acid, and does not
neatralise the action of the alkalies upon test-papers. At high tempera-
tures fused boracic acid dissolves the metallic oxides to form transparent
glassy borates, which have, in many cases, very brilliant colours, and upon
this property depend the chief uses of boracic acid in the arts.

Unlike the silicates, the borates are comparatively rare in the mineral
waorld. No very familiar mineral substance contains boracic acid. A
double borate of soda and lime, called boro-natrocalcite, is imported from
Peru for the manufacture of borax; and the mineral known as boracite is
a borate of magnesia.

In determining the proportion of base which boracic acid requires to
form with it a chemically neutral salt, the same difficulties are met with
as in the case of silicic acid (p. 105); but since it is found that 35 parts of
horacic acid (the weight represented by BO,) displace 27 parts of water
(three equivalents) from hydrate of soda and from hydrate of baryta, both
employed in excess, it would appear that the boracic acid requires three
equivalents of a basic protoxide (MO) fully to satisfy its acid character,
so that it is a fribasic acid, a conclusion which is supported by other
evidence.

83. Boron.—It was in the year 1808 that Gay-Lussac and Thénard
succeeded, by fusing anhydrous boracic acid with potassium, in extracting
from it the element boron as an olive-green powder (amorphous boron),
which has a general resemblance to silicon, but, unlike that element, may
be oxidised by nitric acid. It also requires a higher temperature to fuse
it than is required by silicon. The graphitoid boron, corresponding to the
black-lead variety of carbon, is obtained in brilliant copper-coloured scales
by a process similar to that which furnishes the graphitoid silicon.

The most remarkable form of horon is the crystallised variety or diamond
of boron, which is obtained by very strongly heating amorphous boron
with aluminum, and afterwards extracting the aluminum from the mass
with hydrochloric acid. These crystals are brilliant transparent octahedra,
which are sometimes nearly colourless, and resemble the diamond in their
power of refracting light, and in their hardness, which is so great that
they will scratch rubies, and will even wear away the surface of the
diamond.* This form of boron cannot be attacked by any acid, but is
dissvlved by fused hydrates of the alkalies. The flame of the oxyhydrogen
blowpipe does not fuse it, and it only undergoes superficial conversion
into boracic acid when heated to whiteness in oxygen. When heated to
redness in chlorine, however, it burns, forming chloride of boron. Boron
closely resembles silicon in its chemical relations to the other elements.
It is not known, however, to form a compound with hydrogen, and has a
greater disposition to combine with nitrogen than is manifested by silicon.
It absorbs nitrogen readily when heated to redness, forming a white
infusible insoluble powder, the nitride of boron (BN).

Combining weight of boron.—According to the experiments of Davy,
8 parts by weight of oxygen combine with 3:76 parts of boron to form
boracic acid. Berzelius found, in borax, that one equivalent of soda (31
parts) was combined with 695 parts of boracic acid. This would contain,
according to Davy, 473 parts of oxygen, and if it be taken to represent

* The author has known them to cut through the bottom of the beaker-glass used in
separating them from the aluminum.
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one equivalent of boracic acid, that of boron would be (695 —47-3=)
222, and the formula of boracic acid would be BO, (representing 22-2
parts of boron and 48 parts of oxygen). There are reasons, however, for
believing that borax really contains two equivalents of boracic acid, com-
bined with one equivalent of soda, so that the equivalent of boron would
be the half of 222, or 11'1 (by more exact experiments, 11), and
boracic acid would be BO, (11 parts of boron with 24 parts of oxygen).
The same number is generally taken for the atomic weight of boron, the
atomic formula of boracic anhydride being written B,0,, and that of the
crystallised acid HBO,. H,0.

84. The elements carbon, boron, and silicon form a natural group, pos-
sessing many properties in common. They are all capable of existing in
the amorphous, the graphitoid, and the crystalline forms ; all incapable of
being converted into vapour; all exhibit a want of disposition to dissolve ;
all form feeble acids with oxygen by direct union; and all unite with
several of the metals to form compounds which resemble each other.
Boron and silicon are capable of direct union with nitrogen, and so is
carbon if an alkali be present. LRecent researches attribute to silicon
the power of occupying the place of carbon in some organic compounds,
and the formulae of leucone and silicon (Si,H,0, and Si,H,0,) strongly
remind us of the organic compounds of carbon with hydrogen and
oxygen. In many of its physical and chemical characters, silicon is closely
allied with the metals, and 1t will be found that tin and titanium bear a
particular resemblance to it in their chemical relations.

NITROGEN.

85. This element, which has already been referred to as forming four-
fifths of the volume of air, is elsewhere found in nature in the forms of
saltpetre or nitrate of potash (KO .NO,), and Chili saltpetre or nitrate of
soda (NaO.NO,). It also occurs as ammonia (NH,) in the atmosphere
and in the gaseous emanations from volcances. It is contained in the
greater number of animal, and in many vegetable substances, and therefore
has a most important shate in the chemical phenomena of life.

Nitrogen is generally obtained by burning phosphorus in a portion of
air confined over water (fig. 120.) The phosphorus is floated on the water
in a small porcelain dish, kindled, and
covered with a belljar. The nitrogen
remains mixed with clouds of phosphoric
acid (PO,), which may be removed by
allowing the gas to stand over water.

‘When nitrogen is required in larger
quantity, it is more conveniently prepared
by passing air from a gas-holder over
metallic copper heated to redness in a tube.
The negative properties of this gas, how-
ever, are 8o very uninteresting, and render
itso useless formost chemical purposes, that
it will be unnecessary to give further de-
tails respecting its preparation. The re-
markable chemical inactivity of free nitrogen has been alluded to in the
article on atmospheric air. It has been seen, however, to he capable of

Fig. 120.—Preparation of nitrogen.
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combining directly with boron and silicon, and magnesium and titanium
unite with it even more readily at a high temperature. It is conspicuous
among the elements for forming, with hydrogen, a powerful alkali (am-
monia, NH,), and with oxygen a powerful acid (nitric acid, NO,), whilst
the feeble chemical ties which hold it in combination with other elements,
joined to its character of a permanent gas, render many of its compounds
very unstable and explosive, as is the case with the so-called chloride
and iodide of nitrogen, gun-cotton, the fulminates of silver and mercury,
nitroglycerine, &c.

The discovery of nitrogen was made by Rutherford (Professor of Botany
in the University of Edinburgh) in 1772, who was led to it by the obser-
vation, that respired air was still unfit to support life when all the carbonic
acid bad been absorbed from it by a caustic alkali. Hence the name azote
(d priv. and {wy life) formerly bestowed upon this gas.

AMMONIA.

86. The proportion of ammonia existing in atmospheric air is so small
that it is difficult to determine it with precision ; it appears, however, not
to exceed one-hundredth of a grain in a cubic foot. This scarcity of
ammonia in air is not to be accounted for by a scantiness in the supply,
but rather by an excess in the demand ; since ammonia is constantly sent
forth into the air by the putrefaction of animal and vegetable substances
containing nitrogen. Plants do not appear to be capable of absorbing
from the atmosphere the nitrogen which it contains so abundantly in the
ugcombined form, but to derive their chief supply of that element from
the ammonia, brought down by rain from the atmosphere, into which it is
continually introduced from various sources. During the life of an
animal, it restores to the air the nitrogen which formed part of its wasted
organs, in part directly as ammonia in the breath and in the exhalation
from the skin,* whilst another portion is separated as urea and uric acid
in the urine, to be eventually converted into ammonia when the excretion
undergoes putrefaction. Dead animal and vegetable matter when putre-
fying, restores its nitrogen to the air, chiefly in the forms of ammonia and
substances closely allied to it, but partly also, it is said, in the free state.

The liquor ammonie, or solution of ammonia in water, which is so largely
used in medicine and the arts, is obtained chiefly from the ammoniacal
liquor resulting from the destructive distillation of coal for the manufac-
ture of gas. The ammoniacal liquor of the gas-works contains ammonia
in combination with carbonic and hydrosulphuric acids. As the first step
towards extracting the ammonia in a pure state, the liquor is neutralised
with hydrochloric acid, which combines with the ammonia, expelling the
carbonie and hydrosulphuric acid gases. Since the latter has a very bad
smell and is injurious to health, the neutralisation is generally effected
in covered vats furnished with pipes, which convey the gases into a furnace
where the hydrosulphuric acid is burnt, forming water and sulphurous
acid. The solution of hydrochlorate of ammonia is evaporated to expel
part of the water, and allowed to cool in wooden vessels lined with lead,
where the hydrochlorate is deposited in crystals which contain a good

e Some doubt exists as to the exhalation of ammonia from the lungs and skin of man
nnder normal conditions,
H
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deal of tarry matter. These crystals are moderately heated in an iron pan
to deprive them of tar, and are finally purified by sublimation, that is, by
converting them into vapour, and allowing this vapour to condense again
into the solid form. For this purpose the crys-
tals are heated in a cylindrical iron vessel covered
with an iron dome lined with fireclay. The hydro-
chlorate of ammonia rises in vapour below a red
heat, and condenses upon the dome in the form of
the fibrous cake known as sal-ammoniac in com-
merce.

To obtain ammonia from this salt, an ounce of
it is reduced to coarse powder, and rapidly mixed
with two ounces of powdered quick-lime. The
mixture is gently heated in a dry Florence flask
(fig. 121), and the gas, being little more than half
as heavy as air (sp. gr. 0'59), may be collected
g : in dry bottles by displacement of air, the bottles

) — being allowed to rest upon a piece of tin plate

Fig. 121.—Preparation of  which is perforated for the passage of the tube.

ammonia. . . o

To ascertain when the bottles are filled, a piece of

red litmus paper may be held at some little distance above the mouth,

when it will at once acquire a blue colour if the ammonia escapes. The
bottles should be closed with greased stoppers.

The action of the lime upon hydrochlorate of ammonia is explained by
the following equation :—

NH,.HCl] + CaO = CaCl + HO + NH;
Hydrochlor. amm. Lime.  Chloride of calcium. Ammonia

The readiest method of obtaining gaseous ammonia for the study of its proper-
ties consists in gently heating the strongest ligwr ammonie in a retort or flask pro-
vided with a bent tube for collecting the gas by displacement (fig. 122). The gas
is evolved from the solution at a very
low heat, and may be collected un-
accompanied by steam.

Ammonia is ‘eadily distin-
guished by its very characteristic
smell, and its powerful alkaline
action upon red litmus and tur-
meric papers. It is absorbed by
water in greater proportion by
volume than any other gas, one
volume of water absorbing more
than 700 volumes of ammonia
at the ordinary temperature, and
becoming one-and-a-half volumes
of solution of ammonia of specific
gravity 0-88. No chemical com-
bination appears to take place between the water and ammonia, for the
gas gradually escapes on exposing the solution to the air, and no definite
compound of the two has been noticed. The escape of the gas from
the solution is attended with great production of cold, much heat be-
coming latent in the conversion of the ammonia from the liquid to the
guseous state.

The rapid absorption of ammonia by water is well shown by filling a globular
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flask (fig. 128) with the gas, placing it with its mouth downwards in a small capsule
of mercury which. is placed in a large basin. If
this basin be filled with water, it cannot come into
contact with the ammonia until the mouth of the
flask is raised out of the mercury, when the water
will quickly enter and fill the flask. The water
should be coloured with reddened litmus to exhibit
the alkaline reaction of the ammonia.

To exhibit the easy expulsion of the ammoniacal
gas from water by heat, a moderately thick glass
tobe, about 12 inches long and half an inch in dia-
meter, may be nearly filled with mercury, and then
filled up with strong solution of ammonia ; on closing
it with the thumb and inverting it into a vessel of
mercury (fig. 124) the solution will, of course, rise s
;bove the mercury to the closed end of the tube. By Fig. 123.

grasping this end of the tube in the hand, a con-
siderable quantity of gas may be expelled, and the meroury will be depressed. I1f
a little hot water be poured over the top of the tube, the latter will become filled
with ammoniacal gas, which will be absorbed again by the water when the tube is
allowed to cool, the mercury re-
turning to fill the tube.

The solution of ammonia,
which is an article of com-
merce, is prepared by conduct-
ing the gas into water con-
tained in a two-necked bottle,
the second neck being con-
nected with a tube passing
into another bottle containing
water, in which any escaping
ammonia may be condensed.
The strength of the solution is
inferred from its specific gra-
vity, which is lower in propor
tion as the quantity of am-
monia in the solution isgreater.

Thus, at 57° F., a solution of
sp. gr. 08844 contains 36 parts by i :
weight of ammonia in 100 parts Fig. 124.
of solution; the sp. gr. 0-8976 in-
dicates 80 per cent.; 09106, 25 per cent.; 0-9251, 20 per cent.; 0-9414, 15 per
cent.; 09598, 10 per cent 0-979, 6 per cent. The speclﬁc gravity is nscertained by
comparing the weights of equal volumes of water and of the
solution at the same temperature. For this purpose, a light
stoppered bottle is provided, capable of containing about two
fluid ounces. This is thoroughly dried, and counterpoised in
a balance by placing in the opposite pan a piece of lead, which

{‘be cut down to the proper weight. The bottle is then filled
with solution of ammonia, the temperature observed with a ther-
mometer and recorded, the stopper inserted, and the bottle weighed.
It is then well rinsed out filled with distilled water, the tempera-
ture equalised with that of the ammonia by placing the bottle
either in warm or cold water, und the weight ascertained as before.
The specific gravity is obtained by dividing the weight of the solu-
tion of ammonia by that of the water. The ammonia-meter (fig.
125) is a convenient instrument for rapidly ascertaining the specific
gravity of liquids lighter than water. It consists of a hollow glass
float with a long stem, weighted with a bulb containing shot or mer-
cury, 80 that when placed in distilled water it may sink to 1000° of the
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scale marked on the stem, this number representing the specific gravity of water.
When placed in a liquid lighter than water, it must, of course, sink lower in order
to displace more liquid (since solids sink until they have displaced their own weight
of liquid). By trying it in liquids of known specific gravities, the mark upon the
scale to which it sinks may be made to indicate the specific gravity of the liquid.
The ammonija-meter generally has a scale so divided that it indicates at once the
per-centage weight of ammonia. In this country the specific gravity of a liquid is
always supposed to be taken at 62° F.

The common name for solution of ammonia, spirit of hart's horn, is
derived from the circumstance that it was originally obtained for medi-
cinal purposes by distilling shavings of that material.

When ammonia is exposed to a temperature of — 40° F. (.. 72° below
the freezing-point), or to a pressure of 64 atmospheres at 50°, it condenses
to a clear liquid, which solidifies at 4 temperature of — 103° F. to a white
crystalline mass. The comparative ease
with which it may be liquefied has led
to its application in Carré’'s freezing
apparatus (fig. 126), in which the gas
generated by heating a concentrated
solution of ammonia in a strong iron
boiler (A) is liquefied by its own pres-
sure in an iron veceiver (B) placed in
cold water. When the boiler is taken
off the fire and cooled in water, the
liquefied ammonia evaporates very ra-
pidly from the receiver back into the
.. boiler, thereby producing so much cold

[T = that a vessel of water placed in a cavity
IERRRAR IR AN (C) in the receiver is at once congealed
Fig. 126.—Carré's freezing apparatus.  into ice. A refrigerator constructed
upon this principle is employed in the
salt gardens of the south of France, in order to render their crystallising
operations indcpendent of the temperature of the air.

The liquefaction of ammonia is very easily effected by heating the ammoniated
chloride of silver in one limb of a sealed tube, the other limb of which is cooled in a
freezing mixture. A piece of stout light green glass tube (A, fig. 127), about 12

inches long and half an inch in
AgE ) diameter, is drawn out at about an

inch from one end to & narrow neck.

B About 800 grains of chloride of silver
= ((ried at 400° F.) arec introduced into
the tube, so as to lie loosely in it.

cCE ) For this purpose a gutter of stiff
paper (B) should be cut so as to slide

D loosely in the tube, the chloride of
silver placed upon it, and when it

has been thrust into the tube (Leld

horizontally) the latter should be

turned upon its axis, so that the chlo-

ride of silver may fall out of the

aper, which may then be withdrawn.

he tube is now drawn out to a

narrow neck at about an inch from

the other end, as in C, and after

+ wards carefully bent, as in D, care

being taken that noue of the chloride of silver falls into the short limb of the tube,
which should be about four inches long. The tube is then supported by a holder,
8o that the long limb may be horizoutal, and is conuected, by a tube und cork

T T e

Fig. 127.

A
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with an apparatus delivering dry ammonia, prepared by heating 1000 grains of -
sal-ammoniac with an equal weight of quick-lime in a flask, and passing the gas,
first into an empty bottle (A, fig. 128) standing in cold water, and afterwards
through a bottle (B) filled with lumps of quick-lime to absorb all aqueous vapour.

Fig. 128.

The long limb of the tube must be surrounded with filtering paper, which is kept
wet with cold water. The current of ammonia should be continued at a moderate
rate, until the tube and its contents no longer increase in weight, which will occupy
about three hours—about 35 grains of ammonia being absorbed. The longer limb
is sealed by the blowpipe flame whilst the gas is still passing, and then, as quickly
as possible, the shorter limb, keeping that part
of the tube which is occupied by the ammoni-
ated chloride of silver still carefully surrounded
by wet paper.

When the shorter limb of this tube (fig. 129)
is cooled in & mixture of ice and salt (or of 8
ounces of sulphate of soda and 4 measured ounces
of common hydrochloric acid), whilst the longer
limb is gently heated from end to end by waving
a spirit flame beneath it, the ammonia evolved 3
by the heat frgm the ammoniated chloride or ) . . .
silver, which partly fuses, will condense into a Fig- 129.—Liquefaction of ammonia.
beautifully clear liquid in the cold limb. When
this is withdrawn from the freezing mixture, and the tube allowed to cool, the
liquid ammonia will boil and gradually disappear entirely, the gas being again
absorbed by the chloride of silver, so that the tube is ready to be used again.

Ammonia is feebly combustible
in atmospheric air, as may be
seen by holding a taper just
within the mouth of an inverted
bottle of the gas, which burns
with a peculiar livid flickering
light around the flame, but will
not continue to burn when the
flame is removed. During its
combustion the hydrogen is con-
verted into water, and the nitro-
gen set free. In oxygen, how-
ever, ammonia burns with a
continuous flame,

This is very well shown by sur-
rounding a tube delivering a stream

of ammonia (obtained by heating strong solution of ammonia in a retort) with a
much wider tube open at both ends (fig. 180), through which oxygen is passed by
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- holding the flexible tube from a gas-bag or gas-holder underneath it. On kindling
the stream of ammonia it will give a steady flame of ten or twelve inches long.
A similar experiment may be made with a smaller supply of oxygen, by lowering
: the tube delivering ammonia into a
bottle or jar of oxygen, and apply-
ing a light to it just as it enters the
mouth of the jar (fig. 181).

The elements of ammonia are
easily separated from each other
by passing the gas through a red-
hat tube, or still more readily
by exposing it to the action of
the high temperature of the elec-
tric spark, when the volume of
the gas rapidly increases until
it is exactly doubled, one volume
of ammonia being decomposed
into § volume of nitrogen and 3 volumes of hydrogen.

For this experiment a measured volume of ammonia gas is confined over mercury
(fig. 182), in a tube through which platinum wires are sealed for the passage of the
spark from an induction-coil. The volume of the gas
is doubled in a few minutes, and if the tube be fur-
nished with a stop-cock (A), the presence of free hydrogen
may be shown by filling the open limb with mercury and
kindling the gas as it issues from the jet.*

As might be expected from its powerfully alka-
line character, ammonia exhibits a strong attrac-
tion for acids, which it neutralises perfectly. If
a bottle of ammonia gas, closed with a glass plate,
be inverted over a similar bottle of hydrochlorie
acid gas, and the glass plates withdrawn (fig. 133),
the gases will combine, with disehgagement of
much heat, forming a white solid, the hydrochlorate
of ammonia (NH,. HCI), in which the acid and
alkali have neutralised each other. Again, if
ammonia be added to diluted sulphuric acid,
the latter will be entirely neutralised, and by
evaporating the solution, crystals of the sul-
phate of ammonia (NH,. HO.SO,) may be
obtained.

The substances thus produced by neutralising
the acids with solution of ammonia bear a strong
resemblance to the salts formed by neutralising the same acids with solu-
tions of potash and soda, a circumstance which would encourage the
idea that the solution of ammonia must oontain an alkaline oxide similar
to potash or soda.

Berzelius was the first to make an experiment which appeared strongly
to favour this view (commonly spoken of as the ammonium theory of
Berzelius). The negative pole of a galvanic battery was placed in con-

® The endivmeter for passing electric sparks in rapid succession must have the platinum
wires passed through the glass as shown in fig. 132, or it will be cracked by the heat of
the sparks. The outlet tube B, closed by a small screw clamp C, pinching a caoutchouc
eonnlectob:, allows the mercury to be drawn off when neceseary, to equalise the level in the
two limbs.
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tact with mercury at the bottom of a vessel containing a strong solution of
ammonia, in which the positive pole of the battery was immersed. Oxygen
was disengaged at this pole, whilst the mer
cury in contact with the negative pole swelled
to four or five times its original bulk, and
became a soft solid mass, still preserving,
however, its metallic appearance. So far,
the result of the experiment resembles that
obtained when hydrate of potash is decom-
posed under similar circumstances, the oxygen
separating at the positive pole, and the potas-
sium at the negative, where it combines with
the mercury. Beyond this, however, the ; -
analogy does not hold ; for in the latter case Fig. 138.

the metallic potassium can be readily separ- )

ated from the mercury, whilst in the former, all attempts to isolate the
ammonium have failed, for the soft solid mass resolves itself, almost
immediately after its preparation, into mercury, ammonia (NH,), and
hydrogen, one equivalent of the latter being separated for each equivalent
of ammonia. This would also tend to support the conclusion, that a sub-
stance having the composition NH, + H or NH, had united with the
mercury ; and since the latter is not known to unite with any non-metallic
substance without losing its metallic appearance, it would be fair to con-
clude that the soft solid was really an amalgam of ammonium. How-
ever, the increase in the weight of the mercury is so slight, and the
“amalgam,” whether obtained by this or by other methods, is so unstable,
that it would appear safer to attribute the swelling of the mercury to a
physical change caused by the presence of the ammonia and hydrogen
gases. It is difficult to believe that the solution of ammonia does really
contain an oxide of ammonium (NH,0), when we find it evolving
ammonia 8o easily; but it is equally difficult, upon any other hypo-
thesis, to explain the close resemblance between the salts obtained by
neutralising acids with this solution, and those furnished by potash and
soda.

The ordinary mode of exhibiting the production of the so-called amalgam of ammo-
nim consists in acting upon the hydrochlorate of ammonia (NH, . HCl), or chloride of
ammonium (NH,Cl), with the amalgam of sodium. A little pure mercury is heated
in a test-tube, and a pellet of sodium thrown into it, when combination takes place
with great energy. When the amalgam is nearly cool it may be poured into a
larger tube containing a moderately strong solution of chloride of ammonium ; the
amalgam at once swells to many times its former bulk, forming a soft, solid sub-
stance lighter than water, which may be shaken out of the tube as a cylindrical
mass, decomposing rapidly with effervescence, evolving ammonia and hydrogen, and
soon recovering its original volume and liquid condition.

87. Combining weight and volume of ammonia.—It is found by experi-
ment that one combining weight (365 grains) of hydrochloric acid requires
17 grains of ammonia to effect complete neutralisation by combining with
it to form hydrochlorate of ammonia. This result being confirmed by
observations upon other acids, 17 is regarded as representing the combin-
ing weight (or equivalent) of ammonia. This quantity of the gas occupies
four times the volume of 8 parts by weight (one equivalent) of oxygen, so
that if this gas be taken as the unit of volume, the combining volume of
ammonia will be 4. Since the 17 parts by weight of ammonia occupy
twice the volume of one part by weight (one equivalent) of hydrogen, if
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that gas be taken as the unit of volume, the combining volume of ammonia
will be 2.

88. Combining weight and volume of nitrogen.—17 grains of ammonia
have been proved to contain 14 grains of nitrogen combined with 3
grains of hydrogen. The latter gas being taken as the unit of combin-
ing weights, the 3 grains would represent 3 combining weights of hydro-
gen, and the question arises, How many combining weights of nitrogen
are represented by the 14 grains? On referring to the composition of
ammonia by volume, we find that it furnishes three volumes of hydrogen
for one volume of nitrogen when decomposed by the electric spark
(p. 118), and hence it seems reasonable to conclude that it contains
one combining weight of nitrogen (14) and three combining weights of
hydrogen (3), when the combining volume of nitrogen (or the volume
occupied by its combining weight) will be equal to that of hydrogen.

It will also be seen hereafter that the hydrogen in ammonia can be
replaced by other bodies in thirds, showing that there must be three
atoms of hydrogen present, whilst the 14 parts of nitrogen cannot be
replaced in fractions, so that it must represent a single atom.

The composition of ammonia by weight and volume is exhibited in the
following table :—

|O=1voL | H=1vol Plrubywelghl.l

Nitrogen . . .| 1 equivt. 2 vols. 1 vol. 14 |
Hydrogen . . . | 8 equivts. | 6 vols. | 3 vols. 8
Ammonia . . .| 1 equivt. 4 vols. 2 vols. 17

It will be seen that the atomic or molecular formula of ammonia, based
upon the assumption that one volume of an element in the gaseous state
represents one atom, coincides with its equivalent formula.

89. Determination of nitrogen in organic substances.—An exact know-
ledge of the composition of ammonia is of great importance, because the
general method of ascertaining the proportion of nitrogen present in animal
and vegetable substances consists in converting that element into ammonia,
which, being collected and weighed, furnishes by calculation the weight of
nitrogen present.

To ascertain the proportion of nitrogen present in an organic substance, 8 weighed

quantity of it is mixed with a

< large proportion of soda-lime (n

- mixture of hydrate of soda and

hydrate of lime), and introduced
into a tube of German glass %&,
fig. 184) to which is attached, by
a perforated cork, abulb apparatus
- ! =--  (B) containing hydrochloric acid.
— Lo e n heating the tube inch by inch

Fig. 134.-Estimation of nitrogen. with a charcoal or gas farnace,
the nitrogen of the substance is

evolved in combination with the hydrogen of the hydrates, in the form of ammonia,
which is absorbed by the hydrochloric acid in the bulbs. When the whole length
of the tube has been heated, the point (C) is nipped off, and air drawn through by
applying suction to the orifice (D) of the bulb apparatus, so that all the ammonia
may be carried into the hydrochloric acid. Its weight is then ascertained, either by




CALCULATION OF FORMULAE. 121

evaporating the liquid in & weighed dish placed over a steam bath, and weighing the
hydrochlorate of ammonia, or more accurately by converting it into the double
chloride of platinum and ammonium. Sometimes a solution of sulpharic acid of
kmown strength is substituted for the hydrochloric acid in the bulbs, and the
weight of the ammonia is ascertained by determining the quantity of acid which
has been neutralised.

To illustrate the change which takes place when the organic substance is heated
with the hydrates of soda and lime, let it be supposed that urea is the substance sub-
mitted to analysis.

C,H,N,0; + Na0.HO + Ca0.HO = Na0.CO, + Cs0.CO, + 2NH,

Urea.

The hydrate of soda alone would produce the same result, but would corrode the
glass too rapidly.

In the analysis of an organic substance containing carbon, hydrogen,
nitrogen, and oxygen, the proportions of carbon and hydrogen having been
ascertained by the method described at p. 73, and that of nitrogen by the
process given above, the sum of the carbon, hydrogen, and nitrogen is
deducted from the entire weight of the substance to obtain the proportion
of oxygen. The weights thus found are divided by the combining weights
of the several elements to obtain the empirical formula, which is converted
into a rational formula on the principle illustrated at p. 75.

For example, 10 grs. of urea were found to contain 2 grs. of carbon, 0'66
gr. of hydrogen, and 467 grs. of nitrogen.

10 grs. of urea minus 7-33 (carbon, hydrogen, and nitrogen) = 267 grs.
of oxygen.

Dividing each of these numbers by the combining weight of the ele-
ment to which it refers, we have,

20 -+ 6 = 033 of a combining weight of carbon,
066 - 1 = 066 ’ " hydrogen,
467 - 14 = 033 . ” nitrogen,
267 - 8 = 033 ” ” oxygen,

leading to the empirical formula C H,N.O,, or in its simplest form,
CH,NO, for urea. But urea is an organic base, capable of uniting with
acids to form salts, and it is found that to neutralise one combining
weight (36-5 parts) of hydrochloric acid, 60 parts of urea are necessary.
This quantity would contain 12 parts (two combining weights) of carbon,
4 parts (four combining weights) of hydrogen, 28 parts (two combining
weights) of nitrogen, and 16 parts (two combining weights) of oxygen, so
that the true formula for urea would be C,H,N,0,.

90. Formation of ammonia in the rusting of iron.—Although free
nitrogen and hydrogen cannot be made to form ammonia by direct com-
bination, this compound is produced when the nitrogen meets with
hydrogen in the nascent state; that is, at the instant of its liberation from
a combined form. Thus, if a few iron filings be shaken with a little water
in a bottle of air, so that they may cling round the sides of the bottle, and
a piece of red litmus paper be suspended between the stopper and the neck,
it will be found to have assumed a blue colour in the course of a few hours,
and ammonia may be distinctly detected in the rust which is produced.
It appears that the water is decomposed by the iron, in the presence of the
carbonic acid of the air and water, and that the hydrogen liberated enters
at once into combination with the nitrogen, held in solution by the water,
to form ammonia.
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91. Production of nitrous and nitric acids from ammonia.—If a few drops
of a strong solution of ammonia be poured into a pint bottle, and ozonised
air (from the tube for ozonising by induction, fig. 10) be passed into the
bottle, thick white clouds will speedily be formed, consisting of nitrite of
ammonia, the nitrous acid having been produced by the oxidation of the
ammonia at the expense of the ozonised oxygen—

2NH, + O, = NH,.HO.NO, + 2HO

Nitrite of ammonia.

If copper filings be shaken with solution of ammonia in a bottle of air,
white fumes will also be produced, together with a deep blue solution
containing oxide of copper and nitrite of ammonia ;
the act of oxidation of the copper appearing to have
induced a simultaneous oxidation of the ammonia.

A coil of thin platinum wire made round a pencil,
if heated to redness at the lower end and suspended
in a flask (fig. 135) with a little strong ammonia at
the bottom, will continue to glow for a great length
of time,.in consequence of the combination of the
ammonia with the oxygen of the air taking place at
its surface, attended with great evolution of heat.
Thick white clouds of nitrite of ammonia are formed,
and frequently red vapour of nitrous acid (NO,) itself.

If a tube delivering oxygen gas be passed down to the bottom of the flask (fig.
136), the action will be far more energetic, the heat of the platinum rising to white-
ness, when an explosion of the mixture of ammonia and
oxygen will ensue. After the explosion the action will
recommence, so that the explosion will repeat itself as often
as may be wished. It is unattended with danger if the
mouth of the flask be pretty large. By regulating the
stream of oxygen, the bubbles of that gas may be made to
bl:xrt;i asktbey pass through the ammonia at the bottom of
the flask.

3 55 In the presence of strong bases, and of porous
5= materials to favour oxidation, ammonia appears to
) ) be capable of suffering further oxidation and conver-

Fig. 136. sion into nitric acid, which combines with the base

to form a nitrate, thus—

NH; + CaO + O, = CaO.NO, + 3HO

Nitrate of lime,

Fig. 135.

This formation of nitrates from ammonia is commonly referred to as
nitrification, and appears to play an important part in the formation of
the natural supplies of saltpetre which are of so great importance to the
arts.*

CompouNDs OF NITROGEN AND OXYGEN.

92. Though these elements in their pure state exhibit no attraction for
each other, five _compounds, which contain them in different proportions,
have been obtained by indirect processes. The relative proportions of

* The charcoal which has been used in the sewer ventilato X
contain sprcoal which has be wer ventilators (see p. 59) has been found to
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oxygen in these compounds are exhibited in the following table, where
the weight of nitrogen present is supposed to remain constant :—

Ozides of Nitrogen.

By Weight.

uivalent

Nea Formaa.
N 0
Nitrous oxide . . . . NO 14 8
Nitric oxide . . . . NO, 14 16
Nitrous acid . . . . NO, 14 24
Nitric peroxide . . . No, 14 32
Nitricaeid . . . . . NO, 14 40

When a succession of strong electric sparks from the induction coil is
passed through atmospheric air in a flask (especially if the air be mixed
with oxygen), a red gas is formed in small quantity, which is either nitrous
acid (NO,) or nitric peroxide (NO,).

If the experiment be made in a graduated eudiometer (fig. 187), standing over
water coloured with blue litmus, the latter will very soon be reddened by the acid
formed, and the air will be found to diminish very considerably in
volume, eventually losing its power of supporting combustion, in
consequence of the removal of oxygen.

When hydrogen gas, mixed with a small quantity of
nitrogen, is burnt, the water collected from it is found to
have an acid taste and reaction, due to the presence of &
little nitric acid, resulting from the combination of the
nitrogen with the oxygen of the air under the influence of
the intense heat of the hydrogen flame.

Since all the compounds of nitrogen and oxygen are ob-
tained, in practice, from hydrated nitric acid (HO . NO,),
the chemical history of that substance must precede that
of the bodies enumerated in the above table.

NiTtric Acip.

93. This most important acid is obtained from saltpetre, which is found
as an incrustation upon the sur-
face of the soil in hot and dry
climates, as in some parts of
India and Perw. The salt im-
ported into this country from
Bengal and Oude consists of
nitrate of potash (KO.NO,),
whilst the Peruvian or Chilian
saltpetre is nitrate of soda
(NaO.NO,). Either of these : .. MRS v
will serve for the preparation Fig. 138 —Preparation of nitric acid.
of nitric acid.

On the small scale, in the laboratory, nitric acid is prepared by distilling
nitrate of potash with an equal weight of concentrated sulphuric acid.
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In order to make the experiment, four ounces of'powdered nitre, thoroughly dried,
may be introduced into a pint-stoppered retort (fig. 138), and two and a half mea-
sured ounces of concentrated sulphuric acid poured upon it. As soon as the acid
has soaked into the nitre, a gradually increasing heat may be applied by means of
an Argand burner, when the acid will distil over. It must be preserved in a stop-
pered bottle.

When the acid has ceased distilling, the retort should be allowed to cool, and filled
with water. On applying a moderate heat for some time, the saline residue will be
dissolved. The solution may then be poured into an evaporating dish, and evapor-
ated down to a small bulk. On allowing the concentrated solution to cool, crystals
of bisulphate of potash (KO . HO.280,) are deposited. a salt which is very useful in
many metallurgic and analytical operations.

The decomposition of nitrate of potash by an equal weight of concen-
trated sulphuric acid is explained by the equation—

KO.NO, + 2(HO.S0,) = HO.NO, + KO.S0, HO. SO,

Nitrate of Hydrated Hydrated
potash. sulphuric acid. nitric acid. Bisulplate of potash.

It would appear at first sight that one-half of the sulphuric acid might
be dispensed with, but it is found that when one equivalent only of sul-
phuric acid is employed, so high a temperature is required to effect the
complete decomposition of the saltpetre (the above equation then repre-
senting only the first stage of the action), that much of the nitric acid is
decomposed; and the neutral sulphate of potash (KO . SO,), which would

be the final result, is not
nearly so easily dissolved
out of the retort by water
as the bisulphate.

For the preparation of
large quantities of nitric
acid, the nitrate of soda
is substituted for nitrate
of potash, being much
cheaper, and furnishing a
larger proportion of nitric
acid.

The nitrate of soda is intro-
duced into an iron cylinder
(A, fig. 189), lined with fire-
clay to protect it from the ac-
tion of the acid, and half its
weight ot sulphuric acid (oil of vitriol) is poured npon it. Heat is then applied by
a furnace, into which the cylinders are built, in pairs, when the hydrated nitric acid
passes off in vapour, and is condensed in a series of stoneware bottles (B) surrounded
with cold water.

Fig. 139.—Preparation of nitric acid.

NsO.NO, + HO.S0, = Na0.S0, + HO.NO,
Nitrate of Sulphate of Hydrated
soda. Oil of vitrlol, ods. nitric acid.

The sulphate of soda left in the retort is useful in the manufacture of glass.

In the preparation of nitric acid, it will be observed at the beginning
and towards the end of the operation, that the retort becomes filled with a
red vapour. This is due to the decomposition of a portion of the colour-
less vapour of nitric acid by heat into water, oxygen, and nitric peroxide—

HO.NOs = HO + O + NO,
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this last forming the red vapour, a portion of which is absorbed by the
hydrated nitric acid, and gives it a yellow colour. The pure nitric acid
is colourless, but if exposed to sunlight it becomes yellow, a portion
suffering this decomposition. In consequence of the accumulation of the
oxygen in the upper part of the bottle, the stopper is often forced out
suddenly when the bottle is opened, and care must be taken that drops
of this very corrosive acid be not spirted into the face.

The strongest nitric acid (obtained by distilling perfectly dry nitre
with an equal weight of pure oil of vitriol, and collecting the middle
portion of the acid separately from the first and last portions, which are
somewhat weaker) emits very thick grey fumes when exposed to damp
air, because its vapour, though itself transparent, absorbs water very
readily from the air, and condenses into very minute drops of diluted
nitric acid which compose the fumes. The weaker acids commonly sold
in the shops do not fume so strongly. An exact criterion of the strength
of any sample of the acid is afforded by the specific gravity, which may
be ascertained by the methods described at page 115, using a hydro-
meter adapted for liquids heavier than water. Thus, the strongest acid
(HO. NO,) has the specific gravity 1'52, and contains 85-72 per cent., by
weight, of NO, ;* whilst the ordinary aguafortis or diluted nitric acid has
the sp. gr. 129, and contains only 40 per cent. of NO,. The concentrated
nitric acid usually sold by the operative chemist (double agquafortis) has
the sp. gr. 142, and contains 58 per cent. of NO,.

A very characteristic property of nitric acid is that of staining the skin
yellow. It produces the same effect upon most animal and vegetable
matters, especially if they contain nitrogen. The application of this in
dyeing silk of a fast yellow colour may be seen by dipping a skein of
white silk in a warm mixture of concentrated nitric acid with an equal
volume of water, and afterwards immersing it in dilute ammonia, which
will convert the yellow colour into a brilliant orange. 'When sulphuric
or hydrochloric acid is spilt upon the clothes, a red stain is produced, and
a little ammonia restores the original colour; but nitric acid stains are
vellow, and ammonia intensifies instead of removing them, though it pre-
vents the cloth from being eaten into holes.

Nitric acid changes most organic colouring matters to yellow, but, unless
very concentrated, it merely reddens litmus. If solutions of indigo and
litmus are warmed in separate flasks, and a little nitric acid added to each,
the indigo will become yellow and the litmus red. Here the indigo
(C,,H;NO,) acquires oxygen from the nitric acid, and is converted into
ssutine (C,H,NO,).

When hydrated nitric acid is heated, it begins to boil at 184° F., but
it cannot be distilled unchanged, for a considerable quantity is decom-
posed into nitric peroxide, oxygen, and water, the two first passing off in
the gaseous form, whilst the water remains in the retort with the nitric
acid, which thus becomes gradually more and more diluted, until it con-
tains 68 per cent. of HO. NO,, when it passes over unchanged at the
temperature of 248° F. The specific gravity of this acid is 1'42. If an
acid weaker than this be submitted to distillation, water will pass off
until acid of this strength is obtained, when it distils over unchanged.

The facility with which hydrated nitric acid parts with a portion of its

* It is extremely difficult to obtain the HO. NO, frce from any extraneous water, as it
undergoes decomposition not only when vaporised at the boiling point, but even at ordinary
temperatures.
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oxygen, renders it very valuable as an owxidising agent. Comparatively
few substances which are capable of forming compounds with oxygen can
escape oxidation when treated with nitric acid.

A small piece of phosphorus dropped into a porcelain dish containing
the strongest nitric acid (and placed at some distance to avoid danger),
soon begins to act upon the acid, generally with such violence as to burst
out into flame, and sometimes to shatter the dish; the result of this action
is hydrated phosphoric acid, the same compound which is formed in the
anhydrous state, when phosphorus is burnt in oxygen gas.

When sulphur is heated with nitric acid, it is actually oxidised to a
greater extent than when burnt in pure oxygen, for in this case it is con-
verted into sulphurous acid (SO,), whilst nitric acid imparts to it three
equivalents of oxygen, forming sulphuric acid (SO,).

Charcoal, which is so unalterable by most chemical agents at the
ordinary temperature, is oxidised by nitric acid. If a mixture of the
strongest nitric acid with half its volume of fuming (Nordhausen) sul-
phuric acid be poured upon finely powdered charcoal, the latter takes fire
at once. A stick of charcoal dipped into this mixture will take fire after
a few seconds.

Even iodine, which is not oxidised by free oxygen, is eonverted into
iodic acid (I0,) by nitric acid.

It not unfrequently happens in this manner that oxygen, in a state of
unstable combination, is more prone to unite with other substances than
when it is in a free state. It would seem that the disposition to com-
bination having been once impressed upon it is retained, so as to facilitate
its union with other bodies.

But it is especially in the case of metals that the oxidising powers of
nitric acid are called into useful application.

Acids are not capable of uniting with metals, but only with their oxides.
Hence, when a metal is dissolved by any oxygen-acid, the latter must
first convert the metal into an oxide, which then combines with the acid
to form a salt.

If a little black oxide of copper be heated in a test-tube with nitric
acid, it dissolves, without evolution of gas, yielding a blue solution, which
contains the nitrate of copper, or, to speak correctly, the nitrate of oxide
of copper. In this case the oxide of copper has simply displaced the
water.of the hydrated acid—

Cu0 + HO.NO, = HO + CuO.NO,
Oxlde of copper. Nitrate of copper.

But when nitric acid is poured upon metallic copper (copper turnings),
a very violent action ensues, red fumes are abundantly evolved, and the
metal dissolves in the form of nitrate of copper—

4(HO.NO,) + Cu, = 3(CuO0.NO,) + 4HO + NO,
Nitrate of copper. Nitric vxide.
The nitric oxide itself is colourless, but as soon as it comes into contact
with the oxygen of the air, it is converted into the red nitric peroxide—

NO, + 0, = NO,

All the metals in common use are acted upon by nitric acid, except
gold and platinum, so that this acid is employed to distinguish® and
separate these metals from others of less value. The ordinary ready
method of ascertaining whether a trinket is made of gold consists in
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touching it with a glass stopper wetted with nitric acid, which leaves
gold untouched, but colours base alloys blue, from the formation of
nitrate of copper. The touch-stone allows this mode of testing to be
applied with greater accuracy. It consists of a species of black basalt,
obtained chiefly from Silesia. If a piece of gold be drawn across its sur-
face a golden streak is left, which is not affected by moistening with
nitric acid ; whilst the streak left by brass, or any similar base alloy,
would be rapidly dissolved by the acid. Experience enables an operator
to determine by means of the touch-stone pretty nearly the amount of
gold present in the alloy, comparison being made with the streaks left by
alloys of known composition.

Though all the metals in common use, except gold and platinum, are ozidised by
nitric acid, they are not all dissolved ; there are two metals, tin and antimony, which
are left by the acid in the state of insoluble oxides, which possess acid properties,
and do not unite with the nitric acid.

If some eoncentrated nitric acid be poured upon tin filings, no action will be
abserved ;* but on adding a little water, red fumes will be evolved in abundance,
and the tin will be converted into a white powder, which is the binoxide of tin
(Sn0Q,), putty powder. The gas which is evolved in this case is the nitric peroxide
(NOJ, and the action of the acid is represented by the equation which follows :—

2(HO.NO,) + Sn = Sn0, + 2HO + 2NO,

If the white mixture of binoxide of tin with nitric acid be made into a paste with
elaked lime, the smell of ammonia will be exhaled ; and experiments with other
metals have shown it to be a general principle, that when any metal capable of
decompoeing water is dissolved in diluted nitric acid, ammonia is always formed, its
quantity increasing with the degree of dilution of the nitric acid; of course, the
ammonia combines with the excess of acid present to form nitrate of ammonia, and
the lime was added in the above experiment in order to displace the ammonia from
its combination, and to exhibit its odour. This conversion of nitric acid into
ammonia becomes the more interesting when it is remembered that the ammonia
can be reconverted into nitric acid (p. 122).

By dissolving zinc in very diluted nitric acid, a very large quantity of ammpnia
may be obtained. The change is easily followed if we suppose the nascent hydrogen
(or hydrogen with the tendency to combination still remaining impressed upon it,
see p. 126), produced by the action of the zinc upon the water, to act upon the nitric
acid, converting its oxygen into water, and its nitrogen into ammonia, thus—
NO; + H, =56HO + NH,. The exalted attractions possessed by substances in
the nascent state, that is, at the instant of their passing from a state of combination,
are very remarkable, and will be found to receive frequent application.t

Action of nitric acid upon organic substances.—The oxidising action
of nitric acid upon some organic substances is so powerful as to be
attended with inflammation ; if a little of the strongest nitric acid be
placed in a porcelain capsule, and a few drops of oil of turpentine be
poured into it from a test-tube fixed to the end of a long stick, the tur-
pentine takes fire with a sort of explosion. By boiling some of the
strongest acid in a test-tube (fig. 140), the mouth of which is loosely

® It is a fact which has scarcely been explained in a satisfactory manner, that the con-
centrated nitric acid often refuses to act upon metals which are violently attacked by the
diluted acid.

1 When a solution of nitrate of potash is mixed with a strong solution of caustic potash,
and heated with granulated zinc and clean iron filings, ammonia is abundantly disenfaged,
}vei}lg ptt;)dnced from the nitric acid by the nascent hydrogen resulting from the electro-

ic action.
y"li.eccnt. experiments have indicated the existence of substances intermediate between
the nitric acid and the ammonia into which it is finally converted. One of these, named
hydroxylamine, NH,0,, has been examined. It is a well-defined base, forming crystalline
salts with the acids.
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stopped with a plug of raw silk or of horse-hair, the latter may be made
to take fire and burn brilliantly in the vapour of nitric acid.

In many cases the products of the action of nitric acid exhibit a most
interesting relation to the substances from which they have been pro-
duced, one or more equivalents of the hydrogen
of the original compound having been removed
in the form of water by the oxygen of the nitric
acid, whilst the spaces thus left vacant have been
filled up by the nitric peroxide resulting from
the deoxidation of the nitric acid, producing
what is termed a nifro-substitution compound.
A very simple example of this displacement of
H by NO, is afforded by the action of nitric

" acid upon benzole. A little concentrated nitric
Fig. 140. acid is placed in a flask, and benzole cautiously
dropped into it ; a violent action ensues, and the
acid becomes of a deep red colour; if the contents of the flask be now
poured into a large vessel of water, a heavy yellow oily liquid is separated,
having a powerful odour like that of bitter almond oil. This substance,
which is used to a considerable extent in perfumery under the name of
essence of mirbane, is called nitro-benzole, and its formula, C,,H (NO)), at
once exhibits its relation to benzole, C,,H.*

But the change does not stop here, for by continuing the action of the
acid, dinitro-benzole C ,H 2(NO,) is obtained, in which two equivalents of
hydrogen have been displaced by nitric peroxide.

It is by an action of this description that nitric acid gives rise to gun-
cotton, and other explosive substances of the same class, when acting upon
the different varieties of woody fibre, as cotton, paper, sawdust, &c.

The preparation and composition of gun-cotton will be described here-
after.

94. The oxidising effects of nitric acid are not confined to the free acid,
but are shared to some extent by the nitrates. A mixture of nitrate of
lead with charcoal explodes when sharply struck, from the sudden evolu-
tion of carbonic acid produced by the oxidation of the carbon. If a few
crystals of nitrate of copper be sprinkled with water and quickly wrapped
up in tin-foil, the latter will, after a time, be so violently oxidised as to
emit brilliant sparks.

But in the case of bases which retain the nitric acid with greater force,
such as the alkalies, the oxidation takes place only at a high tempera-
ture. If a little nitre be fused in an earthen crucible or an iron ladle,
and, when it is at a red heat, some powdered charcoal, and afterwards
some flowers of sulphur, be thrown into it, the energy of the combustion
will testify to the violence of the oxidation. In this manner the carbon
is converted into carbonate of potash (KO.CO,), and the sulphur into
sulphate of potash (KO.80,). See Gunpowder.

Combining 1weight of nitric acid.—Experiment proves that 47 parts by
weight (1 equivalent) of potash are neutralised by 63 parts of hydrated
nitric acid, and this quantity of the acid is found to contain 1 part of
hydrogen, 14 parts of nitrogen, and 48 parts (6 equivalents) of oxygen.
Hence the formula of the acid might be written H.NO,; but if it be

*C,H, + HO.NO, = C,H,NO) + 2HO.
C,H, + 2HO.NO) = C,HZ2NO) + 4HO.
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desired to represent in the formula the mode in which the elements are
grouped, the acid may be represented as composed of water combined with
the anhydrous nitric acid (HO. NO,).

The unitary (molecular) formula of nitric acid is' commonly written
HN®O, (6 = 16).

Nitrates.—Its attraction for bases places nitric acid among the strongest
of the acids, though the disposition of its elements to assume the gaseous
state at high temperatures, conjoined with the feeble attraction existing
between nitrogen and oxygen, causes its salts to be decomposed, without
exception, by heat.

The nature of the decomposition varies with the base contained in the
nitrate. The nitrates of very powerful bases (such as the alkalies) are
first converted into nitrites by the action of heat; thus KO.NO, gives
KO.NO, and O,; the nitrites themselves being eventually decomposed,
evolving nitrogen and oxygen, and leaving the uncombined base. The
nitrates of feebler bases (such as oxide of copper and oxide of lead) evolve
nitric peroxide (NO,) and oxygen, the base being left, unless it be decom-
posible by heat, as is the case with the oxides of silver and mercury, when
the metal itself will be separated. As a general rule, the nitrates are
easily soluble in water.

Comparatively few of the nitrates are in common use; the following
table contains those most frequently used :—

Chemical Name. Common Name. Equivalent Formula. Aw:::ngl':m
Nitrato of pob- |} Nitre, saltpotreo KO.NO, KNO,
. Cubic nitre
letnte ofsod || Bor ot ipetre ( NaO . NO, NaN6,
| Nitrato of stron- | | Nitrato of strontion | 8r0.NO, SrNe,
1 s . Trisnitrate of bis-
| Basic nitrate of || ", BiOy. NO,. HO | 2BiN©,, H,0
bismuth Flake white ’ ,
t Nitrate of silver | Lunar caustic Ag0.NO, AgN®,

95. Anhydrous nitric acid or nitric anhydride is obtained by gently heatiug nitrate
of silver in a slow current of chlorine, great care being taken to exclude every trace

of water—
AgO.NO, + Cl = AgCl 4+ O + NO,
Chloride of silver. Nitric anhydride.

The anhydride is condensed as a crystalline solid in a receiver cooled with ice and
salt. It forms transparent colourless prisms which liquefy at 86° F., and boil at 118°.
By a slightly higher temperature it is readily decomposed ; and it has been said to
decompose, even at the ordinary temperature, in sealed tubes which were shattered
by the evolved gas.

When the anhydride is brought in contact with water, much heat is evolved, and
bydrated nitric acid is produced.

The discovery of the anhydrous nitric acid by Deville in 1848, was welcomed by
many chemists as a confirmation of that view of the constitution of nitric acid which
had been generally received for thirty years, and which represented the acid as a
compound of water with NO;. The more modern speculative views, however, discard
this substance as the true radical of nitric acid and the nitrates, and represent the
latter by formula which disown all connexion with the anhydride. Thus, the mole-
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cular formula for the anhydride would be written N,6,, and its action upon water
would be N,8; + H,0 = 2HNO,.

96. Nitrous oxide or laughing gas is prepared by heating nitrate of am-
monia, when it is resolved into water, and nitrous oxide*—

NH,.HO.NO, = 4HO + 2NO.

Nitrate of ammonia is obtained by adding fragments of carbonate of ammonia to
nitric acidt diluted with an equal volume of water, until the carbonate no longer
effervesces in the liquid, which is then evaporated down until a drop solidifies on a
cold surface, when the whole may be poured out upon a clean stone, and the mass
broken up and preserved in a well-stoppered bottle, because it is liable to attract
moisture from the air. To ob-
tain the nitrous oxide, an ounce
of the salt may be gently heated
in a small retort, when it melts,
boils, and gradually disappears
entirelyin theforms of steam and
nitrous oxide. The latter may
be collected with slight loss over
water.

Nitrous oxide is perfectly
colourless, but has a slight
odour and a sweetish taste.
Its characteristic intoxicat-
ing property is well known.
It accelerates the combustion
of a taper like oxygen itself,
and will even kindle into flame a spark at the end of a match. It can
readily be distinguished from oxygen, however, by shaking it with water,
which absorbs, at the ordinary temperature, about three-fourths of its
volume of the nitrous oxide. Tt is also much heavier than oxygen, its
specific gravity being 1'53, and is not a permanent gas, being liquefied
by a pressure of 40 atmospheres at 45° F., and solidified at —150° F.
The liquid nitrous oxide possesses a special interest, for, by mixing it
with bisulphide of carbon, and evaporating in vacuo, the lowest tempera-
ture hitherto known has been obtained, viz., — 220° F.

Fig. 141.

97. Nitric oxide or binoxide of mitrogen is usually obtained by the
action of copper upon diluted nitric acid—

4(HO.NO) +-Cu, = 3(Cu0.NO) + NO, + 4HO.

800 grains of copper turnings or clippings are introduced into a retort, and three
measured ounces of & mixture of concentrated nitric acid with an equal volume of
water are poured upon them. A very gentle heat may be applied to assist the
action, and the gas may be collected over water (see fig. 141), which absorbs the red
fumes (NO,) formed by the union of the NO, with the air contained in the retort.

Nitric oxide is distinguished from all other gases by the production of
ared gas, when the colourless nitric oxide is allowed to come in contact
with uncombined oxygen, the presence of which, in mixtures of gases, may
be readily detected by adding a little nitric oxide. The red gas consists

* By passing the mixture of nitrous oxide and aqueous vapour over hydrate of potash at
a dull red heat, nitric acid and ammonia are reproduced. P v P

| ;l' }X:Iich must remain clear when tested with nitrate of silver, showing it to be free from
chiorine.
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chiefly of nitric peroxide (NO,), but it often contains also some (NO,)
nitrous acid.

The combination of nitric oxide with oxygen may be exhibited by decanting a pint
bottle of oxygen, under water, into a tall jar filled with water coloured with blue
litmus, and adding to it a pint bottle
of nitric oxide (fig. 142). Strong
red fumesare immediately produced,
and on gently agitating the cylin-
der, the fumes are absorbed by the
water, reddening the litmus. The
oxygen will now have been reduced
to half its volume, and if another
pint of nitric oxide be added, the
remainder of the oxygen will be
absorbed, showing that two volumes
of naitric oxede combine with one volume
of oxygen, forming the nitric per-
oxide which is absorbed by the
water.

The addition of nitric oxide
to atmospheric air was one of
the earliest methods employed Fig. 142.
for removing the oxygen in
order to determine the composition of air; but important variations were

observed in the results, in consequence of the occasional formation of NO,
in addition to the NO,.

The rough analysis of air by this method may be instructively performed with two
similar gas cylinders, each divided into ten equal volumes. Into one are introduced
five volumes of air, and into the other five volumes of nitric oxide. On decanting
the air, under water, into the nitric oxide (fig. 148), the red nitric peroxide will be
formed and absorbed by the water, the
ten volumes of gas shrinking to seven,
showing that three volumes have been
absorbed, of which one volume would of
course represent the oxygen contained
in the five volumes of air.

The nitric oxide prepared by the action
of copper on nitric acid generally con-
tains nitrous oxide, and will seldom give
correct results in the above experiment.

Pure nitric oxide may be obtained by

heating in a retort 100 grains of nitrate

of potash, 1000 grains of sulphate of iron,

and three measured ounces of diluted Fig. 148.

sulphuric acid (containing one measure

of acid to three measures of water), which will yield above two pints of the gas.®

In all its properties, nitric oxide is very different from nitrous oxide.
It is much lighter, having almost exactly the same specific gravity as air,
viz., 1-04, has never yet been liquefied, and is not dissolved to any impor-
tant extent by water. When a lighted taper is immersed in nitric oxide,
it is extinguished, although this gas contains twice as much oxygen as
nitrous oxide, which so much accelerates the combustion of a taper, for
the elements are held together by a stronger attraction in the nitric oxide,
80 that its oxygen is not so readily available for the support of combus-
tion. (The nitric oxide prepared from copper and nitric acid sometimes
containg so much nitrous oxide that a taper burns in it brilliantly.)

® KO.NO, + 6(Fe0.80,) + 4HO0.80,) = KO.80, + 3(Fe,0,. 380,) + NO, + 4HO.
12
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Even phosphorus, when just kindled, is extinguished in nitric oxide,
but when allowed to attain to full combustion in air, it burns with
extreme brilliancy in the gas. Indeed, nitric oxide appears to be the least
easy of decomposition of the whole series of oxides of nitrogen, which
accounts for its being the most common result of the decomposition of
the other oxides. Nitrous oxide itself, when passed through a red-hot
tube, is partly converted into nitric oxide ; and when a taper burns in a
bottle of nitrous oxide, the upper part of the bottle is often filled with a
red gas, indicating the formation of nitric oxide, and its oxidation by the
air entering the bottle.

The difference in the stability of the two gases is also shown by their
behaviour with hydrogen. A mixture of nitrous oxide with an equal
volume of hydrogen explodes when in contact with flame, yielding steam
and nitrogen, but a mixture of equal volumes of nitric oxide and hydro-
gen burns quietly in air, the hydrogen not decomposing the nitric oxide.
An excess of hydrogen, however, is capable of decomposing nitric oxide,
ammonia and water being formed.

If two volumes of nitric oxide be mixed with five volumes of hydrogen, and the
zas passed through a tube having a bulb filled with platinised asbestos (fig. 144),®
the mixture issuing from the orifice
of the tube will produce the red va-
pours by contact with the air, which
will strongly redden blue litmus; but
if the platinised asbestos be heated
with a spirit-lamp, the hydrogen, en-
couraged by the action of the plati-
num (91) will decompose the nitric
oxide, and strongly alkaline vapours
of ammonia will be produced, restor-
ing the blue colour to the reddened
litmus: NO, + H, = NHq + 2HO.
It will be remembered tﬁat when
oxygen is in excess, ammonia i8 con-
verted, under the influence of plati-
num, into water and nitrous acid (91).

Nitric oxide is readily absorbed
by ferrous salts (salts of protoxide
of iron) with which it forms dark brown solutions. If a little solution of
sulphate of iron be shaken in a cylinder of nitric oxide closed with a glass
plate, the gas will be immediately absorbed, and the solution will become
dark brown. On applying heat, the brown compound is decomposed.
A compound of 4 eqs. of ferrous sulphate and 1 eq. of nitric oxide has
been obtained in small brown crystals, which lose all their nitric oxide
in vacuo.

98. Nilrous acid.—This acid is said to exist, as nitrite of ammonia, in
minute quantity, in rain water, and is occasionally found in combination
with alkalies or alkaline earths, in well-waters, where it has probably been
formed by the oxidation of ammonia (91). Small quantities of nitrite of
ammonia appear to be formed by the combustion in air of gases contain-
ing hydrogen, this element uniting with the atmospheric oxygen and
nitrogen.

Nitrous acid may be obtained by heating starch with nitric acid, but
the most convenient process consists in gently heating nitric acid (s.p

¢ Asbestos which has been wetted with solution of bichloride of platinum, dried, and
heuted to redness, to reduce the platinum to the wmetallic state.
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gr. 1:35) with an equal weight of arsenious acid, and passing the gas, first
through a U-tube (fig. 145) surrounded with cold water, to condense un-

Fig. 145.—Preparation of nitrous acid.

decomposed nitric aeid, then through a similar tube containing chloride
of calcium, to absorb aqueous vapour, and afterwards into a U-tube sur-
rounded with a freezing mixture of ice and salt. Through a small tube
opening into the bend of this U-tube, the condensed nitrous acid drops
into a tube drawn out to a narrow neck, so that it may be drawn off, and
sealed by the blowpipe.

HO.NO, + AsO, = HO.AsO, + NO,.
Arsenious acid. Arsenic acld.

The nitrous acid is thus obtained as a blue liquid which boils below
32° F., becoming converted into a red vapour. Water at about 32° F.
dissolves the acid without decomposing it, yielding a blue solution which
is decomposed, as the temperature rises, into nitric acid which remains in
the liquid, and nitric oxide which escapes with effervescence—

3NO, + HO = HO.NO, + 2NO,

The salts of nitrous acid, or nitrites, are interesting on account of their
production from the nitrates by the action of heat (p. 129).

If nitrate of potash be fused in a fire-clay crucible and heated to redness, it will
evolve bubbles of oxygen, and slowly become converted into nitrite of potash
(KO.NOy). The heat should be continued until a portion removed on the end of
an iron rod, and dissolved in water, gives a strongly alkaline solution. The fused
mass may then be poured upon a dry stone, and when cool, broken into fragments
and preserved in a stoppered bottle. On heating a fragment of the nitrite of potash
with diluted sulphuric acid, red vapours will be disengaged, but these contain but
little nitrous acid, the greater part of which is decomposed by the water into nitric
acid and nitric oxide.

When nitrous acid acts upon ammonia, both compounds suffer decomposition,
water and nitrogen being the results—

NHy + NOg = N, + 8HO.
This is sometimes taken advantage of in preparing nitrogen gas by boiling mixed
solutions of sal-ammoniac and nitrite of potash—
NH,.HCl + KO.NO, = N, + KCl + 4HO.
Sal-ammoniac

In experiments upon organic compounds, nitrous acid is sometimes employed as
a convenient agent for effecting simultaneously the removal of three equivalents of
hydrogen from a compound, and the insertion of one equivalent of nitrogen.

When solutions of nitrites are heated in contact with air, they gradually absorh
oxygen, becoming converted into nitrates.
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99. Nitric peroxide, also called hyponitric acid and peroxide of nitrogen
or pernitric oxide : formerly known as nifrous acid.—By passing a mix-
ture of nitric oxide with half its volume of oxygen, free from every trace
of moisture, into a perfectly dry tube cooled in a mixture of ice and salt,
the dark red gas is condensed into colourless prismatic crystals, which
melt at 10° F. into a nearly colourless liquid. This gradually becomes
yellow as the temperature rises, and at the ordinary temperature has a
deep orange colour. It is very volatile, boiling at 71° F., and being con-
verted into a red-brown vapour, which was long mistaken for a permanent
gas, on account of the great difficulty of condensing it when once mixed
with air or oxygen. Nitric peroxide is also obtained, mixed with one-
fourth of its volume of oxygen, by heating the nitrate of lead (fig. 146)—

PbO.NO, = PO + NO, + O.

The vapour of nitric peroxide is much heavier than atmospheric air.
Its colour varies with the temperature, becoming
very dark at 100° F. The smell of the vapour is
very characteristic. It supports the combustion of
strongly burning charcoal or phosphorus, and
oxidises most of the metals, potassium taking fire
in it spontaneously. The nitric peroxide must,
therefore, rank as a powerful oxidising agent, and
it is the presence of this suhstance in the red fuming
- nitric acid that imparts to it higher oxidising
Fig. 146.—Preparation  powers than those of the colourless nitric acid.
of nitric peroxide. The so-called nitrous acid of commerce is really
nitric acid holding in solution a large proportion
of nitric peroxide, and is prepared by introducing sulphur into the retorts
containing the mixture of nitrate of soda and sulphuric acid employed in
the preparation of the nitric acid, a portion of which is deoxidised and
converted into nitric peroxide. Water immediately decomposes the nitric
peroxide into nitric oxide and nitric acid—
3NO, + 2HO = NO, + 2(HO.NO,).

When water is gradually added to liquid nitric peroxide, it effervesces,
from escape of nitric oxide, and becomes green, blue, and ultimately colour-
less. The production of the green and blue colours appears to be due to
the solution of the unaltered NO, in the nitric acid produced, and when
this is decomposed by an excess of water, the liquid, of course, becomes
colourless. If the red nitric acid of commerce be gradually diluted with
water, it will be found to undergo similar changes, always becoming
colourless at last. The nitric acid which has been used in a Grove’s battery
always has a green colour from the large amount of nitric peroxide which
has accumulated in it during the action of the battery, in consequence of
the decomposition of the acid by the hydrogen disengaged during the
action of the battery; H + HO.NO, = 2HO + NO,. If this green
acid be diluted with a little water, it becomes blue, and a larger quan-
tity of water renders it colourléss, causing the evolution of nitric oxide.
Similar colours are obtained by passing nitric oxide into nitric acid of
different degrees of concentration, apparently because nitric peroxide is
formed and dissolved by the acid—

NO, + 2(HO.NO) = 3NO, + 2HO.
When silver, mercury, and some other metals are dissolved in cold nitric
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acid, a green or blue colour is often produced, leading a novice to suspect
the presence of copper, the colour being really caused by the solution in
the unaltered nitric acid of the nitric peroxide produced by the deoxida-
tion of another portion.

Nitric peroxide was formerly believed to be an independent acid capable
of forming salts. It is true that its vapours have a strongly acid reaction
to test-papers, but when brought into contact with bases, it produces a
mixture of nitrate and nitrite—

2NO, + 2(KO.HO) = KO.NO, + KO.NO, + 2HO.

100. General review of the oxides of nitrogen.— All the above oxides of
nitrogen are directly obtainable from nitric acid by the action of metals;
but since the result of such action varies much with the temperature and
state of concentration of the acid, it cannot be depended upon for the
preparation of the oxides in a separate state.

Nitric peroxide is the chief product of the action of tin upon nitric acid—

2(HO.NO,) + Sn = 2HO + 2NO, + 8nO,

Nitrous acid is abundantly formed when silver is acted on by nitric acid—
3(HO.NO,) + Ag, = 3HO + NO, + 2(AgO0.NO).
Nitric oxide has been shown to be evolved when nitric acid is deoxidised

by copper—
4(HO.NO) + Cu, = 4HO + NO, + 3(CuO.NO,);

though, if the acid be concentrated or the temperature high, nitrous oxide
and nitrogen are mixed with the nitric oxide.

Nitrous oxide is given off when zinc is dissolved in nitric acid diluted
with ten measures of water— .

5(HO.NO,) + Zn, = 5HO + NO + 4(ZnO.NO,);,

the nitrous oxide, however, is mixed with nitric oxide.

Nitric oxide, nitrous acid, and nitric peroxide, are very remarkable for
their relations to oxygen. Nitric oxide is one of the very few substances
which combine with dry oxygen at the ordinary temperature, and yet the
nitric peroxide which is thus produced is very ready to yield its oxygen
to other substances. Nitrous acid, as might be expected, is intermediate
in this respect, being capable of acting as a reducing agent upon power-
fully oxidising substances, and as an oxidising agent upon substances
having a great attraction for oxygen. Thus, a solution of nitrite of
potash, acidified with sulphuric acid, will bleach permanganate of potash,
reducing the permanganic acid (Mn,0,) to manganous oxide (MnO);
whilst, if added to sulphate of iron, the nitrite converts the ferrous oxide
(FeO) into ferric oxide (Fe,0,), and this solution, which was capable of
reducing the permanganate of potash before, is now found to be without
effect upon it, unless an excess of the nitrite has been added.

The oxides of nitrogen, as illustrating combination in multiple propor-
tions by weight and volume.—In its most general form, the law of multiple
proportions may be thus stated. When a substance (A) combines with
another substance (B) in more than one proportion, the quantities of B,
which combine with @ constant quantity of A, are multiples of the smallest
combining quantity of B by some whole number.

In the oxides of nitrogen this law is exemplified in the simplest form,
since the quantities of oxygen which combine with a constant quantity of
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nitrogen, are multiples of the least combining quantity of oxygen by 2,
3, 4, and 5 (see table, p. 123).

It was shown, at p. 120, that there is ground for representing the combining weight
of ni as = 14, and its combining volume as — 2 (the combining volume of
oxygen being = 1).

When nitrous oxide is passed through a red-hot porcelain tube, its volume is
increased by one-half, and the resulting gas is found to be a mixture of one volume
of oxygen and two volumes of nitrogen. Hence it is inferred that, in nitrous oxide,
two volumes (representing one combining weight, or 14 parts) of nitrogen are united
with one volume (representing one combining weight, or 8 parts) of oxygen, to form
two volumes of nitrous oxide (representing 22 parts by weight). But whether this
quantity represents one equivalent, or more than one equivalent, of nitrous oxide,
cannot be determined by experiment, because this oxide is not known to enter into
any sufficiently definite combination with other substances. If the equivalent of
nitric acid (NO,) be represented by 64, as deduced from the experiment cited at
p. 128, it would appear most convenient to assume the equivalent of nitrous oxide
as = 22, since that quantity results from the deoxidation of one equivalent of
nitric acid.

When charcoal is strongly heated in nitric oxide, the volume of the gas remains
unchanged ; but it is found, on analysis, to have become converted into & mixture
of equal volumes of carbonic acid and nitrogen (NO, + C = CO; + N). Since
one volume of carbonic acid contains one volume of oxygen (page 80), the experiment
proves that one volume of oxygen and one volume of nitrogen exist in two volumes
of nitric oxide, or that two volumes of nitrogen (representing one combining weight,
or 14 parts) are combined with two volumes of oxygen (representing two combining
weights, or 16 parts) in four volumes (representing parts by weight) of nitric
oxide. The circumstance that this quantity of nitric oxide is capable of forming a
definite compound with one equivalent of chlorine, and that it is the quantity
resulting from the decomposition of one equivalent of nitric acid, appears to justify
the conclusion that the equivalent of nitric oxide is represented by NO; = 30 parts
by weight = 4 volumes,

The direct evidence of the composition of nitrons acid is not so satisfactory as
that in the two preceding cases. This acid has been obtained, however, by the
direct union of one volume of oxygen with four volumes of nitric oxide, leading to
the conclusion that it contains NO,. Its equivalent-has been determined by the
analysis of nitrite of silver, which was found to contain, for one equivalent (116
parts by weight) of oxide of silver, 38 parts by weight of nitrous acid, representing
a compound of 14 parts by weight of nitrogen (or one equivalent = 2 volumes),
with 24 parts by weight (or three equivalents — 8 volumes) of oxygen. The
volume occupied by the equivalent of nitrous acid in the state of vapour has not
yet been ascertained, no accurate determination of the specific gravity of its vapour
having been made.

Nitric peroxide has been analysed by passing the vapour produced from a known
weight of the liquid over red-hot metallic copper, which absorbed the oxygen, leaving
the nitrogen to be collected and measured. It was thus found that 14 parts by
weight (one equivalent = 2 volumes) of nitrogen were combined with 82 parts by
weight (four equivalents = 4 volumes) of oxygen, a result which is confirmed by
the direct union of 4 volumes of NO, (one equivalent) with 2 volumes of oxygen
(two equivalents) to form NO,.

The circumstance that 46 parts by weight of nitric peroxide are capable of dis-
placing one equivalent of hydrogen in organic substances (page 128), supports the
belief that the formula NO, (= 46 by weight) represents the equivalent of nitric
peroxide. The results of experiments upon the specific gravity of its vapour have
been so unsatisfactory, on account of its variation at different temperatures, that the
volume occupied by an equivalent of nitric peroxide can scarcely be said to be
satisfactorily established. It is, however, generally believed to represent four
volumes (containing 2 volumes of nitrogen and 4 volumes of oxygen).

Nitric anhydride, or anhydrous nitric acid, was analysed by a method similar to
that employed for nitric peroxide, and was found to contain 14 parts by weight (one
equivalent = 2 volumes) of nitrogen, combined with 40 parts (five equivalents = &
volumes) of oxygen, forming 64 purts of nitric anhydride, the quantity which is
united with one equivalent (47 parts) of potash in nitrate of potash, and which may
therefore be taken to represent the equivalent of the anhydride. The volume occu-
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pied by the equivalent of nitric anhydride in the state of vapour has not been deter-
mined, on account of the want of stability of this compound.

The following table exhibits a general view of the composition and
eyuivalents of the oxides of nitrogen, a note of interrogation (?) being
employed to show where the number has been deduced from hypothetical
considerations instead of experimental results :—

| _’g’ F :S § By Weight. :g E By Volume.
EE Eﬁ N o £ N 0

Nitrous oxide, NO 229 | 14 8 27 2 1
Nitric oxide, NOs | 30 14 16 4 2 2
Nitrous acid, NO, | 38 14 24 49 2 3
Nitric peroxide, | NO, | 46 14 32 41 2 4
Nitric acid, NO, 54 14 40 41 2 5

Atomic constitution of the oxides of nitrogen.—Assuming that one atom
of an elementary substance always occupies one volume, nitrous oxide
(containing 2 vols. nitrogen and 1 vol. oxygen) would be represented by
the atomic formula N,0 (@ = 16); nitric oxide (containing 1 vol
nitrogen and 1 vol. oxygen), would become N© ; nitrous acid (containing
2 vols. nitrogen and three vols. o