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PREFACE

IN the following pages 1 have endeavoured to arrange
the most important facts and principles of Modern
Chemistry in a plain but precise and scientific form,
suited to the present requirements of elementary in-
struction.

For the purpose of facilitating the attainment of that
exactitude in the knowledge of the subject, without which
the introduction of physical science into - the school
system is worse than useless, I have added a series of
Exercises and Questions upon the Lessons. The pupil
must learn to work out accurately both the numerical
and descriptive examples, and the teacher may find it
advisable to add largely to their number. Particular
attention should be given to the calculation of the
relations between the weights of gases, and their volumes
measured under varying circumstances of temperature

and pressure.



vi PREFACE.

The metric system of weights and measures, and the
centigrade thermometric scale, are used throughout the
work. ’ '

I have much pleasure in thanking my friend and
assistant, Mr. Schorlemmer, for the aid which he has
given me, especially in revising the proofs; and I have
also to acknowledge the care and attention bestowed on
the woodcuts and on the chromolithographic frontispiece

by Mr. Dickes.
) H.E.R.

MANCHESTER,

SFune, 1866.

For further information concerning the absolute weights
of the gases than is given on p. 28, a paragraph in the
Appendix, page 388, may be consulted.
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INTRODUCTION.

LESSON 1.

BY ckemical action we signify that which occurs when
two or more substances so act upon one another as to
produce a third substance differing altogether from the
original ones in properties; or when one substance is
brought under such conditions that it forms two or more
bodies differing from the original one in properties. Thus,
if powdered sulphur and fine copper filings be well mixed
together, the colour of the sulphur as well as that of the
copper will disappear, and to the unaided eye the mixture
presents a uniform greenish tint; by the help of the
microscope, however, the particles of copper may be seen
lying by the side of the particles of sulphur ; and we can
wash away the lighter sulphur with water, leaving the
heavier copper behind. Here no ckemical action has
occurred ; the sulphur and copper were only mechanically
mixed. 1f we next gently heat some of the mixture we
see that it soon begins to glow, and on examining the
mass we notice that both the copper and the sulphur have
disappeared as such, that they cannot be distinguished
even by the most powerful microscope, and that in their
place we have formed a black substance possessing pro-
perties entirely different from those possessed either by the
copper or by the sulphur. Here a chemical change has
occurred ; the copper and the sulphur are said to have
combined chemically to form a compound out of which
these two substances can be regained in exactly the quan-
tities used. In like manner when a candle burns in the
air a chemical change is going on; and although the
candle gradually disappears, the materials of which it is
i B

o
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made up are not destroyed or lost ; they simply pass into
a state in which they are invisible to our eyes, but their
presence may be ascertained by other means. Thus, if
we burn a candle for a few minutes in a clean bottle filled
with air, and afterwards pour in some clear lime-water, we
shall notice that the liquid, which remains clear in pure
air, becomes at once milky, showing the presence of an
invisible gaseous body produced by the burning of the
candle, which possesses properties different from those of
pure air. Although an apparent loss of iatter occurs
when a candle burns, it is easy to show by a simple ex-
periment not only that this is not the case, but that on the
contrary an increase of weight has occurred ; this increase
is occasioned by the constituent parts of the tallow or
wax having united chemically with an invisible gas (called
oxygen) present in the air. For this purpose a piece of
glass tibing  inch wide, and 10 inches long, is closed at
each end with a cork ; through the upper cork a bent
glass tube passes, whilst through the lower one several
holes are bored, and into one of these a small taper is
fastened. The upper half of the tube is filled with pieces
of caustic soda, a grid of perforated zinc being fixed inside
the tube to keep them in their place. The tube thus
arranged is hung at the end of one arm of a pair of scales,
and exactly counterpoised by weights placed in the pan
on the other arm. The top of the tube is now connected,
by means of a piece of vulcanised caoutchouc tubing, with
a closed vessel filled with water and furnished with.a stop-
cock through which the water can flow out ; on opening
this stop-cock, as the water flows out air passes in to
supply its place, through the holes in_the perforated cork.
This cork 1s then removed, the taper lighted, and the cork
and taper quickly replaced ; after the candle has burnt for
three or four minutes, the vulcanised tubing is discon-
nected, and the glass tube allowed to hang freely. Itis
then seen that the weight of the tube is greater than it
was before the candle was burnt, the pieces of caustic
soda having absorbed the substances (carbonic acid and
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the taper (carbon and hydrogen) with the oxygen of the
air

By the careful examination of all the known cases of
chemical action it has been satisfactorily proved that a
loss of matter never takes place, that matter is inde-
structible, and that in chemical actions such as that going
on in the burning of the candle, a change of state and not
an annihilation of matter occurs. The truth of this first
great principle in chemical science has been gradually
demonstrated by finding that the weights of the substance
acting chemically upon one another, always remain the
same after as before the chemical changes have occurred.
For determining very accurately the weight of substances,

anna — Y

A
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- Fig. 1.

an instrument called the chemical balance is employed.
Fig. 1 represents one form of chemical balance, It con-
B2
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water) produced by the combination of the constituen T

e e e TEE A W Tt T .



«’

'4 ELEMENTARY CHEMISTRY. [LEssoN

sists of a perforated brass beam (AA) vibrating about its
centre, at which is fixed a triangular knife-edge of agate
(C) : this rests upon a horizontal agate plane attached to
the upright brass pillar. To each end of the beam the
light brass pans (B'B) are attached, each pan hanging on
by an agate knife-edge to an agate plane fixed on the end
of the beamat (DD). This mode o}) rest and support is to
render the amount of friction as small as possible, and
thus to ensure delicacy in the instrument. In order to
prevent the agate edges from being spoilt by constant
wear on the agate planes, the beam and the ends (D D)
are supported by the brass arm (EE) when the balance is
not in use, so that the agate surfaces do not touch ; the
beam and pans are released when required by turning the
handle (r.) The body to be weighed 1s placed in one pan,
and weights added one by one to the other until the in-
strument is in equilibrium ; this is ascertained by the
long pointer (G) vibrating to an equal distance on each
side of the central mark. A balance such as that repre-
sented ‘in the figure will turn with f5 of a milligramme
when loaded with 100 grammes (s¢z p. 21 ), or will indi-
cate the one-millionth part of the substance weighed.

The aim of the chemist is to examine the properties
of all substances with regard to their actions upon. one
another in producing bodies essentially differing from the
originals. In order thoroughly to carry out his purpose
he is obliged to resort to eaperiment, that is, he has to
place the substances which he is examining under cir-
cumstances, perhaps not found in nature, which he can
control and vary. Hence chemistry is called an expers-
mental science. In thus investigating all the materials
within his reach, whether solid. liquid. or gaseous, whether
contained in the earth, sea, or air, whether belonging to
the animal or to the vegetable creation, the chemist finds
himself obliged to divide substances into two great classes :
(1) those which he is able to split up into two or more
essentially different substances, and (2) those which he is
unable thus to split up, and out of which nothing essen-
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tially different from the original substances has been
obtained. To the first class the name of compound, to the
second the name of elementary or simple substances has
been given. Compound bodies are made up of two or
more elementary substances chemically combined with
each other: thus sulphur and copper are elementary
bodies, out of each of tlgese nothing dlﬂ'erent from sulphur
or copper can be obtained ; whereas, when the two bodies
are heated together, a compound is formed from which
both of the original elementary constituents can at any
time be prepared. Water is a compound body, it can be
split up into two elementary gases, hydrogen and oxygen ;
common salt, again, is a compound of a gas (chlorine)
with a metal (sodium) ; and limestone, clay, sugar, and
wax may serve as examples of compound bodies : whilst
phosphorus, charcoal,, iron, mercury, and gold may be
mentioned as belonging to the class of simple substances.
The following experiment well illustrates the decomposi-
tion of a compound into two simple substances. A small
guantlty of the red powder called mercuric oxide, is intro-

uced into a test tube and heated in a gas flame ; when
hot, the oxide gradually decomposes, a grey deposnt of
metallic mercury in small globules collects upon the
cooler parts of the glass, whilst the tube becomes filled:
with colourless oxygen gas whose presence can be demon-
strated by the rekindling of a glowing chip of wood
plunged into the tube. On continuing the heat, the whole
of the red powder is found to be split up into the two
elements, mercury and oxygen, which together weigh
exactly as much as the red oxide from which they were
obtained.

* The elementary bodies, for the sake of convenience, are
arbitrarily divided into two classes, the mefals and the
non-metals. In the first are placed elements such as gold,
iron, lead, mercury, tin; in the second, those elements
which are gases at the ordinary temperature, such as
oxygen, hydrogen, &c., together with some solid elements
as sulphur, charcoal, &c The number of the metals is
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much larger than that of the non-metals; we are ac-
quainted with forty-nine metals, and with only fourteen non-
metals. These sixty-three elements constitute the material
out of which the whole fabric of the science is built ; every
description of matter which has been examined is made up
of these elements, either combined together to form corn-
pounds or in the uncombined or free state. The science
of chemistry has for its aim the experimental examination
of the properties of the elements and their compounds,
and the investigation of the laws which regulate their
combination one with another. The applications of the
principles of chemical science to the arts and manufactures
are of the highest importance and interest; they have
exerted a most matenal influence upon the progress of
civilisation, and have greatly tended to the elevation and
benefit of mankind ; the instances are innumerable in
which altogether new branches of industry have sprung
up from the happy application of simple chemical prin-
ciples, and there is scarcely an article in common use in
the production of which some application of chemistry has
not proved of essential value.

The following is a complete list of the elementary
bodies known at present (1866). The names printed in
large capitals, as BORON, are the non-metals, those in
small capitals, as ALUMINIUM, are the more commonly
occurring metals, those in small type, as Cadmium, are
the rarer metals.

Nemes. Symbols. Combining Weight.
ALUMINIUM . . . Al. . . . . . 274
ANTIMONY . . . . Sb. . . . . . I22
ARSENIC. . . . . As. . . . . . 75
BARIUM . . . . . Ba. . . . . . 137
BisMuUTH . . . . Bi. . . . . . 210
BORON. ., .. . B ... ... 11
BROMINE. . . . Br. . . . . 8o
Cadmium . . . . Cd. . . . . . II2
Caesium . . . . . Cs. . . . . . 133
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Names.
CALCIUM. . .
CARBON . .
CHLORINE .
Cerium . . .
CHROMIUM . .
COBALT . .
COPPER . .
Didymium .
Erbium . .
FLUORINE .
Glucinum .
GoLp . .
HYDROGEN
Indium .
IODINE
Iridium .
IRON . . . .
Lanthanum . .
LEAD . . .
Lithium . .
MAGNESIUM
MANGANESE
MERCURY .
Molybdenum
NICKEL . . .
Niobium . . .
NITROGEN .
Osmium . . .
OXYGEN . .
Palladium . .
PHOSPHORUS
- PLATINUM . .
POTASSIUM . .
Rhodium .
Rubidium . .
Ruthenium ., .

e o o o o

e o o o

e ¢ o o & o o o

« s o o o & o

e o o o o

?

Comlining Weight.

.

o« e

e o o o o o o o e o o

e o o o ®
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Narmes. Symbols. Combining Weight.

SELENIUM . . . Se. . . . . « 79%
SILVER . . . . . Ag.-. . . . . 108
SILICON . . . . Si e . 28
Soptum . . . . . Na. e . 23
STRONTIUM . . Sr . . 875
SULPHUR. . . . S . . . .« . 32
Tantalum . . . . Ta. . . . 1720
TELLURIUM . . Te. . . . . 129
Thallium. . . . . Tl .« . 204
Thorium . . . . . Th. . 157
TIN. + ¢« v ¢+« « Sn. . . . . . 18
Titanjum. . . . . Ti. . . . . . 50
¢« Tungsten. . . . . W . . . . . . 18
Uranium. . . . . U . . . . . . 120

Vanadium . . . . V . . . . . . 137
Yttrium . . . . . Y

ZINC « v + « « « Zn. . . . . . 652
Zirconjum . . . . Zr. . . . . . 896

Some of these are very abundant and occur widely
distributed, whilst others have only been found in such
minute quantities, and in such rare fragments, that their
properties have not yet been satisfactorily examined.
Thus, for instance, oxygen occurs throughout the air, sea,
and solid earth, in such quantities as to make up nearly
half the weight of our planet. Whereas the metals
yttrium; eérbium, indium, &c. have only as yet been met
with in most minute quantltles.

The elements are distributed very irregularly throughout
our planet : only four occur in the air, some thirty have
been found in the sea; whilst all the known elements
occur variously dxspersed in the solid mass of the earth.
The following table, giving the composition by wexght of
the primary rocks, shows that the bulk of the earth’s solid
body is made up of only eight elements, the remainder
being found in much smaller quantities.
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Composition of the Earth’s Solid Crust in 100 parts by
weight.

Oxygen . . 440 to 487 ] Calcium . . . 66 to og

Silicon . . 228 , 362 | Magnesium. . 27 ,, o1

Aluminium . 99 , 61|Sodium . . . 24, 275§

Iron. . .. 99, 24]|Potassium . . 17 , 31

Doubtless other elements exist undiscovered in the
earth in addition to the sixty-four now known, for we find
that where, with the progress of science, new and more
accurate methods of examining the composition of matte:
have been employed, the existence of new elements has
frequently been brought to light; thus within the last
four years, no less than four new elements have been
discovered by the help of the new method of spectrum
analysis (see p.228). Whether any of the bodies now
termed elementary may, by the application of more
powerful means than we at present possess, at some
future time be split up into simpler constituents, is a
question which we cannot answer with certainty. Judging,
however, from precedent, we may consider the occurrence
of such a thing as possible, or even likely ; for the alkalies
potash and soda were believed to be elements until the
year 1808, when Sir H. Davy proved that they were in
reality compounds.

Our knowledge of the chemical composition of the
heavenly bodies was restricted, until lately, to that gained
from the examination of meteorites, in which no element
has been found which is not known in the earth.
Within the last few years the foundations of a solar
and stellar chemistry have, however, been laid; and,
we are now able to ascertain the presence of many
well known chemical substances in the sun and far distant
fixed stars with as great exactitude and cegtainty as we
are a)l'ale to prove their presence in terrestrial matter (sce
P-233
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NON-METALLIC ELEMENTS.

LESSON IIL

Oxygen. Symbol O. Combining Proportion 16.
. Density 16. :

OXYGEN is a_colourless invisible gas, possessing neither
taste nor smell. It exists in the free state in the atmosphere,
-of which it constitutes about one-fifth by bulk, whilst in
combination with the other elements, it forms nearly half
the weight of the solid earth, and eight-ninths by weight
of water. Oxygen was discovered in the year 1774 by
Priestley, and independently in 1775 by Scheele. Lavoisier
first clearly pointed out in 1778 the part played by oxygen,
and explained the chemical changes that go on when
bodies burn in the air. The birth of the modern science
of chemistry may be dated from the discovery of oxygen.
Oxygen gas can be prepared from the air, but it is more
easily obtained from many compounds which contain it
in large quantities. Priestley prepared oxygen by heating
red mercuric oxide : this substance is made up of 200
parts by weight of mercury, and sixteen parts of oxygen ;
when strongly heated, it is decomposed, yielding metallic
mercury and oxygen gas. Oxygen can be more cheaply
obtained by heating potassium cklorate (commonly called
chlorate of potash), a white salt which yields on heating
39'2 per cent. of its weight of this gas. In order to collect
the oxygen thus given off, powdered potassium chlorate is
placed in a small thin glass flask, furnished with a well-
fitting cork, into which a bent tube is inserted. The
lower end of the tube dips under the surfice of water in
a pneumatic trough, and the gas, on being evolved, bub-
bles out from the end of the tube, and is collected in jars
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or bottles filled with water, and placed with their mouths
downwards in the tro:gh. Fig. 2. shows the arrangement
of the apparatus needed for the preparation of oxygen
gas. If a small quantity of manganese di-oxide (black
oxide of manganese) be mixed with the potassium chlorate,
the oxygen is given off from the chlorate at a much lower
temperature, and thus the evolution of the gas is facili-
tated, but the manganese di-oxide undergoes no change
whatever. All the elements, with the single exception of
fluorine, combine with oxygen to form ozédes. In this
act of combination, which is termed oxédation, heat is
always, and light is frequently, given off. When bodies

Fig. =

unite with oxygen, evolving light and heat, they are said
to burn, or undergo combustion. All bodies which burn
in the air, burn with increased brilliancy in oxygeén gas ;
and many substances such as iron, which do not readily
burn in the air, may be made to do so in oxygen. A red-
hot chip of wood, or a taper with glowing wick, is suddenly
rekindled and bursts into flame when plunged into a jar
of this gas. Sulphur, which in the air burns with a pale
lambent flame, emits in oxygen a bright violet light ; and
a small piece of phosphorus, when inflamed and placed
in oxygen, burns with a dazzling light. If the jars,in -
which these experiments have been performed, be after-
wards examined, it is found that the substances produced
by combustion in oxygen possess acid characters; they

¢
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have the power of turning red certain vegetable blue
colouring matters, such as litmus; owing to this fact
Lavoisier gave to oxygen the name it bears (from o6£ds
acid, yewdo I produce). Fine iron wire can be easily
burnt 1n oxygen by tipping the end with burning sulphur,
and then plunging the iron thus tigped into a jar of the
gas ; the oxide of iron, formed by the combustion, drops
down in the molten state. :

Many other substances may be employed for the pre-
paration of oxygen ; thus, if large quantities of the gas
are needed, manganese di-oxide (a substance of frequent
occurrence in nature) may be heated to redness in an iron
bottle; 100 parts by weight of the oxide yield 123 by
weight of oxygen. Another interesting decomposition by
which oxygen is set free, is that effected by sunlight upon
the carbonic acid gas contained in the air ; thisis accom-
plished by the green colouring matter of plants. Sunlight
has the power, in presence of this green colouring matter,
of decomposing carbonic acid ; the carbon is taken up by
the plant for its growth, whilst the oxygen is set free, and
is afterwards used by animals for the support of the process
of respiration. In the act of inspiration (filling the lungs)
animals breathe in the oxygen of the air, whilst in that of
expiration (emptying the lungs) they breathe out carbonic
acid gas. Hence oxygen is necessary to animal life,
wherefore this gas was formerly termed v:Zal azr. The
chemical change which oxygen effects upon the body of
the animal is in fact identical with that which goes on
when a piece of charcoal burns in the air or oxygen ; this
may be rendered evident by a simple experiment. If some
clear limewater be poured into a bottle of oxygen in which
charcoal has been burnt, the limewater will become milky
owing to the formation of a compound of lime and car-
bonic acid (called chalk), this acid being produced by the
combustion ; if the air contained in the lungs be next blown
through a piece of glass tubing into some more clear
limewater, a turbid**y (from the formation of chalk) will
at once occur, proving that carbonic acid gas is given off
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from the lungs. This carbonic acid arises from the oxi-
dation of the constituents of the body, and by this oxida-
tion the heat of the body, which is greater than that of
surrounding inanimate objects, is sustained. When this
chemical process stops the animal dies, and the temper-
ature of the body sinks to that of the neighbouring objects.
Carbonic acid, nitrogen, and some other gases cause
death when inhaled, because they do not contain free
oxygen, and hence the process of oxidation in the body
ceases. This cause of death is independent of any
poisonous action of the gases. Other pracesses for pre-
paring oxygen on a large scale will be mentioned in the
lessons relating to bleaching powder, sulphuric acid, and
barium peroxide.

When the composition of a substance is determined by
splitting the compound into its elementary constituents, a
chemical analysis of that substance is said to have been
made : when the composition is ascertained by bringing
the constituent parts together, we are said to determine
the composition by syntkesis. If we analyse potassium
chlorate we find that, from whatever source this salt may
be derived, it always possesses the same unalterable
composition. This is true of every definite chemical
compound ; indeed, were it not so, chemistry as a science
could not exist. Potassium chlorate is made up of three
elementary bodies, chlorine, potassium, and oxygen com-
bined together in the following proportions by weight :—

Chlorine. . . 35'5 parts by weight.

Potassium . . 391 »

Oxygen . . . 480 »

Potassium Chlorate . 1226 »
N

‘When this salt is heated, the whole of the oxygen comes
off as gas : 122'6 parts yield 48 parts of oxygen, while 74:€
parts of a white solid compound of chlorine and potas-
sium called potassium chloride remain behind. Hence
the weight of oxygen which can be obtained from any
given weight of potassium chlorate, and wvice versd, can
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be calculated. In order to express the composition of
substances more conveniently than can be done by
writing the names of the elementary constituents at full
length, chemists use a kind of short-hand, or symbolic
language, some of the principles of which must now be
shortly explained. Instead of writing the whole name,
the first letter or the first two letters of the name alone
are employed to designate the element ; sometimes using
the English, sometimes the Latin or Greek name. Thus
Cl stands for Chlorine, O for Oxygen, and K (from Kali,
another name for Potash) for Potassium.

These letters, however, signify more than this ; they stand
not only for the elements in question, but they all have
certain numbers belonging to them which indicate the
proportions by weight in which the several elements
combine with each other. Thus Cl does not signify any
weight of chlorine, but always exactly 355 parts by weight ;
K does not signify any weight of Potassium, but always 39'1
parts ; while O signifies always 16 parts by weight of
Oxygen. Hence it is evident that we may express not
only the gualitative but also the guantitative chemical
composition of potassium chlorate by the symbol KClO,, in
which Oz means 3 X 16 parts of Oxygen. Inlike manner
each of the 64 elements has its particular symbol and
number attached, signifying the proportion by weight in
which it combines (see Table, page 6). The reasons which

. have led Chemists to adopt these special numbers for the
combining weights or proportions of the elements, and the
laws which have been found to regulate their combination,
will be explained as our stock of chegnical facts gradually
becomes larger. '

The density or weight of a given volume of oxygen,
compared with that of the same volume of hydrogen, is
found to be sixteen, hydrogen, as the lightest body known,
being taken as the standard. The specific gravity of
oxygen, compared with the weight of the same volume of
air taken as the unit, is found to be 1°’1056. One litre of
oxygen gas at 0° C., and under the pressure of 760 milli-
metres of mercury, weighs 1°4298 grammes.
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Pure oxygen undergoes a remarkable modification
when a series of electric discharges is passed through
the gas : it thus attains more active properties ; it is able
to set free iodine from potassium iodide, and to effect oxi-
dations which common oxygen is unable to bring about.
This allotropic modification of oxygen has been termed
Ozone. If a series of electric discharges be passed through
pure oxygen, the gas becomes diminished in volume by
about one-twelfth, and is partly transformed into ozone. If
any substance be present, such as potassium iodide, capable
of absorbing the ozone as it is formed, the whole of the
oxygen can be transformed into this active modification.
The peculiar smell which is observed when an electrical
machine is worked, is caused by the presence of ozone-
and if a paper, dipped in a solution of potassium iodide
and starch paste, be held opposite a point on the conductor
of the machine, the paper becomes plue, owing to the
liberation of iodine and the formation of a blue compound
of iodine and starch. Ozone can be obtained in several
other ways ; it is formed when a stick of phosphorus is
allowed to hang in a bottle filled with moist air; it is
produced in small quantities in the electrolytic decompo-
sition of water (s¢¢ p.33 ) ; and it is formed by the action
of strong sulphuric acid upon a salt called potassium per-
manganate. There has been a great deal of discussion
respecting the nature and composition of ozone ; it ap-
pears, however, to be proved that it is simply oxygen in a
condensed form.

Hydrogen. Symbol K. Combining Pro}ortz'on 1.
Density 1.

Hydrogen is a colourless invisible gas, possessing neither
caste nor smell ; it is the lightest body known, being 14°47
times lighter than air, It occurs free in small proportions
in certain volcanic gases, but it is found in much larger
quantities, combined with oxygen to form water (¥8wp, water,
and yewaw, I produce), and it is by the decomposition ot
water,or of some other similar hydrogen compound, that the
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Eas is always prel?ared. Hydrogen appears to have been
rst obtained by Paracelsus in the sixteenth century, but its
properties were first exactly studied by Cavendish in 1781.
One-ninth of the weight of water consists of hydrogen, and
this gas can readily be obtained from it by the action of
certain metals, which decompose the water, combining
with the oxygen to form a metallic oxide, and liberating
the hydrogen as a gas. The metals of the alkalies, potas-
sium and sodium, decompose water at the ordinary tem-
perature of the air; some other metals, as iron, are only
able to do so at a red heat; whilst others, for instance
silver and gold, are unable to decompose water at all.
When a small piece of potassium is thrown into water, an
instantaneous decomposition of the water ensues, potassium
oxide (potash) is formed, and the hydrogen of the water is .
liberated, so much heat being at the same time evolved,
that the hydrogen takes fire and burns. If the potassium,
or still better, sodidm, be wrapped in a piece of wire gauze,
and thus held in the water o(P the pneumatic trough, under
the mouth of a cylinder, the hydrogen gas thus liberated
may be collected, and its properties examined. To pre-
pare hydrogen by the action of red-hot iron on” water,
a wrought-iron pipe, like a gun-barrel, filled with iron
turnings, must be heated in a furnace, Fig. 3, and steam
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from a small flask or boiler, passed over the red-hot metal
through the tube ; hydrogen gas is given off, and oxide
of iron left in the tube. The most convenient process
of preparing pure hydrogen in quantity depends upon
a property possessed by those metals, such as iron or
zinc, which decompose water at a red heat, namely, that
these metals are able to evolve hydrogen from water
at the ordinary temperature of the air if a dilute
acid be present. For the purpose of thus obtaining
hydrogen, a flask or bottle is provided with a cork and
tube as represented in Fig. 4, some zinc clippings are

Fig. 4.

.introduced, and a mixture of one part of sulphuric acid
and eight parts of water poured in through the tube
funnel. ter a few minutes a rapid effervescence com-
mences, and the evolved gas is collected over water in
bottles or cylinders as in the case of oxygen. Care must,
however, be taken that all the air is expelled from the
flask before the hydrogen is collected ; this is easily ascer-
C
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tained to be the case by filling a test tube with the gas,
and trying whether it burns quietly when a lighted candle
is brought to the mouth o? the tube held downwards.
Hydrogen burns in the air when a light is brought to
it with a very slightly luminous, although extremely hot
flame ; and in the process the hydrogen combines with
the oxygen of the air, forming water. The production of -
water by the combustion of hydrogen in the air may easily
be shown by bringing a brigl)i't dry glass over the flame of
hydrogen issuing from a fine jet, as in Fig. §; the glass

Fig. s.

becomes at once dimmed owing to the condensation of
water in small drops upon the cold dry surface. A number
of these drops can be collected, and, upon examination,
are found to consist of pure water. Hydrogen does not-:
support the combustion of a candle, nor the life of an
animal. If a burning taper is pushed up into a cylinder
of this gas, held with its mouth downwards, the hydrogen
burns at the mouth of the jar while the taper is extin-
guished ; it can, however, be relit by the flame at the
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mouth, Hydrogen can be poured from one vessel to
another in the air ; but as it is lighter than air it must be
poured upwards. The specific gravity of hydrogen, when
air is taken as the unit, is found to be 0'0693 ; but for
several reasons we shall find it more convenient to take
hydrogen itself as our unit, and compare the weight of the
same volumes of other gases with hydrogen instead of air.
One litre of hydrogen gas at 0° C. and 760 mm. pressure
weighs 008936 gramme. Free hydrogen, like oxygen, has
never been obtained in the liquid or solid state.

If we concentrate by boiling the liquid remaining in
the flask after the evolution of the hydrogen, we find
that white crystals separate out when the liquid cools:
these consist of zinc sulphatd. A given weight of zinc
(with sulphuric acid and water) can always be made to
produce a certain weight of hydrogen, and a certain weight
of zinc sulphate will always be formed. It is found by
experiment that 2 parts by weight of hydrogen can be
obtained by dissolving 652 parts of zinc with the forma-
tion of 161°2 parts of zinc sulphate.

The pupil must carefully work out the examples and
exercises given for each Lesson at the end of the book, and
thus test the accuracy of his knowledge.

LESSON III
Physical Properties of Gases, &>c.

IT becomes now of importance to ascertain not merely
the weights of oxygen and hydrogen capable of being
evolved by using given weights of potassium chlorate or
zing, but likewise the volume of each gas thus obtained.
Before we can enter into these calculations there are
several important preliminary subjects, with the principles
of which we must make ourselves acquainted.

The first of these is the mefric or French decimal system
of weights and measures ; the second is the mode of mea-

Cc2
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suring temperature, and the construction and use of ther-
mometers, together with the laws regulating the expansion
of gases by heat ; whilst the third relates to the measure-
ment of atmospheric pressure by means of the barometer,
and the laws regulating the changes which variations of
pressure produce in the volumes of gases.

Metric System of Weights and Measures.

There are several distinct advantages to be gained by
the adoption of this system, the chief of which is that the
system is throughout a decimal one, and hence all calcu-
lations for reduction, such®as occur in our old measures
(from pennyweights to tons, or from inches to miles, for
instance), are avoided. A second important consideration
which renders our use of this system advisable, is that it
is now generally adopted by men of science in all coun-
tries. The starting point of this system is the establish-
ment of a unit of length called a metre, equal to rather
more than our yard (more exactly, 39'37 English inches).
This metre, like all other standards of length, is an arbi- .
trary length : a standard metre was prepared, and, of this,
copies are made for use.*

The metre is divided into tenths, hundredths, and thou-
sandths ; these parts are termed respectively, decimetres,
centimeltres, and millimetres. The multiples of the metre,
tens, hundreds, and thousands, are called decametres, hec-

* When the metre was first made, it was intended to give it a length which
should have some reference to the earth’s ci fe , and a dard was
made which had the length of the m part of the distance from the
equator to the pole as measured by the French g ici; Subseq
i igati ve, h , proved that the measurement of the earth’s
circumference then made is not quite correct, and hence the metre turns out

to be not quite (although very nearly} the m part of the true distance

of the pole from the equator. The value of the metric system does not at all
deEen upon this relation between the earth’s circumference and the metre.
The metre is the length of the bar of metal carefully preserved in Paris, from
which copies have been taken for use.
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tometres, and kilometres. The measures of area, or square
measure, and those of capacity, or cubic measure, are
easily obtained; we have square metres and
square deci-, centi~, and milli-metres ; we have
also cubic metres and cubic deci~, centi-, and
milli-metres ; and we have the square and cubic
measures derived from the multiples of the
metre in the same way.

0

9

r0 decimetres . . . .
100 centimetres . . . .
1,000 millimetres . . . . . ”
100 square decimetres . . . . I square metre.
10,000 ,, centimetres .
2,000,000 ,, millimetres .
1,000 cubic decimetres . .
1,000,000 ,, centimetres . .
2,000,000,000 ,, millimetres . .

7

L

1 cubic metre.
”
”»

“ e e v e
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The measure on the margin is 1 decimetre
in length ; it contains 10 centimetres and 100
millimetres. For the sake of simplicity the
word Zitre is used to signify 1 cubic decimetie
(rather less than an English quart).

The French philosophers who arranged this
metric system wished to have a simple relation
between the measure of volume and that of
weight, and they determined to take as their unit
of weight the weight of 1 cubic centimetre of
pure water of thé temperature of 4° Centigrade
weighed at Paris. This weight is termed a

amme. It is divided like the metre into tenths,

undredths, and thousandths, called respectively
deci-, centi-, and milli-gramme; whilst to the
tens, hundreds, and thousands of grammes: the
names deca-, hecta-, and kilo-gramme are given.
A table showing the relation between the weights
and measures of the metric system and those
commonly in use in this country is given in the
Appendix). ’
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Measurement of Temperature—Thermomelers.

Measurements of changes of temperature are always
eftected by ascertaining the expansion or contraction
which bodies undergo by alteration of temperature. For
this purpose liquids are generally used, as solids expand
too little and gases too much to be convenient indicators.
Mercury and alcohol are the liquids commonly employed,
especially the former, because its rate of expansion is
nearly uniform, and because the range of temperature,
which can be measured by a mercurial thermometer, is
large, this metal boiling at a very high temperature, and
freezing at a comparatively low one. Alcohol is used
when very low temperatures have to be measured, as this
liquid has never yet been frozen. Air thermometers are
only used in very delicate experiments in physics. In
order to prepare a mercurial thermometer a straight piece
of glass tubing, having a bore as uniform as possible
throughout its whole length, is taken, and a bulb blown
upon the end. This bulb, together with the whole of the
tube, is then filled with mercury, and heated up to the
highest temperature which the instrument is requirgd to
measure ; the open end of the tube is then completely
closed, whilst full of mercury, by melting the glass before
the blowpipe.. The thermometer thus prepared requires
graduating, in order that its indications may be compared
with those of any other. This graduation is effected :
1. By plunging the bulb and stem in finely-powdered and
melting ice, and marking on the stem the point where the
mercury stands. 2. By immersing the bulb and stem
in the steam given off from water boiling in a metallic
vessel, and marking off the point where the mercury then
stands. Care must be taken during this last experiment
that the height of the barometer be observed ; the reasons
for this J)recaution will be explained further on. Having
obtained these two fixed points, it is easy to adapt a scale
to the thermometer. Three scales, each of which is capable
of being expressed in terms of the others, are at present
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. in use: 1. The Centigrade scale. 2. Fakrenheif's scale.
-~ -# 3. Reaumur's scale. In the Centigrade scale (which we
 shall adopt, it being the one almost universally employed
in scientific works, and in general use on the Continent)
the space between these two points—called respectively
the freezing and boiling points—is divided into 100 equal
parts, each of which is called a degree : the Zero of the
scale is placed at the freezing point, so that the boiling
point is 100°. These divisions are continued above and
below the boiling and freezing points, and those below
this latter are characterized by a minus sign, thus, —1°
—2°% &c. Fahrenheit divided the same space into 180
equal parts, each of which is called a degree Fahrenheit;
he did not, however, commence his scale at the freezing
point, as he erroneously thought that he had obtained the
greatest possible degree of cold by making a mixture of
snow and salt ; the temperature of this mixture he found
to be 32 of his degrees below freezing point ; he, therefore,
called the freezing point 32°. In Fahrenheit’s scale, minus
numbers are employed to denote
those temperatures below the Zero ¥ c n
of his scale ; this scale is the one
in common use in England, but is
the most inconvenient one which
we could adopt. Reaumur’s scale
(used in Russia and Sweden) re- 00
sembles the Centigrade scale,except
that the space between the freezing
and boiling points is divided in 8o
equal points ; so that water boils at
80° Reaumur. The connexion be-
tween these three scales is seen at
a glance by reference to Fig. 6.
The relation between the degrees
Fahrenheit, Centigrade, and Reau- .
mur, is expressed by the numbers Fig. 6. )
9,5, 4. In converting from degrees Fahrenheit to Centi-
grade or Reaumur, we must remember first to subtract
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32 and then reduce; whilst when passing from degrees
Centigrade and Reaumur to Fahrenheit we must add 32
after the multiplication and division is completed.

If very exact measurements are required, several precau-
tions must be taken in the graduation and use of thermo-
meters ; thus, for instance, the tube must be calibrated—
that is, the irregularities in the bore must be determined
and allowed for, whilst any slight alteration in the position
of the freezing point must from time to time be ascer-
tained. Different mercurial thermometers often show
slight differences in their indications, owing to the unequal
expansion of different kinds of glass, hence it is necessary
in exact experiments to have recourse to the air thermo-
meter.

Expansion of Gases by Heat.

Solid and liquid bodies expand much less for equal
increments of heat than gases ; they also all expand dif-
ferently, whilst all gases expand alike, or very nearly so.
The expansion of solids and liquids is a subject with
which, in elementary chemistry, we have little to do,
whilst a knowledge of the laws regulating the expansion
of gases is of more immediate importance. It has been
found by exact and laborious experiment that all gases
expand g}y part of their volume at o° C. for every increase
in temperature of 1° Centigrade:

Thus 273 volumes of air or hydrogen at o:

become 274 » » 1
o
” 275 » ” 2°

” 276 ” ” 3
or 273+t » . t°

The decimal fraction corresponding to gk is 0'003665 ;
t volume of air at 0° C. becomes 1003665 volumes when
heated to 1° C. This fraction is called the co-¢fficient of
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the expansion of gases.* 1f we require to know the volume
which 1,000 cubic centimetres of hydrogen measured at
o° C. will occupy when the temperature is raised to 20°
we must remember that the alteration in bulk takes place
in the ratio of the numbers 273 to 273+20. Hence we
multiply 1,000 by 293, and divide by 273. If we require to
know what the volume 1,000 cbc. measured at 20° C. will
occupy when the temperature sinks to o°,we have to remem-
ber that the diminution in volume follows the same law,
and that, therefore, 293 vols. at 20° will become 273 vols. at
o°. If we have 1,000 cbc. of gas at 20°% and desire to know
the volume which it will occupy at §0°% we have in like
manner to remember, that 273 +20, or 293 vols. at 20°
become 273+50, or 323 vols. at 50°; and then we can
easily find the alteration in volume which the 1,000 cbc.
of gas will undergo when heated from 20° to 50°.

Relation of Volume of Gases to Pressure.

When a gas is subjected to an increase of pressure, the
volume of the gas becomes less; and when the pressure
is withdrawn, the gas immediately expands again, and
occupies exactly the same volume which it did before
the pressure was increased. Solid and liquid bodies can-
not be compressed in the same way. Gases are hence
known as compressible fluids, and liquids as éncompressible
fluids : liquids, however, really are compressible, but only
to a very slight extent: like gases, they recover their
original volume on removal of the pressure. The law
representing the relation between the volumes of a gas
and the pressures to which the gas is subjected, is a very

* Regnault and Magnus have shown that hydrogen dgas expands rather less

than atmospheric air, whilst carbonic acid gas expands rather more than air.

The coefficients of expansion from o° to 100" obtained by these two renowned
1 as foll

are

Regnanlt. Magnus.
Hydrogen . . . . 0736614 036556
Carbonicacid . . . 037099 0°'36909

t—
P K
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simple one: it is termed Boyle’s or Mariotte’s Law,
.from the names of the discoverers: it states that the
volume occupied by any gas is inversely profﬁortz’anal te
the pressure to which it is subjected. Thus, for instance,
the volume 1 under pressure 1 becomes the volume 2 under
the pressure §, the volume 3 under the pressure 4, the
the volume % under the pressure 2, and the volume }
under the pressure 3, and so on.* For a description of
the experimental proof of this law, a work on Physics
must be consulted.

The instrument which serves to measure
the pressure exerted by the air is termed a
barometer. (Fig. 7.) This in its simplest
form consists of a straight glass tube, about
800 mm. (33 inches) in length, closed at
one end, and furnished with a millimetre
scale. This tube is filled with dry mercury,
and the open end placed downwards in a
basin containing the same metal. It is then
seen that the mercury sinks in the tube to
a point about 760 mm. from the surface of
the metal in the basin: it is sustained in
this position by the pressure of the air.
When this pressure becomes greater the
height of the sustained column becomes
greater ; when it diminishes, the level of the
mercury in the tube falls. All gases gene-
rated at the earth’s surface are subject to
this pressure, and their volumes increase or
diminish according to the above law, when
the superincumbent pressure becomes less or greater.
In estimating the volume of hydrogen which can be
collected from a given weight of zinc and sulphuric
acid, it is clear that we require to know not only the tem-

. The - . N
i ey S el G ey
when high pressures are used, and many deviate perceptibfy: still, as these

deviations are but very slight, we may assume, for the purposes of our calcu-
fations, the absolute truth of the law of Boyle. ’
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perature at which the gas is collected, but also the atmo-
spheric pressure under which it is measured, and in order
to be able to compare the bulks of two gases, we must
always compare them under like conditions of tempera-
ture and pressure. For this purpose we agree to com-
pare all the volumes of gases at the standard temperature
of 0° C. and under the standard pressure of 760 millimetres
of mercury. Suppose now that we desire to know what
weight of potassium chlorate we need to take in order
to fill with oxygen gas a gasholder having a capacity
of 10 litres, the temperature of the room being 15° C.
and the barometer standing at 752 mm. We know
that (1) 122°6 parts by weight of potassium chlorate yield
48 of oxygen; (2) that a litre of oxygen at o° C. and
760 mm. weighs 14298 grms. We must now ask what
will 10 litres of oxygen weigh if measured at 15° C. and
under the pressure of 752 mm.? Now, 10 litres at o°

and 76omm. will become &(%g‘%—*'l_s) = 10661
at 15°and 752mm. ; therefore, if 10 litres at o°® and 76omm.
weigh 14298 grms. 10 litres at 15° and 752 mm. will weigh
%g% =13'411 grms. Next we require to know how
many grammes of chlorate will furnish this weight of
oxygen ; as every 122'6 parts of chlorate yield 48 parts

of oxygen we shall need Lﬁ%ﬂ = 34°254 grms. of

chlorate. In the same way we can calculate, for instance,
the weight of zinc and sulphuric acid needed to inflate a
balloon of the capacity of 150 cubic metres with hydrogen,
when the thermometer stands at 11° C. and the barometer
at 763 mm. The student will do well to work out numerous
examples of this kind, in order to familiarize himself with
these methods of calculation (see Exercises at the end of
the book). :

It may be as well here to mention a simple mode of
calculating the absolute weight of a given volume of an
gas at o° and 760 mm. depending upon the fact, whic

-~
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will become evident as we proceed, that tke densities of
all the elements known in the gaseous state are identical
with their combining weights®
Thus the density and combining weight of oxygen are
alike 16 ; or, oxygen is 16 times heavier than hydrogen :
the density and combining weight of nitrogen are alike
14 ; or, nitrogen is 14 times heavier than hydrogen ; the
density of chlorine is 35°5, that of sulphur vapour 32, and
so on. Remembering this fact, it is easy to calculate the
absolute weight of a given volume—say one litre of these
different gases—when we know that one litre of hydrogen
at the standard pressure and temperature weighs 0°08936
es. Thus 1 litre of oxygen, under the same cir-
cumstances, weighs . . . 16X0°08936 = 1'430 grms.
1 litre of nitrogen ~ weighs 14X008936 = 1251 ,,
»  chlorine » 35'5X008936 = 3172 ,,
,»  sulphurvapour ,, 32X 008936 = 2'860 ,,
In the case of almost all compound gases, the density
is one-kalf the combiuing weight.t

Thus the density of water-gas, or steam, is xzior 9; that
is, it is nine times heavier than hydrogen; the density of

65

. 1
hydrochloric acid is 3—2—-or 18-25 ; that of ammonia, ;7

or 85 ; that of carbonic acid, 4;4 or 22. Hence the

weights of 1 litre of these compounds (estimated at 0° C
and 760 mm.) are as follows :—

1 litre of steam weighs . 9X0'08936
» ammonia " . 835X008936
» hydrochloric acid ,, . 18'25X0°08936
»  carbonic acid w o 22X008936

* Two notable exceptions to this law occur in the case of phosphorus and
arsenic, whose vapours possess a density twice as great as that required to
ble in accordance with the above law, which holds good for all other gaseous
elements.

t The exceptions to this law are ioned under the al d

P
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Diffusion of Gases.

Another physical property of gases is that of dzffusion.
Gases which, when mixed together, do not combine
chemically, have the power of becoming intimately mixed
together, even when different in specific gravity, and when
the heavier gas is placed at the bottom, and both remain -
at rest. This important property is called the dZfusive
power of gases. The rate at which gases diffuse varies
greatly. Thus, a bottle filled with hydrogen lost 94°5 per
cent. of this gas when left exposed to the air in the same
time as that in which a bottle of carbonic acid lost only
47 per cent. of this gas in the same way. Gaseous diffu-
sion goes on through the minute pores of certain solids,
such as stucco, or thin plates of graphite ; the different
diffusive rates of air and hydrogen may be well seen by
fixing a thin piece of graphite on to one end of a glass
tube open at the other end, and filling this with hydrogen;
on plung'inti the open end into water a steady rise of this
liquid in the tube is noticed, and after some time the
whole of the hydrogen is found to have disappeared, and
the tube to contain only pure air. Experiments made
upon this subject have shown that the velocity of diffusion
of different gases is inversely proportional to the square
roots of their densities ; thus 4 volumes of hydrogen will
pass through the diaphragm in the same time that 1 volume
of oxygen is able to do so, oxygen being sixteen times
as heavy as hydrogen. This property of gases has an
important bearing uﬁon the atmosphere of towns and
dwelling-rooms, which is kept pure to a great extent by
this diffusive power of gases.
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LESSON IV.

Chemical Compounds of Oxygen and Hydrogen.

WE are acquainted with two compounds of oxygen and
hydrogen, namely :(—

(1.) Water or Hydric Oxide. Symbol H,0. Combining
Proportion 18, Density 9.

(2.) Peroxide of Hydrogen ov Hydric Peroxide. Symbol
H;0,. Combining Proportion 34.

Water, H,0. When hydrogen burns in the air water is
formed by the union of the former gas with oxygen.
The discovery of the composition of water was made in
1781 by Mr. Cavendish, who showed that two volumes of
hydrogen unite with one volume of oxygen to form water.
In order to prove this, Cavendish made a mixture of these
gases in this proportion by volume in a jar, and then
allowed them to pass into a strong dry vessel (Fig. 8)

" Fig. &
from which the air had been pumped out. By means of
two platinum wires melted through the glass (at B), an

electric spark could be passed through the mixture of
the two gases, causing their combination ; dew was then
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seen to be deposited upon the sides of the vessel, and,
when the stopcock was opened under water, this liquid
rushed in, filling the whole space formerly occupied by the
mixed gases. Cavendish weighed the glass before and
after the experiment, and knowing the weight of gases
taken, he found that the weight of the water produced
was the same as that of the gases which combined.
Since the above-mentioned year, the exact composition of
water has been made the subject of careful synthetical
experiment by many chemists, and the result has been
to confirm by much more delicate methods this original
conclusion. The most accurate of these methods of
ascertaining the composition of water is a modification
only of that originally used by Cavendish. We use for
this purpose a long, accurately graduated, strong glass
tube called a Eudiometer (A, Fig. 9), open at one end

WY

i
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and closed at the other, whilst through the glass at
the top are melted two platinum wires. This tube is
first filled with mercury, and inverted mouth down-
wards over a trough filled with this metal (Fig. 9).
Hydrogen gas is now allowed to enter the tube, and the
volume admitted measured (suppose equal to 100 volumes) ;
oxygen gas is next admitted, and the volume of the two
mixed gases measured (suppose that 75 volumes of oxygen
are added). In making this experiment, care must, how-
ever, be taken that the tube is not more than half full
of the gaseous mixture, as great heat is evolved by the
combustion, and hence a sudden expansion of volume
occurs, for which reason it is necessary to press down the
open end of the tube upon a plate of caoutchouc placed
under the mercury. An electric spark is now passed
through the gas along the platinum wires, when a flame
is seen to pass down thfough the gas, showing that com-
bination has occurred. As soon as the heat caused by
the combustion has disappeared, the water produced will
be deposited as dew upon the inside of the tube, and will
then only take up about 3y part of the bulk which its
constituent gases occupied, so that its volume may be
neglected ; when the bottom of the eudiometer is opened,
the column of mercury in the tube rises, and we shall
then find that only 25 volumes of gas remain, and this
turns out to be pure oxygen. - Thus we see that 100
volumes of hydrogen require exactly 50 volumes of oxygen
for their complete combustion. By a modification of this
experiment, it can be shown that the volume of the
gaseous water formed, occupies exactly 100 volumes ; or
2 volumes of hydrogen unite with 1 of oxygen to form
2 volumes of steam, hence the density of steam, or weight

6
142 9. The most striking method of

demonstrating the composition of water analytically is
by splitting it up into its constituent gases by means of a
current of voltaic electricity. For this purpose we fill a

of 1 volume is
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glass vessel (Fig. 10) with water acidulated with sulphuric
acid to enable it to conduct the electricity, and bring two
test tubes filled with water and inverted into this vessel
over two small platinum plates attached to wires of the
same metal passing through the caoutchouc stopper at
the bottom of the glass; on connecting these with the
terminals of a battery of three or four of Grove’s elements.

Fig. 10,

an evolution of gas from each plate is noticed, that dis-
engaged from the plate in connexion with the platicum
end of the battery 1s found to be pure oxygen, whilst that
coming off from the other plate, connected with the zinc
end of the battery, is pure hydrogen gas. If the two tubes
be graduated it will be seen that the volume of the hydrogen
is a very little more than double that of the oxygen, for
owing to the oxygen being rather more soluble in water
than hydrogen, we do not thus get quite the exact propor-
D .
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tions. In order to collect the detonating mixed gases
evolved by this electrolytic decom-
Position of water, an apparatus repre-
sented in Fig. 11 may be employed.
Oxygen being 16 times as Eeavy as
hydrogen, and these gases combining
to form water in the proportions by
volume of one volume of the former
to two of the latter, we now know
that the proportions by weight in
which these gases exist in water
Fig. 11 must be as 16 to 2. It is neverthe-
less most important that this calcu-
lation be verified by direct experiment. For this purpose,
use is made of the fact that copper oxide when heated alone
does not part with any of its oxygen, but when heated in
presence of hydrogen it parts with as much oxygen ‘s
will, by combining with the hydrogen, form water, being

Fig. 12

itself wholly or partly reduced to metallic copper. If,
therefore, we take a known weight of copper oxide, heat
it, and pass pure hydrogen over it until it has parted with
all its oxygen, and if we collect and weigh all the water
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thus formed, and likewise weigh the remaining metallic
copper, we shall have made a synthesis by weight of water.
For the loss in weight of the copper oxide is the weight
of oxygen which has combined with hydrogen to form
water ; and the difference between this weight and that
of the water formed, is the weight of the hydrogen thus
combined. The arrangement originally used for this de-
termination is represented in Fig. 12. The hydrogen is
purified from any trace of arsenic, sulphur, and moisture
which it may contain by passing through the U tubes,
containing absorbent substances, and placed in a freezing
mixture. Some only of these (A) are represented in the
figure. The tube B, containing a very hygroscopic sub-
stance, is weighed both before and after the experiment,
and if no increase occurs, the dryness of the gas is
ensured. The gas then comes in a perfectly pure state
into contact with the heated copper oxide contained in
the bulb C. This first bulb, which is accurately weighed,
is placed in connexion with a second bulb D, in which
the water formed by the reduction of the oxide collects ;
any moisture which may escape condensation in this
bulb is retained in weighed drying tubes, E and F, con-
taining fragments of pumice moistened with sulphuric
acid. Most careful experiments made according to this
method, carried out with many precautions which cannot
here be detailed, have shown that 88:89 parts of oxygen
by weight unite with 11°11 parts of hydrogen to form 100
parts of water.

Free oxygen and hydrogen combine together, when a
light is brought in contact with them, with so much
force that a violent and dangerous explosion occurs from
the sudden expansion caused by the great heat evolved in
combination. If we fill a strong soda-water bottle one-
third full with oxygen and two-thirds with hydrogen, and
then bring a flame to the mouth, the gases combine, pro-
ducing a sudden detonation like the report of a pistol.
Many fatal accidents have occurred to persons who have
carelessly experimented with large volumes of this explo-

D2
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sive mixture. In order to exhibit the great heat evolved
by the combination of the two gases the oxyhydrogen
blowpipe is employed ; in this arrangement the gases are
contained separately in two caoutchouc bags, being only
brought together at the point at which the combination is
desired, so that all danger of explosion is avoided. The
flame thus produced is very slightly luminous, but its
temperature is so high, that the most difficultly fusible
. metals, such as platinum, may be easily melted in it, whilst
iron wire held in the flame burns with beautiful scintil-
lations, forming an oxide of iron.

Water exists in nature in three forms: in the solid
form as ice, in the liquid state as water, and in the gaseous
form as steam. At all temperatures between o° and 100°
C. it takes the liquid form, and above 100° it entirely
assumes the gaseous form (under the ordinary atmospheric

ressure ‘'of 76omm.). The melting point of ice is always
ound to be a constant temperature, and hence it is taken
as the zero of the Centigrade scale ; water may, however,
under certain conditions, be cooled below o° C. without
becoming solid ; still ice can never exist at a temperature
above 0° C. In passing from the solid to the liquid state
water becomes reduced in volume, and on freezing, a
sudden expansion (from 1 volume to 1°099) takes place.
That this expansion exerts an almost irresistible force is
well illustrated by the splitting of rocks during the winter.
Water penetrates into the cracks and crevices of the rocks,
and on freezing widens these openings; this process being
repeated over and over again, the rock is ultimately split
into fragments. Hollow balls of thick cast-iron can thus
easily be split in two by filling them with water and
closing by a tightly-fitting screw, and then exposing them
to a temperature below o° C. .

In the passage from solid ice to liquid water, we not
only observe this alteration in bulk, but we notice that
a very remarkable absorption, or disappearance of heat,
occurs. This is rendered plain by the following simple
experiment : —Let us take a kilogramme of water at
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the temperature o°, and another kilogramme of water
at 79°; if we mix these, the temperature of the mixture
will be the mean, or 39™5; if, however, we take 1 kilo-
gramme of ice at o° and mix it with a kilogramme of
water at 79° we shall find that the whole of the ice
is melted, but that the temperature of the resulting
2 kilogrammes of water is exactly 0°; in other words,
the whole of the heat contained in the hot water has
just sufficed to melt the ice, but has not raised the tem-
perature of the water thus produced. Hence we see
that in passing from the. solid to the liquid state a given
weight of water takes up or renders latent just so much
heat as would suffice to raise the temperature of the same
weight of water through 79° C. ; the Jatent heat of water
is therefore said to be 79 #kermal units—a thermal unit
meaning the amount of heat required to raise a unit of
weight of water through 1°C.” When water freezes, or
becomes solid, this amount of heat which is necessary to
keep the water in the liquid form, and is therefore well
termed the /eat of liguidity, is evolved, or rendered sen-
sible. A similar disappearance of heat on passing from
the solid to the liquid state, and a similar evolution of
heat on passing from the liquid to the solid form, occurs
with all substances ; the amount of heat thus rendered
latent or evolved varies, however, with the substance. A
simple means of showing that heat is evolved on solidifi-
cation consists in obtaining a saturated hot solution of
Glauber’s salt (sodium sulphate), and allowing it to cool.
Whilst it remains undisturbed, it retains the liquid form,
but if agitated, it at once begins to crystallize, and in a
few moments becomes a solid mass. If now a delicate
thermometer be plunged into the salt while solidifying, a
sudden rise of temperature will be noticed. Similarly
water at rest may be cooled down below o° C. without
solidifying, but if agitated, it at once solidifies, and the
temperature of the whole mass instantly rises to o° C.
When water is keated from o° to 4° it is found to con-
ract, thus forming a striking exception to thc general law,
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that bodies expand when heated and contract on cooling;
on cooling from 4° to o° it expands again: above 4° how-
ever, it follows this ordinary law, expanding when heated,
and contracting when cooled. This peculiarity in the
expansion and contraction of water may be expressed by
saying that 2ke point of maximum density of water is 4° C;
that is, a given bulk of water will at this temperature
weigh more than at any other. Although the amount
of contraction on heating from o° to 4° is but small
(1 volume of water at 4° becoming 14-0'00012 at 0°), it yet
exerts a most important influence upon the economy of
nature, If it were not for this apparently unimportant
property, our climate would be perfectly arctic,and Europe
would in all probability be as uninhabitable as Melvillé
Island. In order better to understand what the state of
things would be if water obeyed the ordinary laws of ex-
pansion by heat, we may perform the following experiment.
Take a jar containing water at a temperature above 4°,
place a thermometer at the top and another at the bottom
of the liquid. Now bring the jar into a place where the
temperature is below the freezing point, and observe the
temperature at the top and bottom of the liquid as it
cools, It will be seen that at first the upper thermometer
always indicates a higher temperature than the lower one;
after a short time both thermometers mark 4°; and as
the water cools still further, it will be seen that the ther-
mometer at the top always indicates a lower temperature
than that shown by the one at the bottom: hence we
conclude that water above or below 4° is lighter than
water at 4°. This cooling goes on till the temperature of
the top layer of water sinks to o°, after which a crust of
ice is formed ; but if the mass of the water be sufficiently
large, the temperature of the water at the bottom is never
reduced below 4°. In nature precisely the same phe-
nomenon occurs in the freezing of lakes and rivers ; * the
surface-water is gradually cooled by cold winds, and thus

* The point of maximum density of sea-water is considerably lower than
that of fresh, and is in fact below o* C.
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becoming heavier, sinks, whilst lighter and warmer water
rises to supply its place: this goes on till the temperature
of the whole mass is reduced to 4°, after which the surface-
water never sinks, however much it be cooled, as it is
always lighter than the deeper water at 4°. Hence ice is
formed only at the top, the mass of water retaining the
temperature of 4°. Had water become heavier as it cooled
down to the freezing point, a continual circulation would
be kept up until the whole mass was cooled to o°, when
solidification of the whole would ensue. Thus our lakes and
rivers would be converted into solid masses of ice, which
the summer’s warmth would be quite insufficient to melt
thoroughly; hence the climate of our now temperate zone
might approach in severity that of the aretic regions. Sea-
water does not freeze ez masse, owing to the great depth
of the ocean, which prevents the whole from ever being
cooled down to the freezing point; similarly, in England,
very deep lakes never freeze, as the temperature of the
whole mass never gets reduced to 4° C,

In passing from the liquid to the gaseous state, water
exhibits several interesting and important Bhenomena. In
the first place, when we heat water to 100° C. it begins to
boil, or enters into ebullition; that is, a rapid disengage-
ment of water-gas, or steam, from the lower or most heated
surface takes place : this is well seen when water is heated
in a glass globe over a gas flame. In this passage from
the liquid to the gaseous state, a large quantity of heat
becomes latent, the temperature of the steam given off
being the same as that of the boiling water, as, like all other
bodies, water requires more heat for its existence as a gas
than as a liquid. The amount of heat latent in steam is
roughly ascertained by the following experiment. Into
1 ki%og. of water at o°, steam from boiling water, having
the temperature of 100° is passed until the water boils : it
is then found that the whole weighs 1°187 kilogs. or
0187 kilogs. of water in the form o? steam at 100°, have
raised 1 kilog, of water from o° to 100°; or 1 kilog. of
steam at 100° would raise 5°36 kilogs. of ice-cold water
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through 100° or 536 kilogs. through 1°.  Hence the Jafent
keat of steam is said to be 536 thermal units.

Water, and even ice, constantly give off steam or aqueous
vapour at all temperatures, when exposed to the air ; thus
we know that if a glass of water be left in a room for some
days, the whole of the water will gradually evaporate.
This power of water to rise in vapour at all temperatures
is called the elastic jforce, or tension, of aqueous vapour ;
it may be measured, when a small quantity of water is
placed above the mercury in a barometer, by the depres-
sion which the tension of the vapour thus given off is
capable of exerting upon the mercurial column (as in
Fig. 7). If we gradually heat the drops of water thus
placed in the barometer, we shall notice that the column
of mercury gradually sinks, and when the water is heated
to the boiling point, the mercury in the barometer tube is
found to stand at the same level as that in the trough, show-
ing that the elastic force of the vapour at that temperature
is equal to the atmospheric pressure. Hence water boils
when the lension of its vapour is equal to the superin-
cumbent atmospheric pressure. On the tops of mountains,
where the atmospheric pressure is less than at the sea’s
level, water boils at a temperature below 100°: thus at
Quito, where the mean height of the barometer is 527 mm.,
the boiling point of water is go®1; that is, the tension of
aqueous vapour at 9o™1 is equal to the pressure exerted by
a column of mercury 527 mm. high. Founded on this prin-
ciple, an instrument has been constructed for determining
heights by noticing the temperatures at which water boils.
A simple experiment to illustrate this fact consists in
boiling water in a globular flask, into the neck of which a
stopcock is fitted : as soon as the air is expelled, the stop-
cock is closed, and the flask removed from the source of
heat ; the boiling then ceases; but on immersing the
flask in cold water, the ebullition recommences briskly,
owing to the reduction of the pressure consequent upon
the condensation of the steam; the tension of the vapour
at the temperature of the water in the flask being greater
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than the diminished pressure. All other liquids obey a
similar law respecting ebullition ; but as the tensions of
their vapours are very different, their boiling points.vary
considerably.

When steam is heated alone, it expands according to
the law previously given for permanent gases, but when
water is present, and the experiment is performed in a
closed vessel, the elastic force of the steam increases in a
far more rapid ratio than the increase of temperature.
The following table gives the tension.of aqueous vapour,
as determined by experiment, at different temperatures
measured on the air tll:ermometer.

Tension of the Vapour of Water.

'{mensi&;'n in
<. atmospheres,
Temperature m:il;leillixfle‘g-‘e;nof Temperature | t atmosph I
Centigrade. mercury. Centigrade. ;6; ;T.y‘of
—20° 0927 100° I
~10 2093 111’7 1’5
o 4°600 120'6 2
+5 . 6534 1278 | 25
Io 9'165 133°9 3
15 12699 144’0 - 4
20 17°391 159°2 6
30 31°548 170'8 8
" 40 54'006 130'3 10
50 91982 2130 20
60 148791 1884 12
70 233'093 195°5 14
8o 354280 201'9 16
90 525°450 207°7 18
100 760000 2130 20
v 2247 25

We now see why the barometric height must be noticed
in graduating a thermometer (Page 22); if the height
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differ from 760 mm. the temperature of the water boiling
under that pressure will not be quite 100° C. A metal
vessel is here employed, because it is found that water
does not always boil at 100° in glass vessels, even though
the atmospheric pressure be 760 mm. owing to some
molecular action analogous to cohesion between the glass
and water.

Water and ice, when seen in large masses, are found to
possess a blue colour; this is well seen in the glaciers
and lakes of Switzerland. In order to obtain pure water
the chemist is obliged to dés#z# river or spring-water (that
is, to boil the water and collect the water formed by the
condensation of the steam thus produced), as all such
water contains more or less solid matter tn solution
derived from the surface of the earth over which the
water flows ; this dissolved sdlid matter is left behind on
boiling off the water. Solid matter in suspension can be
got rid of by the simpler process of jfi/¢ration through
paper, sand, &c. An arrangement for distillation used
in laboratories is seen in Fig. 13. Rain-water is the

Fig. 13
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purest form of water occurring in nature, but even this
contains impurities derived from the dust, &c. in the air,
and no sooner does it touch the earth’s surface than it
dissolves some of the materials ‘with which it comes in
contact, and according to the nature of the ground over
which it passes becomes more or less impure. All fresh-
water on the earth’s surface has been derived from the
ocean by a vast process of distillation, having been de-
posited in the form of rain or snow from the atmosphere.

Water is the most general solvent for chemical sub-
stances with which we are acquainted. Most salts are
soluble to a greater or less extent in water, and are depo-
sited again in crystals when the water is evaporated ; we
are unacquainted with any simple general law regulating
the quantities of solids taken up by water ; in most cases
the solubility is greater in hot than in cold water. Water
is also contained in tbe solid state in combination as
water of crystallization in many salts; when this water
is driven off by heat, the crystal falls to powder. Gases
also dissolve in water in quantities varying with the nature
of the gas, the temperature, and the pressure to which the
gas is subjected. It is solely in consequence of the pre-
sence of oxygen derived from the air dissolved in the water
of lakes, rivers, and seas, that fish are enabled to keep
up their respiration; as the water passes through their
gills the oxygen is taken up to purify their blood.

Hydric Peroxide, Hy Oy This is a substance which
does not occur in nature, but is artificially prepared by
acting on barium peroxide Ba O, with hydrochloric acid
H, Cl,; an exchange takes la.ce%etwcen the barium gnd
hydrogen, giving rise to hydric peroxide and barium
c));loride. Thus

. Ba | O,
Cl, | Hy
It has received the name of oxygenated water, as it
easily decomposes into oxygen and water: it is found to
contain twice as much oxygen as water does, consisting
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of 3 parts by weight of hydrogen combined with 32 of
oxygen ; hence, if we represent water by the symbol
H,0, hydric peroxide will be written Hy O,

’Hydric peroxide acts as a powerful bleaching agent,
owing to the ease with which it parts with half its
oxygen, thus oxidizing the colouring matters; but owing
to the difficulty attending its preparation, it has not been
applied to this purpose on a large scale.

In addition to water and hydric peroxide, we are ac
quainted with no compounds of oxygen and hydrogen.

LESSON V.

NITROGEN. Symbol N. Combining Proportion 14.
Density 14.

NITROGEN exists in the free state in the air, of which it
constitutes four-fifths by bulk ; it occurs combined,in the
bodies of plants and animals in various chemical com-
pounds, such as nitre, whence the gas derives its name
(generator of nitre). It is best obtained from the air by
taking away the oxygen with which it is mixed ; for this
purpose we may burn a piece of phosphorus in a bell-jar
filled with air, the mouth of which is placed in a vessel
full of water. White fumes of a compound of phosphorus
and oxygen, phosphoric pentoxide, at first fill the jar, but
these soon subside and dissolve in the water, leaving the
nitrogen in a nearly pure state. One-fifth of the original
volume of the air, consisting of oxygen, will have dis-
appeared. Nitrogen may also be prepared by passing air
over red-hot metallic copper, which combines with the
oxygen forming a solid compound, and leaving the gaseous
nitrogen in a pure state. Nitrogen is also formed when a
current of chlorine is passed through an excess of a
solution of ammonia ; nitrogen gas is evolved, and sal-
ammoniac remains behind in solution. ' If the chlorine
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be present in excess, a most dangerous and explosive com-
pound is formed. Nitrogen is a colourless and tasteless in-
odorous gas slightly lighter than air (specific gravity 0'972,
air being 1-0). It does not combine readily with bodies,
and is a very inert substance, neither supporting com-
bustion nor animal life, nor burning itself : it has, however,
no poisonous properties, and animals plunged into a jar of
this gas die simply of suffocation from the want of oxygen.
Nitrogen can be made to unite with both oxygen and
hydrogen ; when combined with the latter it forms a
powerful alkaline base, ammonia, and united with both
elements it forms a strong acid, n#tric acid.

The Atmosphere.

The Atmosphere is the gaseous envelope encircling the
earth ; and it constitutes the ocean of air at the bottom of
which we live. We become aware of the existence of the
air when we move rapidly, and experience the resistance
offered to the passage of our bodies, and also when the
air is in motion giving rise to a wind. We notice the

ressure of the atmosphere if we withdraw the air from
geneath the hand by a powerful airpump, for we then find
that the hand is pressed down with a force equal to
1'033 kilogs. on a square centimetre, or nearly 15 lbs. on
every square inch. The total atmospheric pressure which
the human body has to support hence amounts to several
tons, but this pressure is not felt under ordinary circum-
stances, because the pressure is exerted equally in every
direction. The instrument used for measuring the pres-
sure of the air is termed a Barometer (see Fig. 7, p. 26),
and the average pressure at the sea level is equal to that
exerted by a column of mercury 760 mm. high. The air
being elastic and having weight, it is clear that the lower
layers of air must be more compressed than those above
them, and hence the density of the air must vary at dif-
ferent heights above the sea level. The density of the air
being thus dependent on the pressure to which it is sub-
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jected, the higher strata of air become extremely rarified,
and it is hence difficult to say exactly whereabouts the
air ceases, but it appears that the limit of the atmosphere
is about 45 miles from the level of the sea. If the whole
atmosphere were of the same density throughout as it is
at the earth’s surface, it would only reach to a height of a
little less than 5 miles above the sea level. The weight of
one litre of dry air at o° and under 760 mm. of pressure is
12932 grammes.

Respecting the chemical composition of the atmosphere
we have to remark, in the first place, that the air is a
mixture, and not a chemical compound of its constituent
gases, although, as we shall see, these occur throughout
the atmosphere in almost unvarying proportions. The
grounds for coming to this conclusion are, first, that if'we
bring oxygen and nitrogen together in the proportions in
which they are found in air, no elevation of temperature
or alteration in bulk occurs (as is invariably the case when
gases combine), and yet the mixture acts in every way
like air ; secondly, that the relative quantities of the two
gases present are, not those of their combining weights,
nor of any simple multiples of these weights, and that
although in general the proportions of the two gases are
constant, yet instances not unfrequently occur in which
this ratio is different from the ordinary one. The most
convincing proof, however, that air is not a chemical
compound, is derived from .an experiment upon the solu-
bility of air in water: when air is shaken up with a small
quantity of water, some of the air is dissolved by the water ;
this dissolved air is easily expelled again from the water
by boiling, and on analysis this expelled air is found to
consist of oxygen and nitrogen in the relative proportions
of 1 and 1-87. Had the air been a chemical compound,
it would be impossible to decompose it by simply shaking
it up with water; the compound would then have dissolved
as a whole, and on examination of the air expelled by
boiling, it would have been found to consist of oxygen
and nitrogen in the same proportions as in the original
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air, viz. as 1 to 4. This experiment shows, therefore, that
the air is only a mixture, a larger proportion of oxygen
being dissolved than corresponds to that contained in
the atmosphere, owing to this gas being more soluble
in water than nitrogen. )

There are many ways of determining the amounts of
oxygen and nitrogen contained in the air, the best of
these being by the ewdiometer,;* by means of which the
composition by volume is ascertained. For this pur-
pose the same arrangement is employed as that used
in the eudiometric synthesis of water. (Fig. 14.) A

(BRI DTT R

e CaC

Fig. 4.

?uan_tity of air sufficient to fill the tube about one-sixth
ull is introduced into the eudiometer previously filled

* From efdior, good, and péroov, a ta of the good o
nealthiness of the air, that is, of the quantity of oxygen which it contains.
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with mercury ; the volume of this air is then accurately
ascertained by reading off with a telescope the number
of the millimetre divisions on the tube to which the mer-
cury reaches, whilst the height of the column of mercury
in the tube above the trough, together with that of the
barometer, and the temperature of the air, are also read
off. Such a quantity of pure hydrogen gas is now added
as is more than sufficient to combine with all the oxygen
present; and the volume of this gas, and the pressure
exerted upon it, are then determined as before. An
electric spark is now passed through the mixture, care
having been taken to prevent any escape of gas by pressing
the open end of the eudiometer against a sheet of caout-
chouc under the mercury in the trough. After the ex-
plosion the volume is again determined as before, and is
found to be less than that before the explosion, the whole
of the oxygen and part of the hydrogen having combined
to form water ; the diminution, therefore, represents exactly
the volumes of these gases which have united. We
know, however, from our previous experiments upon the
composition of water, that 2 vols. of hydrogen always
unite with 1 vol. of oxygen to form water; hence one-
third of the diminution in volume must represent the
oxygen which has disappeared, and, therefore, the volume
of oxygen contained in the air taken. An example may
make this clearer. Suppose the volume of air taken
amounted to 100 vols. and that after the addition of
hydrogen the volume of the mixture was 150 vols. ; after
the explosion 87 vols. were found to remain, that is,

63 vols. had disappeared ; then 63 _ 21 will be the volume

of oxygen contained in 100 vols, of air.

Analyses of air collected in various parts of the globe
thus made with the greatest care have shown that the
relative quantities of oxygen and nitrogen remain the
same, or very nearly the same, from whatever region the
air may have been taken. So that whether the air be
derived from the tropics, or the arctic seas, from the bottom
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of the deepest mine or from an elevation of 20,000 feet
above the earth’s surface, it contains from 20°9 to 21 vols.
of oxygen per cent.

When we know the composition of air by volume and the
relative densities of the two constituent gases (14 for nitro-
gen and 16 for oxygen), we can calculate its composition by
weight ; we thus find that in 100 grms. of air 2316 grms.
of oxygen are mixed with 7684 grms. of nitrogen. It is
important to control this calculation by experiment ; for
this purpose a large glass globe furnished with a stopcock
is rendered vacuous by the airpump and then weighed;
a tube of hard glass filled with copper turnings and also
" furnished with stopcocks is likewise weighed. This tube
is then heated to redness in a long tube-furnace, and con-
nected at one end with the empty flask, at the other with
a series of tubes filled with caustic potash and sulphuric
acid, for the purpose of completely freeing the air passing
through them from carbonic acid and aqueous vapour ;
the cocks are then slightly opened and air allowed to pass
slowly through the purifiers into the hot tube, where it is
completely deprived of oxygen by the hot metallic copper
which is thereby oxidized ; the nitrogen passes on alone
into the empty flask. After the experiment is concluded,
the cooled tube is again weighed, and the increase over
the former weighing gives the quantity of oxygen, whilst
the increase in weight of the %lobe gives the nitrogen.
The mean of a large number of experiments thus made
shows that 100 parts by weight of air contained 23 parts
by weight of oxygen and 77 of nitrogen.

In addition to the two above-mentioned gases, the air
contains several other important constituents, especially
carbonic acid gas, aqueous vapour, and ammonia gas.
We have already noticed (page 12) the important part
which the carbonic acid gas of the air plays in the phe-
nomena of vegetation, this gas being the source from which
plants obtain the carbon they need to form their tissues.
The quantity of carbonic acid present in the air is very
small compared with the quantities of oxygen and nitrogen,

E
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being only about 4 vols. to 10,000 of air; nevertheless
the absolute quantity of this gas contained in the whole
atmosphere is enormously large (viz. about 3,000 billion
kilogs. The quantity of carbonic acid contained in the
air can be found by drawing a known volume of perfectly
dry air (not less than 2o litres) through weighed tubes
containing caustic potash ; the increase in weight of the
tubes gives the weigbt of carbonic acid contained in the
air drawn through. Fig. 15 shows tne arrangement of

the apparatus; on the left is the aspirator, which by means
of the flow of a known volume of water from the top to
the bottom vessel causes the passage of an equal volume
of air through the tubes ; the two tubes farthest from the
aspiratar contain pumice-stone steeped in sulphuric acid,
and serve to dry the air completely before sing into
the next tube and potash bulbs, in which the carbonic
acid is absorbed by caustic potash : the tube nearest the
aspirator also contains sulphuric acid and pumice to avoid
"a loss of moisture from the potash solution in the bulbs.
The quantity of carbonic acid contained in the air in dif-
ferent localities and under different circumstances varies
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considerably—from 2 to more than 10 in 10,000 vols. of
air. In houses and closed inhabited spaces, the quantity
of carbonic acid present is often much larger, and the

object of ventilation is to reduce the quantity of carbonic

acid to as low a point as possible. Other methods for the

estimation of carbonic acid are described in the larger

manuals.

Aqueous vapour is contained in the air in quantities
varying in different localities and at different times, and
depending mainly upon the temperature of the air. Air
at a given temperature cannot contain more than a certain
quantity of moisture in solution, and when it has taken
up this maximum quantity, it is said to be saturated with
aqueous vapour. The higher the temperature of the air,
the more water can it retain as vapour, and when air
saturated with moisture is cooled, the water is deposited
in the liquid form in very small globules, forming a mist,
fog, or cloud. This is the cause of the fall of rain, snow,
and hail ; when warm air heavily laden with moisture
‘from the ocean passes into a higher and colder position,
or meets with a current of air of lower temperature, it
cannot any longer retain so much aqueous vapour, and a
large quantity assumes the liquid ?orm, falling as rain
when the temperature is above the freezing point, or
crystallizing as snow-flakes if the temperature be below
that point. Hail is caused by the congelation of raindrops
by passing through a stratum of air below the freezing
point. The quantity of rain thus deposited is very large :
I cubic metre of air saturated with moisture at 25° C
contains 22'5 grms. of water, and if the temperature of
this air be reduced to o° C, it will then be capable of
retaining only 5°4 grms. of water vapour; hence 17°1
grms. of water will be deposited as rain. The air in
England is often saturated with moisture, whilst the
driest air observed on the coast of the Red Sea during
a simoom contained only one-fifteenth of the saturating
quantity. Instruments for ascertaining the degree of
moisture or humidity of the air are termed Aygrometers.

* E2 .
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-The deposition of dew is caused by the rapid cooling of
the earth’s surface by radiation after sunset, and by the
consequent cooling of the air near the ground below thé
" temperature at which it begins to deposit moisture.

The amount of aqueous vapour contained in the air
at any time can be determined by the apparatus used for
the estimation of the carbonic acid, for the moisture must
be removed from the air before the carbonic acid can be
absorbed, and the increase in weight of the tubes filled
with pumice-stone moistened with sulphuric acid gives
the weight of aqueous vapour. In general the air contains
from 50 to 70 per cent. of the quantity necessary to saturate
it. If the quantity be not within these limits the air is
either unpleasantly dry or moist.

The next important constituent of the air is ammonia,
which is a compound of nitrogen and hydrogen, and only
exists in comparatively very minute quantities (about -1
part in 1,000,000 of air). Nevertheless it plays a very im-
portant part, as it is mainly from this ammonia that vege-
tables ogtain the nitrogen which they need to form their
‘seeds and fruit ; for it appears that plants have not the
power of assimilating the free nitrogen of the atmosphere.
Other substances which occur in the atmosphere in very
small quantities may be considered as accidental im-
. purities. Amongst them, volatile organic matter is the
most important, as probably influencing to a great extent
the healthiness of the special situation. We become
aware of the existence of such organic putrescent sub-
stances when entering a crowded room from the fresh
air ; and it is probable that the well-known unhealthiness
of marshy ang other districts is owing to the presence of
some organic impurity. At present, however, we possess
but little certain knowledge on this subject. Ozone is also
present in fresh air, but generally absent in the close air
of towns and dwelling-rooms, owing to its decomposition
by the organic matter, &c. in such air ; we do not know
how it is formed in nature, unless it be by the discharge
of atmospheric electricity.
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LESSON VI
Compounds of Nitrogen with Oxygen.

WE are acquainted with five distinct chemical compounds
of nitrogen with oxygen, viz. :

1 Nitrous Oxide, containing 23 parts by weight of N to 16 of O
2 ”

2 Nitric Oxide, » »” 32 —
3 Nitric Tri-oxide ,, 28 ” w48 —
4 Nitric Tetr-oxide ,, 28 »» »» 64 —
s Nitric Pent-oxide ,, 28 ”» »”» 8 —

It will be seen that the oxygen contained in these com-
pounds is in the proportion of the numbers, 1, 2, 3,4, 5, to
one and the same quantity of nitrogen ; and here, for the
first time, we meet with a striking example of the law of
chemical combination in multiple proportion. Thus, while
28 parts by weight of nitrogen combined with 16 parts of
oxygen, form 44 parts of nitrous oxide, we find that any
other compounds of these two elements contain some
simple multiple of 16 parts by weight of oxygen (thus,
either 2 X 16, 3 X 16, 4 X 16, or § X 16), and that no
compounds exist containing any intermediate quantity of
oxygen.

This law of multiple proportions was first enunciated
by Dalton, and is the expression of well-established ex-

erimental facts. Dalton endeavoured to explain these
acts by his celebrated AZmic Theory. He asked him-
self,"Why do the elements combine only in multiples of
their several combining proportions? and he answered
the question by the following supposition.

Matter is made up of smallindivisible portions, which he
called AZfoms (d privative, and répvw I cut). These atoms
do not all possess the same weights, but the relation
between their weights is represented by that of the com-
bining weights of the elements ; thus he supposed the
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atom of oxygen to be 16 times as heavy as the atom
of hydrogen, and the weights of the atoms of nitrogen and
oxygen as 14 to 16. Dalton further assumed that che-
mical combination consists in the approximation of the
individual atoms to one another ; and, having made these
assumptions, he was able to explain why compounds must
‘contain their constituents in the combining proportions, or
in multiples of them, and in no intermediate proportion.
Let us take, for example, the compounds of nitrogen and
oxygen ; the lowest of these consists of one single atom of
oxygen combined with 2 atoms of nitrogen, or with one
double atom of nitrogen, as it contains 16 parts of oxygen

to 28 of nitrogen; thus, @@CO/ ; and we therefore

write its formula, N,O, and call it nitrous oxide. The next
compound that can be formed must be produced by the
addition of another atom of oxygen to this; thus we get

20 Q o\sN, Oy, or nitric oxide. The next must be
formed by the attachment of another atom of oxygen, and

thus we get \o)@: N; O,, or nitric tri-oxide.
Thenextpossiblecompoundis @@*N,O‘
or nitrictetr-oxide ; and the next oe o o e °

=N, O;, or nitric_pent-oxide. We thus see that an
atom being indivisible, no intermediate compounds can
be formed. In considering this subject, we shall do
well to remember that the law of multiple proportions
being founded on_ experimental facts, stands as a fixed
bulwark of the science, which must ever remain true ;
whereas the Atomic Theory, by which we now explain

* If nitric oxide and nitric tetroxide be considered to be represented
respectively by the formula N, O, and N, O,, they will be exceptions to the
law mentioned on page 28, respecting the density of compound gases or
vapours, as instead of having their densities represented by the halves of their

combining proportions, they will have them represented by the quarters of
these numbers.
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this great law, may possibly in time give place to one
more perfectly suited to the explanation of new facts.

Nitrogen and oxygen do not readily combine together,
but under certain circumstances tbey are found to do so ;
thus, if a series of electric sparks are passed through a glass
vessel filled with dry air, the presence of red coloured
vapours, possessing a peculiar acrid smell, is soon noticed.
These consist of nitric tri-, and tetr-oxides, formed by the
union of the nitrogen and oxygen of the air. If an alkali,
such as potash, be present in the air through which the
sparks are passed,a new substance called nitre, or potassium
nitrate, is formed ; and from this an important compound,
called nitric acnd can be prepared. This substance is
formed when flashes of lightning pass through the air,
being carried down to the earth’s surface in the rain.
Nitric acid may be considered as a compound of nitric
pentoxide with water; and as all the other nitrogen oxides
can be prepared from it, we shall first consider its pro-
perties and mode of preparation.

Nitric Acid, ox Hydric Nitrate—Symbol H.NO, Com-
bining Weight 63. Nitre, or potassium nitrate, is generally
formed by the gradual oxidation of nitrogenous animal
matter in presence of the alkali potash. Spring. water,
especially the surface well-water of towns, frequently con-
tains nitrates in solution, owing to water passmg through
soil containing decomposing animal matters, which by
oxidation yield nitrates. For this reason, water containing
nitrates is unfit for drinking purposes. Potassium Nitrate,
K NO, (commonly called saltpetre) occurs as an incrusta-
tion on the soil in various localities, especially in India ; and
Sodium Nitrate, Na NO,, or Chili saltpetre, is found in large
beds on the coast of Chili and Peru.  Nitric acid, H NO,,
is the hydrogen salt, and hence is termed Hydnc nitrate :

it may be regarded as water, g} O, in which one atom of

hydrogen is replaced by the group NO,, thus, N}({) s 0;
it is obtained by heating nitre, K NO,, with sulphunc acid,
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or Dihydric sulphate, H, SO, ; when nitric acid, H NO,,
and hydric potassium sulphate, HK SO,, are formed. The ,
decompositions here effected may serve as the type of a
very large number of chemical changes classed as dowéble
decompositions. These may all be represented as consist-
ing in an exchange between two elements, or groups of
elements ; thus, in the case in question, one atom of the
hydrogen in the sulphuric acid changes place with one
atom or its eguivalent of potassium in the nitre. These
double decompositions may be represented in the form of
an equation, in which one side signifies the arrangement
and relative weights of the elements before combination,
the other the arrangement and relative weights of the same
elements after the chemical change has taken place, thus—

K NO, 4+ H,SO, = H NO, + HKSO*
or, Nitre and Sulphuric Acid give Nitric Acid and Hydric Potassium Sulphate.

The relative wcights of the elements and compounds
entering into the decomposition is easily ascertained when
we remember that each symbol expresses not merely the
nature of the element, but also the relative weight with
which it combines, and that the combining weight of a
compound is the sum of the combining weights of its con-
stituents. The numbers expressed by the above equation
are

K N O;+H, S O,=H N O,+4H K SO,

301+ 14 + 48 + 2432464 =1+ 14+ 48 4+ x4+39'1+32+64

101°1 + 98 = 63 + 1361

We may exgress these double decompositions perhaps
more clearly by representing by a curved line the actual
exchange of hydrogen for potassium, thus—

HVH SO,
KINO,

wi:h}:he sign + placed between two symbols sigmifies “and ” or * together



vL] NITRIC ACID. - 57

or by a straight line, thus— .
H | H SO,
NO;| K

This signifies that if we require 63 parts by weight of
nitric acid, we shall require to take exactly 101°'1 parts of
nitre and 98 parts of sulphuric acid, and that we ‘shall
have 1361 parts of hydric potassium sulphate formed.
Knowing these numbers, it is easy to calculate the pro-
portions of ingredients needed to produce any given
quantity of nitric acid.

Nitric acid is prepared on a small scale by placing equal
weights of nitre and sulphuric acid in a stoppered retort,
which is gradually heated by a Bunsen’s burner, as in
Fig. 16 : the nitric acid formed distils over, and may be

Fig. 16.

collected in a flask cooled with water. On a large scale
this substance is prepared in iron cylinders, into which
the charges of nitre and acid are brought, the nitric acid
being collected in large stoneware bottles.
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Nitric acid thus obtained is represented by the for-
mula H NOy;; it is a strongly fuming liquid, colourless
when pure, but usually slightly yellow from the presence
of lower oxides of nitrogen. Its specific gravity is 1°51 at
18°; it does not possess a constant boiling point, as it gra-
dually undergoes decomposition by boiling and becomes
weaker : if mixed with water, and distilled under the ordi-
nary atmospheric pressure, the residual acid is found at
last to attain a fixed composition, boiling constantly at
120°5, containing 68 per cent. of H NO;, and possessing a
specific gravity of 1°'414. When mixe&f with less water, a
stronger acid than this comes over ; when mixed with
more water, a weaker one distils over till this constant
composition is attained. Nitric acid contains 76 per cent.
of oxygen, with some of which it easily parts; hence it
acts as a strong oxidizing agent ; this is scen when we
bring a small ciuantity of copper or tin into this liquid
diluted with a little water; red fumes are immediately
given off, and the metals are oxidized; for the same
reason nitric acid bleaches indigo solution, oxidizing, and
therefore destroying, the colouring matter : this reaction,
and the formation of red fumes in presence of metallic
copper, &c. serve as modes of detecting the presence of
nitric acid. One of the most delicate tests for this acid
consists in adding to the liquid to be tested an equal
volume of strong sulphuric acid, well cooling the mixture,
and then carefully pouring on to its surface a solution of
ferrous sulphate, Fe SO,: a black ring is produced where
the two layers of liquid meet if any nitric acid be present.
Nitric acid forms, with metallic oxides, by the process of
double decomposition, a numerous family of salts called
nitrates : these are nearly all soluble in water, and many
of them are largely used in the arts for various purposes.
They will be mentioned under the several metals.

Na¥ric Pentoxide, or Nitric Anhydride—Symbol N, O,
'“II:IIg:} O. This oxide of nitrogen cannot be prepared
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directly from liquid nitric acid ; but if dry chlorine gas be
passed over silver nitrate, silver chloride is formed, oxygen
is given off, and a white crystalline substance produced,
which on analysis is found to be nitric pentoxide. The
decomposition is thus represented—
2AgNO,; + 2 CL=N,0; + 0 4+ 2 AgCL

Nitric Pentoxide melts at 4 30° and boils at 4 45°; it
very easily undergoes decomposition, and unites with
great energy with water, forming nitric acid N,O; 4 H,0
= 2NO,H : this may be represented as a double decom-
position, in which one atom of hydrogen changes place
with NO,, thus:—

NO, H __ NO. NO,

Noij 0+ Hjo ="grfo+ o

The fact that the composition of nitric pentoxide is
represented by the formula N,O4, may be ascertained ex-
perimentally by determining the quantity of nitrogen
contained in 100 parts of nitric pentoxide, which is first
converted into nitric acid by the aid of water as above, and
then into lead nitrate by treatment with lead oxide, thus:—

Pb, O 4 2 NOsH = Pb, 2NO, 4 H,0.

We thus find the nitrogen to weigh 25°93 parts, and
hence the oxygen 100-2593, or 7407 parts. We then
wish to know what is the simplest relation in which the
combining weights of nitrogen and oxygen are contained
in this compound; in other words, what is the ratio of the
number of atoms of nitrogen present to the number of
those of oxygen. This is ascertained by dividing the
above numbers by the respective combining weights of
these two elements ; thus—

2503
14

7407 _ .
d 6 = 463 :
hence the ratio of the number of atoms of nitrogen pre-
sent to the number of atoms of oxygen is that of the
numbers 1'852 to 4:6294, or that of 2 to 4'999. Hence we
conclude that the exact relation between the number .of

= 1852 an
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atoms of nitrogen and oxygen respectively is that of 2 to 5,
the slight difference which is noticed being due to the
unavoidable errors which accompany every experimental

" inquiry, and are, therefore, termed errors of experiment.
All the other oxides of nitrogen may be obtained from
nitric acid by depriving it of its hydrogen, and more or
less of its oxygen. :

LESSON VII.
Nitrous Oxide, or Laughing Gas.—Symbol N,y O, Com-
bining Weight 44, Density 22,is obtained by heating ammo-
nium nitrate, NH, NO; or NO‘, } O, in a flask such as that

used for the production of oxygen, and is best collected
over warm water (se¢ Fig. 17). The salt decomposes on

Fig. 17.

heating, into nitrous oxide and water : NH, NO,=N,O+
2H,0; or ammonium nitrate yields nitrous oxide and water.
Nitrous oxide is a colourless inodorous gas possessing a
slightly sweet taste ; it is somewhat soluble in cold water,
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one volume of water at o° dissolving 1°305 volumes of the
gas, whilst one volume of water at 24° dissolves only 0°608
volume. Nitrous oxide differs from all the gases which
we have previously considered, inasmuch as it liquefies
when exposed either to great pressure or to an intense
degree of cold. Thus, if it be brought under a pressure
of about-30 atmospheres at o° or if it be cooled down to
—88° under the ordinary pressure, it forms a colourless
liquid (in other words the tension of nitrous oxide vapour
or gasis 1 atmosphere at — 83° and 30 atmospheres at 0° C).
If this liquid be cooled below — 115° it solidifies to a trans-
parent mass. By the rapid evaporation of this liquid in
vacud, the lowest artificial temperature hitherto known has
been attained, viz. about — 140" C.

A glowing chip of wood when plunged into nitrous oxide
rekindles, and the wood continues to burn with a brighter
flame than in the air, whilst phosphorus on burning in
this gas evolves nearly as much light as in pure oxygen ; a
feeble flame of sulphur is, however, extinguished on bring-
ing it into this gas, but if burning strongly it also con-
tinues to burn brightly. This is owing to the fact that
the gas has to be decomposed into nitrogen (1 volume) and
-oxygen (% a volume) before bodies can burn in it; and to
effect this decomposition a tolerably high temperature is
necessary,—the same products of combustion are produced
as if the combustion went on in the air. When inhaled,

Fig :8.
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nitrous oxide produces a peculiar intoxicating effect on
the human frame ; hence the name Laughing gas. The
composition of nitrous oxide may be determined as fol-
lows: a bent tube (Fig. 18) is filled with the dry gas over
mercury up to a certain mark on the tube, a small pellet
of metallic potassium having been previously introduced
into the bent part of the tube; this is then heated by a
spirit lamp, or Bunsen’s burner, while the open end of the
tube is closed with the thumb under the mercury, to pre-
vent a loss of gas by sudden expansion caused by the
combustion. The potassium burns in the gas, uniting
with the oxygen to form solid potassium oxide, or potash,
whilst the nitrogen remains in the tube. On removing
the thumb and allowing the tube to cool, it will be seen
that the volume of nitrogen is exactly the same as the
volume of nitrous oxide taken ; hence this gas contains
its own volume of nitrogen. But we know by experiment
that'the weight of one volume of the gas is 22, so that if
we subtract from this the weight of one volume of nitrogen
(viz. 14) we shall obtain the weight of oxygen (8) contained
in one volume of nitrous oxide. Hence we see that two
volumes of nitrous oxide are composed of two volumes of
nitrogen and one volume of oxygen, or 44 parts by weight
of nitrous oxide contain 28 of nitrogen and 16 of oxygen.
The specific gravity of nitrous oxide (air = 1) is 1'527 :
1000 cbc. at o° and 760 mm. weigh 1°972 grm.

Nitric Oxide—Symbol NO ; Combining Proportion 30;
Density 15; a colourless gas obtained by acting upon
copper turnings with nitric acid thus :—3 Cu.4+-8 HNOy=
3 (Cu. 2NOg)+2NO+4-4 H,;0. Copper and nitric acid give
copper nitrate, nitric oxide, and water.

This substance has not been condensed to a liquid ; in
contact with oxygen it combines directly with this latter
gas, forming red fumes which are readily soluble in water,
and by this property it may be distinguished from all other
gases. Although nitric oxide contains half its volume of
oxygen, and more oxygen in proportion by weight than
nitrous oxide, it does not easily support combustion, as it
requires a high temperature for its decomposition ; thus,
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ignited phosphorus, unless burning very brightly, is ex-
tinguished on plunging it into nitric oxide gas.

The composition of this gas may be determined accord- -
ing to the method described under nitrous oxide; one
volume of nitric oxide yields 4 a volume of nitrogen ;
as the weight of one volume of nitric oxide is 15, the
weight of oxygen contained in one volume of this gas is
15—7 =8: o two volumes of nitric oxide weigh 30, and
are composed of one volume of nitrogen weighing 14,
and one of oxygen weighing 16. Hence, in accordance
with the law mentioned on p. 28 respecting the densities
of compound gases, the formula of nitric oxide should be
N O and not N, O,: the physical properties of the gas
likewise, compared with those of nitrous oxide, seem to
indicate that this latter has a more complicated consti-
tution ; thus nitric oxide has not as yet been seen in the
liquid form, does not condense to a liquid at temperatures:
and pressures at which nitrous oxide readily liquefies ;
nitric oxide is more difficultly decomposed by heat than
nitrous oxide, and therefore supports combustion less
easily ; and it is a general law that in a series of similar
bodies the more complicated be the constitution of one
member, the more readily does it condense to the liquid
form, and the more easily does it decompose.

The specific gravity of nitric oxide (air =1) is 1038,
and 1,000 cbc of this gas at o° and 760 mm. weigh
1°343 grm.

Nitric Trioxide, or Nitrous Ankhydyide—Symbol N, Og;
Combining Weight 76; Density 38. This substance 1s
prepared by mixing four volumes of dry nitric oxide with -
one volume of oxygen, and cooling the mixture to — 18°;
the two gases combine to form red fumes, which condense
to a volatile indigo-blue coloured liquid ; the same blue
_body is obtained by adding water to nitric tetroxide and
drying the distillate over calcium chloride. When mixed
with water nitric trioxide decomposes, nitric oxide and
nitric acid being formed, thus:

3N O3+ H,0=2HNO;4+4NO.
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As Nitric Pentoxide is connected with a series of salts
called NVitrates, by the fact that all these salts may be
represented as nitric pentoxide, in which one of the
groups NO, has been replaced by a metal, thus:

Nitric pentoxide Egz } O ; potassium nitrate Ng } 0;
. ) )

hydric nitrate N% } O; o

so also is nitric trioxide connectec?i with a parallel series
of salts called NVétrites,; thus:

Nitric trioxide 11518 } O ; potassium nitrite 131<0 } 0;
hydric nitrite (unknown) I\II-IO } Q.

As Hydric Nitrate is known by the name nitréc acid, so
Hydric Nitrite is referred to as nitrous acid ; it being a
generdl rule in chemical nomenclature that if the specific
name of an acid or hydrogen salt end in “ ous,” the names
of the corresponding metallic salts end in “ite ;” while if
the name of the acid end in “ ic,” the names of the corre-
sponding metallic salts end’ in “ate;” thus nitric acid
and potassium nitrate, nitrous acid and potassium nitrite,
are respectively analogous.

Potassium nitrite K NO, is obtained by heating nitre or
potassium nitrate KN O, when the third atom of oxygen is
evolved ; and also by passing N,0, into solutions of KHO.

Nitric Tetroxide, or Nitric Peroxide—Symbol NO,,
Combining Weight 46, Density 23. This substance forms
the greater part of the redish brown fumes evolved when
nitric oxide gas escapes into the air ; it is however best
prepared by heating lead nitrate in a hard glass retort ;
lead oxide, oxygen, and nitric tetroxide are produced by
the decomposition of the nitrate, thus:

2 (Pb 2 NO,) =2 PbO 4 4 NO, + O,.
Nitric peroxide NO, solidifies at —g° to long prisms ;
these on fusing yielcix a yellow liquid, boiling at 22%,
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Owing to the fact that the density of nitric tetroxide is 23,
its formula is considered to be NO; and not N; O,

Compounds of Nitrogen with Hydrogen.

But one is as yet known in the free state, viz. :

Ammonia—SymbolN H; Combining Weight 17, Density
8'5. Nitrogen and hydrogen do not readily unite when
brought together alone, but do so under certain circum-
stances, especially when water is evij)orated ; the nitrogen
of the air then combines with the elements of the water,
forming smallquantities of the compound ammonium nitrite

’;f,%; Thus Ny +2 H;0 = N, H, O, or NH,, NO,,
Ammonia is chiefly obtained from the decomposition of
animal or vegetable matter containing nitrogen and hy-
drogen, being formed either gradually at the ordinary
temperature, or 1uickly under the influence of heat: thus
when horns, or clippings of hides, or coal, is heated, am-
monia is given off; hence ammonia was known as spz»éts
of hartshorn. The name ammonia is derived from the fact
that a compound containing ammonia, called salammoniac,
was first prepared by the Arabs in the deserts of Libya,
near the temple of Jupiter Ammon, by heating camels’
dung. Guano, the dried excrement of sea birds, and the
urine of animals, likewise contain large quantities of
ammonia. Ammonia and its compounds are now, how-
ever, mainly obtained from the ammoniacal liquors of
the gasworks : coal contains about 2 per cent. of nitrogen,
which, when the coal is heated in close vessels, mostly
comes off in combination with the hydrogen of the coal
as ammonia. Ammonia may also be formed by the action
of nascent hydrogen on dilute nitric acid ; thus, when this
acid is placed in contact with metallic zinc or iron, am-
monia is formed, thus:

9HNOj; + 4Zn = 4 (Zn 2NO;) 4 3H,0 4 H,N.
Ammonia gas is bést prepared by heating in a glass flask
F



66 ELEMENTARY CHEMISTRY. [LESsoN

one part of salammoniac, or ammonia hydrochlorate, NH,
HCl or NH,Cl, and two parts of powdered quicklime, thus
Ca0 42 NH,; HCl = CaCl, + 2NH,+ H,0.

Quicklime and salammoniac, give calcium chloride, and
ammonia and water. Ammoniacal gas is colourless, and
possesses a most pungent and peculiar smell, by means of
which it can be readily recognised; it is lighter than air,
its specific gravity (air = 1) being o059, and it may be
collected by displacement, the neck of the bottle intended
to receive the gas being turned downwards, as in Fig. 19.

Fig. »g.

It may also be collected over mercury, but not over water,
as it is extremely soluble in this liquid, one gramme of
water at o° absorbing 0'877 grms., or 1149 times its volume
of ammonia, under a pressure of 760mm. ; whilst at 20°
the same weight of water absorbs 0°520 grm. or 681°8 times
its volume, under the same pressure. The solution of
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ammonia gas in water is the common Liquor Ammoniz of
the shops, which has a specific gravity of about 0'88o.
Ammonia gas, as well as the aqueous solution, possesses
a strong alkaline reaction, turning red vegetable colours
blue: it unites with the most powerful acids, forming
compounds called the Salts of Ammonia (seep.174), which
closely resemble the salts of the alkaline metals; hence
the name of the Volatile Alkali has been given to Ammonia.
The action of ammonia gas on nitric acid may be thus
" represented—

_ __NH
NH, + NO,H = NO;NH,; or NO;} 0.

Ammonia gas and nitric acid give ammonium nitrate.

On exposure to a pressure of seven atmospheres at the
ordinary temperature of the air (about 15° C), ammonia
condenses to a colourless liquid, boiling at — 38'5°; and
this liquid, if cooled below — 75°, freezes to a transparent
solid ; it has at o° the specific gravity 0'62. An elegant
application of the principle of the latent heat of vapours
has recently been made in the case of ammonia in M.

ig. 0.
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Carré's freezing machine, Fig. 20. This consists essen-

. tially of two strong iron vessels connected in a perfectly

air-tight manner by a bent pipe; one of these vessels
contains an aqueous solution of ammonia saturated with
the gas at o°. When it is desired to procure ice, the
vessel A containing the ammonia solution (which we will
term the retort) is gradually heated over a large gas
burner, the other vessel B (the receiver) being placed in a
bucket of cold water: in consequence of the increase of
temperature, the gas cannot remain dissolved in the water,
and passes into the receiver, where, as soon as the pressure
amounts to about 10atmospheres, it condenses in the liquid
form. When the greater part of the gas has thus been driven
out of the water, the apparatus is reversed, the retort (A)
being cooled in a current of cold water, whilst the liquid
it is desired to freeze is placed in the interior of the
receiver (B). A re-absorption of the ammonia by the water
now takes place, and a consequent evaporation of the
liquefied ammonia in the receiver; this evaporation is
accompanied by an absorption of heat which becomes
latent in the gas; hence the receiver is soon cooled far
below the freezing point, and ice is produced around it.

The composition of ammonia may be ascertained by
leading the gas through a red-hot tube, or passing a series
of electric sparks through the gas, when it will be decom-
posed into nitrogen and hydrogen, which will be found to
occupy together a volume twice as large as the ammonia
taken, and to be mixed together in the proportions of three
volumes of hydrogen to one volume of nitrogen. Hence
the formula NH; is given to the gas.

The Salts of Ammonia will be described together with
those of Potassium and Sodium (page174). The compound
ammonias will be noticed under Organic Chemistry.
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LESSON VIII.
CARBON. Symbol C. Combining Weight 12.

Carbon is the first solid element which we have to notice;

it is not known in the free state, either as a liquid or as a
. Carbon is remarkable as existing in three distinct
f:snns which, in outward appearance or physical proper-
ties, have nothing in common, whilst their chemical
relations are identical. These three allotr«?z'c forms of
carbon are (1) Diamond, (2) Graphite or Plumbago, (3)
Charcoal : these substances differ in hardness, colour,
specific gravity, &c., but they each yield, on combustion
in the air or oxygen, the same weight of the same sub
stance, Carbonic Acid, or carbon di-oxide ;* 12 parts by
weight of each of these forms of carbon yielding 44 parts
by weight of carbon di-oxide. Carbon is the element whicl
is specially characteristic of animal and vegetable life, as
every organized structure, from the simplest to the most
complicated, contains carbon: if carbon were not present
on the earth, no single vegetable or animal body such as
we now know could exist. In addition to the carbon which
is found free in these three forms, and that contained com-
bined with hydrogen and oxygen in the bodies of plants
and animals, it exists combined with oxygen as free car-
bonic di-oxide in the .air, and with calcium and oxygen as
calcium carbonate in limestone, chalk, marble, corals,
shells, &c. The fact has already been noticed that plants
are able, when exposed to sunlight, to decompose the car-
bonic di-oxide of the air, liberating the oxygen, and taking
the carbon for the formation of their vegetable structure,
whilst all animals living directly or indirectly upon vege-
tables absorb oxygen, and evolved carbonic di-oxide. Thus
the sun’s rays, through the medium of plants, effect deox-
has b‘:]et:?;i}l‘netdh:otlemn; ?oc;dfz?v.%:f:eeegsrpo:nh&s contain’i:l;’ Zoet h;'hdero;::nd.

such as carbon di-oxide, &c., that these bodies are universally known by the
names carbonic acid, &c.
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idation or reduction, while animals act as oxidizing agents
with respect to carbon.

The element carbon not only combines directly with
oxygen, but also with hydrogen,forming a compound called
Acetylene, C;H,.  Carbon forms with oxygen, hydrogen,
and nitrogen a series of more or less complicated com-
pounds very much more extended than the series formed
with these bodies by any other element; so that these
compounds are considered as a separate branch of the
science under the name of Organic Chemistry, or the
Chemistry of the Carbor Compounds. The properties
of the majority of these compounds will be examined in
a subsequent chapter, owing to their complexity ; hence
till then it will be better to postpone the consideration of
several of the properties of carbon.

The Diamond was first found to consist of pure carbon
by Lavoisier, in 1775-6, by burning it in oxygen, and col-
lecting the carbon di-oxide formed ; it occurs crystallized
in certain sedimefitary rocks and gravel in India (Gol-
conda), Borneo, and the Brazils. Diamond occurs crys-
tallized in forms (Fig. 21), derived by a symmetrical
geometric operation from a regular Octahedron, known as

Fig. s1.

belonging to the regular system of Crystallography (see
p156). The specific gravity of Diamond varies from 3°3 to
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3'5; it is the hardest of all known bodies, and when cut
possesses a brilliant lustre, and a high refractive power.
In addition to its employment as a gem, the diamond is
used for cutting and writing upon glass. We are alto-
gether unacquainted with the mode in which the diamond
has been formed; it cannot, however, have been produced
at a high temperature, because when heated strongly in
a medium incapable of acting chemically upon it, the
diamond swells up, and is converted into a black mass
resembling coke.

Graphite, or Plumbago, crystallizes in six-sided plates
which have no relation to the form in which the diamond
crystallizes. Graphite occurs in the oldest sedimentary
formations, and in granitic or primitive rocks : it is found
in Borrowdale in Cumberland, and in large quantities in
Siberia and Ceylon. It has a black metallic appearance
(whence the familiar name black lead), and leaves a mark
when drawn upon paper. The specific gravity of graphite
is 2'15 to 2'35. Coarse impure graphite may be purified
by heating the powder with sulphuric acid and potassium
chlorate ; a compound is thus obtained which, on being
heated strongly, decomposes, leaving pure graphite in a
bulky and finely-divided powder: this powder when
strongly compressed forms a coherent mass, from which

ncils and other articles can be made. Graphite is used

or polishing surfaces of iron-work, and also for giving a
protecting varnish to grains of gunpowder. Graphite is
produced in the manufacture of iron; it occasionally sepa-
rates from the molten pig-iron in the form of scales.

Charcoal is the third allotropic modification of carbon.
It is obtained in a more or less pure state whenever animal
or vegetable matter is heated to redness in a vessel nearly
closed ; the volatile matters (compounds of carbon, hydro-
gen, and oxygen) are thus driven off, and the residue of
the carbon, together with the ash or mineral portion of the
organism, remains behind.

The purest form of charcoal carbon is found in lamp-
black; it also oecurs as wood charcoal, coal, coke, and
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animal charcoal. This form of carbon does not crystal-
lize, and is hence termed amworphous carbon: it is much
lighter than either of the other two forms, the specific
gravity of powdered coke varying from 1°6 to 2'0. Char-
coal apfpears at first sight to be lighter than water, as a
piece of it floats on the surface of this liquid; this is, how-
ever, due to the porous nature of the charcoal, for if it be
finely powdered it sinks to the bottom of the water. This
porous nature of charcoal enables it to exert a remarkable
absorptive power, of which much use is made in the arts.
Charcoal is thus able to absorb about ninety times its
own volume of ammonia gas, and about nine volumes of
oxygen. In the process of sugar-refining, use is made
of the property of charcoal to absorb the colouring matters
present in the raw sugar : the kind of charcoal best suited
to this purpose is that obtained by heating bones in a
closed vessel. Charcoal is also used as a dis-infectant in
hospitals and dissecting rooms, &c. It appears that the
putrefactive gases when absorbed by the charcoal undergo
a gradual oxidation from contact with the oxygen of the
air taken up by the charcoal, and are thus rendered
harmless.

Coal is a form of carbon less pure than wood charcoal.
It consists of the remains of a vegetable world which
once flourished on the earth’s surface : the original woody .
fibre has undergone a remarkable transformation in pass-
ing into coal, having been subjected to a process similar,
in a chemical point of view, to that by which wood is
transformed into charcoal. It has not, however, lost the
whole of its hydrogen and oxygen, and it has at the same
time become bitumenized, so that for the most part all
the vegetable structure has disappeared. There are many
different kinds of coal, containing more or less of the
oxygen and hydrogen of the original wood: cannel coal
and boghead coal contain the most hydrogen, and anthra-
cite coal the least. The alteration in composition which
wood has undergone in passing into the various forms of
coal is seen from the following table :—
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Composition of Fuels (ash being deducted).

Percentage Composition.
Description of Fuel. -
Carbon. -| Hydrogen. anril(t)r:g;:n.

1 Woody Fibre . . .| 5265 5°25 42°'10
2 Peatfrom the Shannon | 6002 588 34’10
3 Lignite from Cologne .| 66'96 5°25 2776
4 Earthy Coal from Dax | 7420 5:89 19°90
5 Wigan Cannel . . .| 85381 58 | 834
6 Newcastle Hartley . .| 8842 561 5°97
7 Welsh Anthracite . .| 9405 338 2'57

Compounds of Carbon with Oxygen.

Carbon forms two compounds with oxygen, viz. :

Carbonic Oxide, or CO.
Carbonic Divxide, or C Oy

Carbonic Dioxide, or Carbonic Acid. Symbol C O,
Combining Weight 44, Densxty 22.

Carbenic dioxide is’ always formed when carbon is
burnt in excess of air or oxygen. It is best prepared by
acting upon marble, chalk, or other form of calcium car-
bonate, with hydrochloric acid. On pouring some of this
acid upon éneces of marble contained together with some
water in a flask, a rapid effervescence from the disengage-
ment of carbonic leXIde gas at once occurs, calcium
chloride being left behind in solution in the flask : the
decomposition is thus represented :

Ca CO4 4 2HCl = CO,; + H,0 + Ca Cl,.
Calcium carbonate and hydrochloric acid give carbonic
dioxide, water, and calcium chloride.
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Carbonic dioxide occurs free in the air, and in the water
of many mineral springs. The quantity of this gas present
in the air is nearly constant, and amounts to about 4
volumes per 10,000 of air ; this quantity, though relatively
small, is, taken altogether, very large, being about 3 bil-
lions of tons in weight, as can ‘be easily calculated if we
know the weight of the atmosphere and the density of
carbonic acid.

Owing to the evolution of carbonic dioxide in respira-
tion and in the burning of coal-gas, &c., this gas is always
found in larger quantities in dwelling-rooms than in the
open air. When the air of a room contains 0’10 per cent
of this gas it is certainly unfit for continued respiration,
not only on account of the deleterious effects produced
by carbonic dioxide, but also because, together with this
gas, volatile putrescible matters are given off from the
skin and lungs of animals, and these matters act in a pre-
judicial manner upon the health ; hence the necessity for
attention to the ventilation of dwelling-rooms and public
buildings. Carbonic dioxide gas is also given off in the
process of fermentation ; it occurs frequently at the bottom
of old wells, and forms the ckokedamp of the coal mines.
Compounds containing calcium and magnesium, &c., and °
bearing a peculiar relation to carbonic dioxide, such as

limestone or calcium carbonate, CCS } Og, magnesian lime-

stone, &c. occur plentifully in nature, sometimes forming
whole mountain chains. Calcium carbonate also consti-
tutes the main portion of coral, a substance of which
whole continents are being built up in the Pacific Ocean.

Carbonic dioxide gas is colourless and inodorous, but
possesses a slightly acid taste ; it is 1°529 times heavier
than air, and is tolerably soluble in water, one volume of
water at o° dissolving 1°797 volumes of this gas, whilst at
20° only o'go1 volumes is absorbed. The volume of this
gas absorbed by water at the same temperature is found to
remain the same, whatever the density of the gas may be,
—that is, howsoever the pressure may vary under which
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the gas is placed (the measurements of the volumes ab-
sorbed being made under these different pressures). As
the volumes occupied by any given quantity of gas mea-
sured under different pressures vary inversely as these
pressures, it is clear that the weights of gas thus absorbed
must be proportional to the pressures. The same relation
is found to hold good when many other gases are dis-
solved in water under varying pressures.

The aqueous solution of carbonic dioxide reddens blue
litmus paper, and when placed in contact with a metallic
oxide, such as calcium cxide or lime, CaQ, gives rise to
the formation of salts such as calcium carbonate : this
aqueous solution may be considered to contain a true

acid, the real carbonic acid, CHC‘f } O, (which, however, has

never yet been isolated), and the reaction which then
takes place may be thus represented :

C%z}o, + Ca0 = ch}o,+H,o.

Carbonic acid and calcium oxide give calcium carbo-
nate and water. The red colour produced by the acid on
litmus paper disappears on drying, owing to the decom-
position of this true carbonic acid into carbonic dioxide
and water, thus :

H .
cd‘} 0, = CO, 4+ H,0.

Carbonic dioxide can be condensed to a liquid by the ap-
plication of great pressure, or by cooling the gas to a very
low temperature : liquid carbonic dioxide is a colourless
and very mobile liquid, which is remarkable as being found
to expand by heat more than the gaseous form of the same
substance, 100 volumes of this liquid at o® becoming 106
volumes at 10°% while 100 volumes of the gas at 0° must be
heated to 16°4° before they expand to 106 volumes; hence
this body is an exception to the rule that liquids expand
by heat less than gases, and at the same time forming an
excellent illustration of the fact, that liquids expand pro-



76 ELEMENTARY CHEMISTRY. [LEssoN

portionally much more when submitted to a high pressure
than when under a low one ; thus, the expansion of water
above 100° is much greater than that below 100°. The
boiling point of carbonic dioxide is —78°. At a still
lower temperature it freezes to a colourless, ice-like solid.
At o° the tension of its vapour is 35°5 atmospheres ; and,
at 30°% 73'5 atmospheres. The liquefaction of carbonic
dioxide gas can be effected either by evolving the gasina
strong closed vessel, so that it is condensed by its own
pressure, or by pumping the gas by means of an ordinary
forcing syringe into a strong wrought-iron receiver, kept
during the process at a temperature of 0°. As soon as the
volume of ias pumped in amounts to about 36 times the
volume of the receiver, each stroke of the syringe produces
a condensation of the gas which is pumped in, and thus
the receiver can easily %e filled with liquid. If the stop-
cock be then opened so that the liquid is forced out, a
portion at once assumes the gaseous state ; and so much
heat is absorbed by this sudden transition from the liquid
to the gaseous form, that a portion of the liquid is solidi-
fied and deposited in the form of white, snow-like flakes,
which can be collected by allowing the stream of liquid to
flow into a thin brass box, with perforated sides. Solid
carbonic dioxide thus obtained, is a light, snow-like sub-
stance, which, owing to the bad conducting power for
heat of the gas which the solid substance is constantly
giving off, may be handled without damage, although its
temperature is below — 78° C. If, however, the solid be
forcibly pressed between the fingers, so that the substance
really comes in contact with the skin, a sharp pain will
be felt, and a blister like one produced by touching a hot
iron will be produced. This solid carbonic dioxide is
much used for the production of very low temperatures;
for this purpose it is mixed with ether, and the mixture
brought into the vacuum of the air-pump, whereby a tem-'
perature as low as —100° C can be obtained, and large
quantities of mercury may easily be frozen.” Carbonic
dioxide gas does not support the combustion of bodies
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in general, such as wood, sulphur or phosphorus; but
certain metals — for instance,
gotassium and magnesium—

eated in the gas, are able to
decompose it, burning in it, and
uniting with the oxygen to form
oxides, while the carbon is libe-
rated.

The composition of carbonic
dioxide may be ascertained with
great exactness by burning a
known weight of pure carbon,
such as the diamond,ina current
of pure oxygen gas, and weigh-
ing the carbonic dioxide pro-
duced. The apparatus for this
synthesis of this gas is repre-
sented in Fig. 22. The weighed
quantity of diamond placed in a
small platinum boat, is pushed
into the porcelain tube, which
can. be strongly heated in the
furnace. One end of this tube
is connected with a gasholder
and drying tubes, A, B, C, by
means of which pure and dry
oxygen gas is supplied. The
other end is connected, as is
seen, with a number of tubes,
and bulbs destined to absorb
the carbonic dioxide formed by
the combustion ; the tube D
and the bulbs E contain solu-
tion of caustic potash, and the
other tubes F are filled with
pumice-stoneand sulphuric acid.
The bulbs and tubes are care-
fully weighed, and then the apparatus is filled with pure

Fig. 22.
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oxygen, and the tube slowly brought to a red heat. The
gas passes gradually through thz system of tubes, and
carries along with it the carbonic dioxide formed by the
combustion of the diamond : this gas is wholly absorbed
by the potash in the tube and bulbs, whilst any moisture
which might be given off from the bulbs is taken up
by the tubes F. The oxygen gas is dried as it enters and
also as it leaves the apparatus; so that the gain in
weight which the tubes have experienced gives exactly
the weight of carbonic dioxide formed by the combustion
of the carbon of the diamond. Usually the diamond con-
tains a small quantity of ash, or inorganic matter, and this
weight must be subtracted from the original weight of the
diamond, in order that we may know the exact weight of
pure carbon burnt : for this reason the diamond is placed
in a platinum boat, which can be withdrawn and weighed
after the experiment,and thus the amount of ash determined.
Another precaution that must be taken is, to fill the greater
part of the red-hot tube with porous copper oxide, in case
any trace of carbonic oxide gas (C O) should be formed by
the incomplete combustion of the carbon ; this gas would
Eass unabsorbed through the potash if not oxidized to car-
onic dioxide by the copper oxide. In this way it has been
shown that 100 parts of carbonic dioxide consist of

Carbon . . . . 2727
Oxygen . . . . 7273
Carbonic dioxide . 10000

- e

If we divide 2727 by the combining weight of carbon
and 72773 by that of oxygen, we have "’7%7. = 2273 and

.7;‘%7} == 4°545 ; or, the relation between the number of

atoms of carbon and that of those of oxygen is that of
1 to 2; hence the formula of carbonic dioxide is CO,.
Hence the gas should contain its own volume of oxygen ;
for 44 parts by weight of carbonic dioxide occupying a
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volume equal to that occupied by 2 parts by weight of
hydrogen, contain 32 Farts by weight of oxygen, which
likewise occupy a volume equal to that of 2 parts of
hydrogen. That this is the case can be experimentally
proved by burning charcoal in a known volume of oxygen
1n excess, when it is observed that when the gas has cooled
after the combustion, no alteration in its volume has
occurred : hence the volume of carbonic dioxide formed
must be precisely equal to that of the oxygen used in its
formation. '

LESSON IX.

CARBONIC OXIDE. Symbol CO. Combining Weight 28.
Density 14.

" When carbon burns with a limited supply of oxygen,
carbonic oxide is formed. The production of this gas in
an ordinary red-hot coal-fire is often observed ; oxygen of
the air, which enters at the bottom of the grate, combines
with the carbon of the coal, forming carbonic dioxide ; this
substance then passing upwards over the red-hot coals,
parts with half its oxygen to the red-hot carbon ; thus :—

: CO, + C=12CO.

This carbonic oxide on coming out at the top of the
fire meets with atmospheric oxygen, with which it at once
combines, burning with a lambent blue flame, and re-
forming carbonic dioxide. Carbonic oxide gas in the
pure state can be prepared by passing a slow current of
carbonic dioxide over pieces of charcoal heated to red-
ness in a tube by means of a furnace, as represented in
Fig. 23: it may likewise be obtained in the pure state
from several compounds of carbon. Thus, if crystallized
oxalic acid be heated with strong sulphuric acid, a mixture
of equal volumes of carbonic oxide and carbonic dioxide
gases is evolved ; this latter can be easily separated from
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Yig. 23.

the former by shaking the mixed gas up with caustic soda
solution, when sodium carbonate will be formed, half the
volume of the gas will disappear, and the remainder will
be found to be pure carbonic oxide. This decompo-
sition of oxalic acid results from the fact that sulphuric
acid has a strong tendency to abstract water, or the
elements of water, from the bodies with which it comes
into contact ; thus the oxalic acid, which may be repre-
sented as C, H, O, (se¢ p.302), being deprived of the
elements of one molecule of water, which are taken up
by the sulphuric acid, yields a compound, C, Og, which can-
x&cg exist alone, and immediately splits up into CO; and

Carbonic oxide can also be prepared by heating Formic
acid, C H, O, (sez p.284) with sulphuric acid: here, as
with oxalic acid, the elements of water are removed, and
ure 'CO is thus evolved. Carbonic oxide is a colour-
ess, tasteless gas, which has not been condensed to a
liquid ; it is a little lighter than air, its specific gravity being
0969 (air =1): it is but very slightly soluble in water.
It acts as a strong poison, producing death when inhaled
even in very small quantities, the fatal effects often ob-
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served of the fumes from burning charcoal, or from lime-
kilns, being due to the presence of carbonic oxide, When
heated in contact with oxygen, carbonic oxide takes fire,
burning with a characteristic lambent blue flame and
forming carbonic dioxide. In contact with caustic potash
at a high temperature, carbonic oxide produces potassium
formate thus: -

K§o+co=cm<o,,

Caustic potash and carbonic oxide give potassium
formate.

The composition of this gas can be ascertained by
combustion in the Eudiometer with oxygen., 100 volumes
of carbonic oxide and 75 volumes of oxygen yield on

assing the electric spark 125 volumes, of which 100 are
R)und to be absorbed by caustic potash, and hence are
carbonic dioxide, the remaining 25 volumes being un-
altered oxygen. Hence the volume of carbonic dioxide
produced is equal to that of the carbonic oxide taken,
whilst the volume of oxygen needed is half as large. But
as carbonic dioxide contains its own volume of oxygen,
carbonic oxide must contain half its volume of oxygen ;
or two volumes of this gas weighing 28 contain one volume
of oxygen weighing 16, and hence 12 parts of carbon by
weight : therefore its formula is CO.

Compounds of Carbon with Hydrogen.

These compounds are very numerous ; they are known
in the gaseous liquid and solid forms. The most im-
portant and numerous part of these will be considered
under Organic Chemistry ; we have only now to speak
of two, viz. :

Light carburetted hydrogen, CH,,

Heavy carburetted hydrogen, C,I‘—I‘.

Methyl Hydride, L:ght Carburetted Hydro%n, or Marsh
gas. Symbol CH,; Combining Weight 16, Density 8.
Thisis a colouriess, tasteless, inodorous gas, which has
- G
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not been condensed to a liquid. It is found in coal mines,
and known under the name of firedamp, it also occurs
in stagnant pools, being produced by the decomposition
of dead leaves, whence the name marsh gas ; it is one of
the constituents of coal gas, &c. and is evolved in many
volcanic districts. Marsh gas may also be artificially pre-
pared by heating sodium acetate (see p. 288) with caustic
soda, thus: - N
Na H

c,H,o} O+nNa } o_ng} 0:+ cy,

Sodium acetate and caustic soda give sodium carbonate
and marsh gas.

Marsh gas burns with a blueish-yellow non-luminous
flame, forming carbonic dioxide and water ; with a limited
supply of air it yields several products, amongst which is
acetylene, C,Hy.  If mixed with ten times its volume of
air, and twice its volume of oxygen, it ignites with a
sudden and violent explosion on the application of a
light, and hence the great damage produced by the escape
of this gas in coal mines. The composition of marsh gas
is ascertained by exploding it with oxygen in the eudio-
meter ; I volume of this gas and 3 volumes of oxygen
yield 2 volumes after passage of the spark. On absorbing
by potash the carbonic dioxide produced, 1 volume of
oxygen is found to remain. Hence of the 2 volumes of
oxygen needed to burn the 1 volume of marsh gas, 1 has
gone to unite with the carbon, and 1 to form water with
the hydrogen. It is thus seer that 2 volumes of marsh
gas contain 4 volumes of hydrogen weighing 4 (as water
contains 2 volumes of hydrogen and 1 of oxygen), and as
much carbon as is contained in 2 volumes of carbonic
dioxide, viz. 12 parts by weight : and hence the formula
CH, is given to this gas.

Ethylene, Heavy Carburetted Hydrogen or Olefiant Gas.
Symbol C, H,, Combining Weight 28, Density 14.

This gas is obtained on the destructive distillation of
coal, and is an important constituent of coal gas. It is
obtained in the pure state by heating 1 part of alcohol
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(s;pirits of wine) C; H, O, with 5 or 6 parts by weight
of strong sulphhuric acid; as in formation of carbonic
oxide from formic acid, the elements of water are sepa-
rated by the sulphuric acid, and C; H, is evolved as a
gas. This gas is colourless, but possesses a sweetish
taste ; by exposure to a high pressure at a temperature ot
— 110° it has been condensed to a colourless liquid. On
bringing it in contact with a light, in the air, it burns
with a luminous smoky flame, forming carbonic dioxide
and water. When mixed with three times its bulk of oxygen
and fired, it detonates very powerfully; 1 volume -of
olefiant gas requires 3 volumes of oxygen to burn it
completely, and yields 2 volumes of carbonic dioxide ;
so that 1 volume of oxygen is needed to combine with
the hydrogen. Hence this gas contains twice as much
carbon as marsh gas, with the same quantity of hydrogen ;
we must therefore write its formula C, H,.

Olefiant gas combines directly with its own volume of
chlorine gas, forming an oily liquid, and owing to this pro-
perty it has received the above name.

Coal Gas.

The gas so fargely used for illuminating purposes, and
obtained by the destructive distillation of coal (z.e. by
heating the coal in large closed retorts so as to decom-
pose or destroy the coal, the volatile products of this
decomposition being condensed and collected), is not a
simple chemical compound, but a mixture of a large
number of distinct substances. In order to prepare coal
gas of good quality, cannel, or some highly bitumenized
coal is heated in a closed retort ; volatile bodies are thus
formed and expelled, while a residue of (impure) carbon is
left behind as coke. The volatile products of this de-
composition may be distinguished as tar, ammonia, water,
and gas. The tar contains a great variety of substances,
from some of which the well-known Aniline colours are
produced (sez p. 336) ; and the ammonia derived from the
nitrogen in the coal is our chief source of ammoniacal

G2
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salts (see p. 174). The gas which comes off consists
of a mixture of various substances, some of which are
useful for illuminating or heating purposes, whilst sofe
are hurtful and must be removed. Amongst those which
burn with a luminous flame, are olefiant gas, and other
hydrocarbons having an analogous composition, as Cy H,
and C, H, (where the number of atoms of hydrogen is
double that of those of carbon). The gases which serve to
dilute these luminous hydrocarbons, and burn themselves
with non-luminous flames, are hydrogen, carbonic oxide,
and marsh gas. The impurities consist of carbonic dioxide,
hydric sulphide (sulphuretted hydrogen), and the vapour
of carbon di-sulphide ; and these substances are almost
always withdrawn from the gas by a system of purification
before it is sent out from the gasworks. The relative
proportion of these three ingredients present in coal gas
varies greatly according to the kind of coal employed,
and according to the heat to which the coal is subjected.
This is seen from the following table, in which the com-
position of a gas made from common coal with that of
one made from cannel is given.

]

Illumi-
nating COMPOSITION IN 100 YOLUMES

power :

in Nitrogen,
Candles | Hydro| Marsh | Heavy \Equal toicy ponicl Oxygen,

Hydro-| Olefiant; .
ﬁil:nf: gen. | Gas. mr);m?: Gas. Oxide. Car‘l;nic
feet. Acid.

Cannel gas.| 344 | 2582 | sx'20 | 13.06 | (22708) | 7°85 3'07
Coal gas....| 130 | 47%60 | 4153 | 305 |(Gg7)| 782 -

The value of coal gas, as regards its illuminating power,
is ascertained by comparing the light given off by the gas
burning at a certain rate, usually § cubic feet per hour,
with that of a sperm candle burning 120 grains per hour.
Thus the cannel gas is said to be equal to 34°4 candles,
and the coal gas to be equal to 13 candles.
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It will be convenient here to mention the nature and
stsucture of flame, and the principle of the Davy lamp.
Flame consists of gas in a high state of ignition. When
a jet of burning hydrogen is plunged into oxygen, the
flame of Aydrogen in oxygen is seen, This is caused by
the ignition of the particles of hydrogen and oxygen,
owing to the heat evolved in their combination. A similar
flame of oxygern in hydrogen is seen when a jet of the
former gas is lit in an atmosphere of hydrogen. The
temperatures of flames differ as much as their illuminating
powers, and the hottest flames do not necessarily give o
much light ; thus the oxyhydrogen flame, which is so hot
as to burn iron or steel wire like tinder, can scarcely be
seen in bright daylight. In order that a flame shall give
off much light, it must contain solid matter, which becomes
heated up to whiteness. If a piece .
of lime be held in the oxyhydrogen
flame, it becomes strongly heated,
and gives off an intense light ; so
also if we bring solid matter, such
as powdered charcoal, into the
colourless flame of hydrogen, it
‘becomes luminous. The difference
between the non-luminous flame of
marsh-gas and the luminods flame
of olefiant gas is due to the fact
that in the latter, carbon is sepa-
rated outin the solid form, whereas
in the former all the carbon is at
once burnt to carbonic acid. The
flame of a candle consists of three
distinct parts—(1), the dark central
zone or supply of unburnt gas sur-
rounding the wick ; (2),the luminous
zone or area of incomplete com- Fig. 24.
bustion ; and (3), the non-luminous
. zone or area of complete combustion. 1t we bring one
end of a small piece of glass tubing (Fig.24) into the
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dark central zone (1), the unburnt gases will pass up the
tube, and may be ignited at the other end, where th
escape into the air. In the luminous part of the flame
the gases are not completely burnt, and carbon is sepa-
rated out in the solid state ; and it is to the presence of"
this carbon that the flame owes its luminous power. In
the outer zone the supply of oxygen is greater, all the
carbon is at once burnt to carbonic acid, and the flame
here becomes non-luminous.*

The effect of allowing a complete combustion to pro-
ceed at once throughout the flame is well seen in the small
Bunsen gas-lamp, now universally employed in laborato-
ries. In this lamp gFig. 25) the coal gas issues from a
small central burner (&), and passing unburnt up the tube
(e) draws air up with it through the holes (&) ; the mixture
of air and gas thus made can be lighted at the top of
the tube, where it burns with a non-luminous, perfectly

Fig. 25. * Fig. 26.

smokeless flame ; if the holes (4) be closed, the gas alone
burns with the ordinary bright smoky flame, The blow-
pipe flame (Fig. 26) may also be divided into two distinct

* The optical difference between these two classes of flame is pointed out
in the paragraph on Spectrum Analysis, (see p. 230).
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parts—the oxidizing flame (@), where there is excess of
oxygen, and the reducing flame, (5) where there is excess of
carbon ; and these are distinguished by the same proper-
ties as the outer and inner mantle of the candle flame.
Every mixture of gases requires a certain temperature to
inflame it; and if the temperature be not reached, the mix-
ture does not take fire ; we may thus cool down a flame
so much that it goes out, by placing over it a small coil
of cold copper wire, whereas, if the coil be previously
heated, the Eame will continue to burn. The same fact
is well shown with a piece of wire gauze containing about
700 meshes to the square inch: if this be held close
over a jet of gas, and the gas lit, it is possible to re-
move the gauze several inches above the jet, and yet
the inflammable gas below does not take fire, the flame
burning only above the gauze (Fig. 27). The metallic
wires in this case so quickly conduct away the heat that
the temperature of the gas at the lower side of the gauze
cannot rise to the point of ignition. This simple prin-
ciple was made use of by Sir Humphry Davy in his
safety-lamp for coal mines. It consists of an oil lamp
(Fig. 28), the top of which is enclosed in a covering of
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wire gauze ; the air can enter through the meshes of the
gauze, and the products of combustion of the oil can
escape, but no flame can pass from the inside to the out-
side of the gauze ; and hence, even if the lamp be placed
in a most inflammable mixture of firedamp and air, no
ignition is possible, although the combustible gas may
take fire ami) burn inside the gauze. It is, however, then
advisable that the miner should withdraw, to avoid risk of
explosion of the gas from the gauze thus becoming over-
heated and inflaming the firedamp which surrounds it.
The compounds of carbon being generally of a more com-
plicated nature than the preceding ones, they will be more
completely considered under the head of Organic Che-

mistry.
Compounds of Carbon and Nitrogen.

One only is known, viz. :

) Cyaéwgen. Symbol CN. Combining Weight 26. Den-
sity 26.

When carbon and nitrogen are heated together in
presence of potash, a remarkable compound, termed Po-
tassium Cyanide, KCN, is formed. From this substance
a large number of bodies can be Jarepared, all of which
contain the group of atoms CN, and possess characteristic
and peculiar properties ; to this group the name Cyanogen
is given, from its forming a number of blue compounds
(xvavos blue, and yevwiw, I produce). Cyanogen combines
with metals to form cyanides,and in this respect resembles
chlorine.

CN 1 * . .
Gaseous Cyanogen CN ¢ can be easily obtained as a

colourless gas by heating mercuric cyanide. It7is best
collected over mercury, as it is soluble in water. It con-
denses to a colourless liquid when exposed to a pressure
of about four atmospheres ; it is inflammable, and burns
with a beautiful purple flame, forming carbonic acid (di-

* The reason for giving the double formula to gaseous cyanogen will be
explained further on.
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oxide CO,) and free nitrogen. Cyanogen compounds are
prepared on a large scale for various purposes by heating
nitrogenous organic matter, such as’clippings of hides,.
hoofs, &c. ; with iron and potashes, a double cyanide con-
taining iron and potassium, called Potassium Ferrocyanide,
or yellow Prussiate of Potash (se¢ Organic Chemistry,
p-311)is formed.

Cyanogen forms with hydrogen a compound analogous
in composition to hydrochloric acid HCl, and called
Hydrocyanic Acid, or commonly, Prussic Acid, HCN.
T{is important substance is prepared by acting on potas-
sium cyanide with dilute sulphuric acid in a retort. Hydro-
cyanic acid mixed with water distils over, leaving potas-
sium sulphate in the retort, thus :

2K CN + H,;S0, = K, SO, 4 2 HCN.

It is prepared pure and free from water by passing sul-
huretted hydrogen gas, H, S, over dry mercuric cyanide,
ydrocyanic acid, and mercurous sulphide being formed,

thus :
2 HgCN 4 H,S = 2(HCN) 4 Hg,S.

, Mercuric cyanideand sulphuretted hydrogen yield hydro-
cyanic acid and mercurous sulphide. Hydroczanic acid
thus prepared is a volatile liquid, boiling at 265", and soli-
difying at — 15°; it is the most poisonous substance known,
one drop of the pure substance being sufficient to pro-
duce fatal results ; much care must therefore be taken in
its preparation not to inhale the vapour which, even in
small quantity, may produce death. It possesses a
peculiar and characteristic smell of bitter almonds, and
occurs in small quantities in the kernels and leaves of
many plants.

Cyanogen forms a large number of compounds, some
of them of a very complicated constitution, and connected
with other carbon compounds, under which they will be
considered.



90 ELEMENTARY CHEMISTRY. [LESSON

LESSON X.

We now pass to the consideration of a group of ele-
ments which resemble each other closely, and ;)osscss
strongly-marked and active properties: viz. Chlorine,
Bromine, lodine, and Fluorize.

CHLORINE. Symbol Cl. Combining Weight 35°s.
Density 35°5.

Chlorine was discovered in the year 1774 by Scheele:
it does not occur free in nature, but can easily be pre-
pared from its compounds. It is found combined with
metals forming chlorides; of these sodium chloride, sea or
rock-salt is the most common: to obtain chlorine from
this, it must be heated with sulphuric acid and manganese
dioxide, thus:

2 NaCl42 SO, Hy 4+ MnOyz= 2 Cl 4 Na, SO, 4 MnSO,
: + 2H,0.

Sodium chloride, sulphuric acid, and manganese di-
oxide, give chlorine, sodium sulphate, manganese sulphate,
and water.

If one part of salt to one part of manganese dioxide be
mixed with two parts of sulphuric acid and two of water,
and the mixture brought into a large flask, the chlorine
gas is given off regularly upon the application of a very
slight heat; in order to obtain the fas pure, it may be
gassed through the water contained in a wash-bottle

efore it is collected for use. Chlorine is a green-yellow
gas, possessing a most disagreeable and peculiar smell,
which, when the gas is present in small traces only, re-
sembles that of seaweed, but when present in large
quantities acts as a violent irritant, producing inflamma-
tion of the mucous membrane, and even causing death
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when inhaled. Chlorine gas when submitted to a pressure
of five atmospheres at the ordinary temperature, is con-
densed to a heavy yellow liquid, but it has not yet been
solidified. This gas cannot be collected over water or
mercury, as it is soluble in the former (1 volume of water
dissolving 2°37 volumes of chlorine at 15°), and combines
directly with the latter, forming mercuric chloride. It
can, however, be easily collected by displacement, as it is

nearly 2°5 times as heavy as air. If metals in a freely.

divided state are brought into chlorine gas, they take fire
spontaneously, forming metallic chlorides : thus powdered
arsenic, antimony, or thin copper leaf, burn when thrown
into the gas. .

The most remarkable property of chlorine is its power
of combining with hydrogen to form hydrochloric acid:
when these two gases are brought together in equal

volumes, they combine with explosion on bringing a

flame into contact with them, or on exposing the mix-
ture to sunlight. Chlorine is even able to decompose
water in the sunlight, comBining with the hydrogen
and liberating the oxygen. Seweral experiments illus-
trative of this property of chlorine may be mentioned:
if a burning candle be plunged into this gas, the taper
continues to burn, but with a very smoky flame, the
hydrogen alone of the wax entering into combination
with the chlorine, whilst the carbon is given off as smoke
or soot: the same effect is produced when a paper
moistened with turpentine (a compound of carbon and
hydrogen) is held in a jar of chlorine gas; the hydrogen
of the turpentine at once combines with the chlorine,
forming hydrochloric acid, and the carbon is liberated ;
so much heat is given off by this action that the paper
frequently takes fire.

;’?he well-known bleaching action of chlorine also
depends upon its power of combining with the hydro-
gen of water and liberating the oxygen. Dry chlorine
vas does not bleach; we may enclose a piece of cotton
cloth or paper coloured by a vegeétable substance, as
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madder or litmus, in a bottle of dry chlorine, and no
change of colour takes place, even after the lapse of many
weeks : if, however, a few drops of water are added, the
colouring matter is immediately destroyed, and the cotton
or paper is bleached. Here the chlorine combines with
the hydrogen of the water, and the oxygen at the moment
of its liberation (when it is said to be mascent) combines
with the vegetable colouring matters, forming compounds
destitute of colour. Ordinary free oxygen has not this
power—not at least to any great extent; it is a frequent
observation that bodies in this zascent state have more
active properties than the same bodies when free and
alone. Chlorine is unable to bleach mineral colours; the
difference between printer’s ink, coloured by lampblack or
carbon, and writing ink, a vegetable black, is well illus-
trated by placing a sheet of paper having characters
written and printed upon it in a solution of chlorine in
water. Chlorine gas is largely used for bleaching pur-
poses in the cotton, linen, and paper manufactures. It is
sometimes used in the form of a gas, but more usually in
combination with calcium and oxygen, forming the article
called chloride of lime (mixture of calcium chloride,
CaCl,, and calcium hypochlorite, CaCl,0,) or Bleaching
Powder. Chlorine is also largely employed as a disin-
fectant and deodorant, its action on organic putrefactive
substances being similar to that upon organic colouring
matters.

Compounds of Chlorine with Hydrogen.

One only is known, viz.—

Hydrockloric Acid, or Hydric Chloride. Symbol HCL
Combining Weight 365, Density 18°25.

This substance is obtained when equal volumes of
chlorine and hydrogen are mixed and exposed to the
diffused light of day; the gases then combine, and form
an unaltered volume of hydrochloric acid gas. If thelight
be strong, this combination takes place so rapidly that
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a violent explosion occurs. Hydrochloric Acid may, how-
ever, be more easily prepared by heating common salt
{sodium chloride) and sulphuric acid in a flask.

NaCl +4- SO, H, = HCl 4+ Na H SO,.
Sodium chloride and sulphuric acid give hydrochloric
acid and hydric sodium sulphate.

Hydrochloric Acid is a colourless gas 1°269 times
heavier than air ; it fumes strongly in damp air, combining
with the moisture, and has a strongly acid reaction. It
is very soluble in water, one volume of this liquid at 15°
dissolving 454 volumes of the gas; this solution is the
ordinary Hydrochloric or Muriatic Acid of the shops.
Under a pressure of 40 ats. the gas forms a limpid liquid.
The gas can be collected over mercury, and its solubility
in water strikingly shown by allowing a few drops of water
to ascend to the surface of the mercury in contact with
the gas: a rapid rise of the mercury in the jar imme-
diately occurs. A saturated solution of hydrochloric acid
in water has the specific gravity of 1-21; it fumes strongly
in the air, and when heated in a retort, loses at first
hydrochloric acid gas, but after a time an aqueous acid
distils over at the ordinary atmospheric pressure, con-
taining 20°22 per cent. of HCl, and boiling constantly at
110° If the £§tillation be conducted under a diminished
Ppressure, the acid boils constantly at a lower temperaturs,
and attains a composition which is different for each
boiling point ; hence the constant acids thus obtained by
boiling the solution of hydrochloric acid gas in water
cannot be considered as definite compounds of HCI and
water. This fact holds good for many other aqueous
solutions of acids, &c. ; viz. that residues constantly boiling
at the same temperature, and having constant compo-
sitions, are obtained on distillation, the composition and
boiling point varying, however, with the pressure under
which the distillation has been conducted.

Enormous quantities of Hydric Chloride (commonly
called Muriatic Acid, from muria, sea-salt) are obtained
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as a bye-product in the manufacture of sodium carbonate
(se¢ p. 169). More than 1,000 tons of this acid are made
every week in the South Lancashire district alone. The
acid thus produced is, however, very impure, having a
yellow colour, and containing iron, arsenic, organic matter,
and sulphuric acid in solution.

The arrangement represented in Fig. 29 1s adapted to

Fig. 29.

show, that when gaseous hydric chloride is passed over
heated manganese dioxide, water and chlorine gas are
formed, thus:

4 HCl 4+ MnO, = Cl, + 2(H,0) + MnCl,.

If the gas is allowed to pass over the oxide contained
in the first bulb before it is heated, no formation of water
is noticed, and the red litmus paper in the bottle remains
coloured ; as soon as the oxide is heated, moisture is at
once seen to be deposited in the second bulb, and the
paper becomes bleached, showing the presence of chlorine.
The exact composition of hydric chloride is best deter-
mined by decomposing the aqueous acid by means of a
current of voltaic electricity, by an arrangement similar to
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that shown in Fig. 11, and collecting the gases (hydrogen
and chlorine) evolved in a long tube after allowing the
decomposition to go on for some time. If the tube thus
filled be opened in the dark under a solution of potassium
iodide, the solution will rise in the tube, the iodine being
liberated, the chlorine combining with the potassium,
until exactly half the tube is filled with liquid; the re-
maining ‘gas is found to consist of hydrogen. If the
mixture of electrolytic gases, which can with care be
sealed up in a strong tu%t, be exposed to the action of
daylight, or of a bright artificial light, immediate com-
bination of the two gases will ensue, and on opening the
tube under water, this liquid will completely fill the whole
of the tube, showing that the component gases were
present in exactly the proportion needed to form hydro-
chloric acid.

Compounds of Chlorine with Oxygen.

Chiorine and Oxygen do not unite directly, but they
may indirectly be made to form the following compounds,
viz, :—

Compounds of Chlorine and Oxygen. Corresponding Acids.

() Hypochlorous Oxide, C15 O, yielding { 7227cHorous i oy prcio

. .. e e e
(2) Chloric Tri-oxide, Cl; O, yielding . {%;mfgrditf }HCIO,
(3) Chboric Tetroxide,Cl3 O, . . . . Nocorresponding Acid is known.

(4) No corresponding Oxide is known . . { fAoricdeidor - o,

(5; No corresponding Oxide is known. . { Perchloric Acid or } HCIO,

Hydric Perchlorate

The oxides C1,0, and Cl,0y, corresponding respectively
tt’x(') the two last acids, have not yet been prepared in the
ee state.

Hypocklorous Oxide. Symbol g}} 0, or CLO. Com-
bining Weight 87. Density 43°5.
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This body is obtained by the action of chlorine upon
mercuric oxide—the chlorine combining not only with the
metal, but also with the oxygen, thus:

HgO + 2Cl; = C,0 + HgCl,;

Mercuric oxide, and chlorine, give hypochlorous oxide,
and mercuric chloride.

1t is a colourless gas, which may be condensed by means
of a freezing mixture to a red liquid, which is very explo-
sive. It is soluble in water, forming a solution of hypo-
chlorous acid, thus, HyO + Cl30 = 2 HCIO : this action of
water upon an oxide, forming a hydric salt or acid, is a
very general reaction: it occurred with nitric pentoxide
N,O; (N,O5 + H,0 = 2 NO;H, page 59), and with car-
bonic dioxide (C(Z.), + H ;O = H,CO,, page 75), and we
shall frequently meet with it hereafter.

Hypochlorous Acid, ov Hydric Hypocklorite. Symbol
HCIO. Combining Weight 525, .

This body may be obtained in solution in water by dis-
tilling dilute solutions of sodium hypochlorite or calcium
hypochlorite with dilute nitric acid. Thus : .

NaClO 4+ HNO? = Na NOg + HCIO.

Sodium hypochlorite and nitric acid give sodium nitrate
and hypochlorous acid.

It may be regarded as hypochlorous oxide in which one -
atom of chlorine has been replaced by one of hydrogen.
When this atom of chlorine is replaced by metals, a series
of salts called Hypochlorites is obtained. These are formed
(together with chlorides) whenever chlorine gas acts upon
the solution of certain metallic oxides in water, or on the
damp solid oxides. Thus when chlorine acts upon moist
slaked lime, dleacking powder (a mixture of calcium hypo-
chlorite and chloride) is produced ; the reaction may be
explained thus :

2CaHy0y 4+ 2Cl; = 2H;0 4 CaCly 4+ CaCl; O,

. Calcium hydrate and chlorine give water, calcium ¢hlo-
ride, and calcium hypochlorite,
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This substance, so largely used for bleaching purposes,
is prepared on the large scale by passing chlorine gas
into ?acious chambers, on the floors of which a layer of
slaked lime two inches thick is laid ; the gas is all ab-
sorbed, and bleaching powder formed. When treated with
a small quantity of a dilute acid, hypochlorous acid is
liberated, and may be distilled over, whereby an aqueous
solution is obtained as a colourless liquid, having a pecu-
. liar smell and bleaching properties. If a larger quantity

of acid be added, the hypochlorous acid itself is decom-
posed into chlorine and water, or hydrochloric acid and
oxygen. Hence in the operation of bleaching, the goods
are first dipped into a solution of bleaching powder, and
then passed through a dilute acid, whereby hypochlorous
acid is first formed and then decomposed, liberating chlo-
rine in the fibre of the cloth; the bleaching effect is,
therefore, only visible after the goods have been “soured,”
or dipped in the acid. :

Chloric Trioxide, Symbol Cl,0,, is produced by the
deoxidation of chloric acid, HClOq; it is connected with
a series of salts called chlorites, just as hypochlorous
oxide is with the hypochlorites ; thus, Sodium chlorite
is Na ClO,. .

Chloric Tetroxide, Symbol CL0,, is an explosive gas
obtained by the action of sulphuric acid on potassium
chlorate.

Chloric Pentoxide, Symbol Cl04, has not been as yet
isolated ; but the acid derived from it is known, viz. :

Chloric Acid. Symbol HClO, Combining Weight 84'5.
Certain metallic salts corresponding to this body (and
termed chlorates) are obtained by the action of chlorine in
excess upon the warm solution of the metallic oxide, thus :

3Cl, + 6KHO = KCIO; + 5KCl + 3 H,0.

Chlorine, and potash, give potassium chlorate, potassium
chloride, and water. .
The chlorate can be easily separated from the more
soluble chloride by crystallization. Chloric acid (hydric
H



98 ELEMENTARY CHEMISTRY. [LESSON

chlorate)itself can be prepared by decomposing potassium
chlorate by hydrofluosilicic acid, whereby an insoluble
potassium compound is precipitated, and chloric acid re-
mains in solution; or by adding sulphuric acid to barium
chlorate, insoluble barium sulphate being precipitated,
thus :
Ba 2 C10; 4+ H; SO, = Ba SO, + 2 (H ClO,).

Chloric acid solution may be concentrated to a syrup,
but it decomposes on further evaporatian; it acts as a
powerful oxidizing agent, and when dropped upon paper
it produces ignition, parting with its oxygen. The chlo-
rates also yield up all their oxygen on heating, and the
potassium salt is used as a most convenient source of this
gas. The composition of chloric acid is ascertained by
determining the weight of oxygen, which potassium chlo-
rate yields on heating (see ante, p. 13), together with the
amount of chlorine contained in the residual potassium
chloride.

Chloric Heptoxide, Symbol Cl,0y, is unknown as yet in
the free state. Its corresponding acid is known, viz.:

Perchloric Acid. Symbol HCIO,. Combining Weight
100°5. When potassium chlorate is heated, it first fuses
and begins to give off oxygen: ata certain point, however,
the whole mass solidifies ; if the decomposition be stopged
at this stage a new salt will be found to be contained in
the residue, together with chloride and unaltered chlorate.
Thus is termed Potassium perchlorate, and its composition
is KClO,. It may be easily separated from the chlorate
by the action of hydrochloric acid, which decomposes this
latter, but has no action on the perchlorate. Perchloric
acid, HCIO,, can easily be prepared from the potassium
salt by the action of strong sulphuric acid. If a mixture
of one part of the dry perchlorate and four of sulphuric
acid be distilled in a retort, a colourless fuming liquid
condenses in the receiver; this is perchloric acid, HCIO,.
It has a specific gravity of 1'78 at 15°'5,.and does not
solidify at—35°. Perchloric acid is one of the most power-
ful oxidizing agents known; when thrown upon wood or
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paper it produces instant ignition, and when dropped on
to charcoal it decomposes with a loud explosion. It com-
bines with water to form a crystalline hydrate, HCIO, 4
H,0, which when further diluted with water forms a thick
oily liquid, boiling constantly at 203° and containing 723
per cent. of HCIO,, and thus not corresponding to any
definite hydrate. Perchloric acid is by far the most stable
of the acids derived from chlorine. :

Compounds of Chlorine and Nitrogen.

Chlorine combines with nitrogen, though only indirectly,
to form a very remarkable compound, the composition of
which has not been as yet determined. If chlorine gas is
passed into a solution of ammonia, nitrogen, as we have
seen, is liberated ; if an excess of chlorine be employed,
drops of an oily liquid are seen to form, which, on being
touched, exploc{e with fearful violence, so that the greatest
caution must be used in manipulating even traces of this
body. The explosive nature of this compound arises from
the fact that its constituent elements are very loosely com-
bined, and separate with sudden violence.

Compounds of Chloyine and Carbon

Chlorine and carbon unite to form four different com-
pounds, which will be discussed under Organic Chemistry.

LESSON XI.
BROMINE. Symbol Br. Combining Weight 8o. Density8o.
This element, which closely resembles chlorine in its

properties and cotnpounds, was discovered by Balard, in
1826, in the salts obtained by the evaporation of sea-water,
H 2 :

.
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1t does not occur free in nature, and is, like chlorine, found
combined with sodium and magnesium in the waters of
certain mineral springs. In order to obtain pure bromine,
use is made of the fact that free chlorine liberates bromine
from its combinations with metals, forming a metallic chlo-
ride. The bromine thus set free ma; separated by
shaking the liquid up with ether, which dissolves the
bromine, forming a bright red solution. On adding caustic
potash to this ethereal solution, the colour at once dis-
appears, the bromine becomes combined, forming potas-
sium bromide, and bromate : on evaporation of the ether
these salts remain, and after ignition (to decompose the
bromate), the bromine can again be liberated by the action
of sulphuric acid and manganese dioxide, exactly as in the
case of chlorine.
2BrK+42H,S0, 4+ MnO,=2Br+4X,;50,4+MnSO,+2H,0.

Potassium bromide, and sulphuric acid, and manganese
dioxide, give bromine, potassium sulphate, manganese
sulphate, and water.

Bromine is a dark, reddish-black, heavy liquid (the only
element liquid at ordinary temperatures besiges mercury) ;
its specific gravity at 4° is 2'966 ; it freezes at —22°to a
black solid, and boils at 63°. "It possesses a very strong,
irritating smell, resembling that of chlorine (Bpapoc
a stink), and, when inhaled, acts as a strong poison: one
part of bromine dissolves in about 30 parts of water at 15°;
and this solution possesses bleaching powers, feebler,
however, in action than those of chlorine. This bleaching
action is caused by the oxidation of the colouring matter,
bromine combining with the hydrogen of the water to form
an acid called hydrobromic acid, corresponding in mode"
of formation and properties to hydrochloric acid.

Hydrobromic A a’a’? or Hydric Bromide. Symbol HBr.
Combining Weight 81. Density 40'5.

Hydrogen and bromine do not unite together, even when
gla.cegi in the sunlight, but they combine to form hydro-

romic acid when passed through a red-hot porcelain
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tube. Hydrobromic acid is prepared by the action of
acids (phosphoric acid) on the bromides; it is a colour-
less gas, having a strong acid reaction, and fumes strongly
in moist air ; it is very soluble in water. When concen-
tratedz' the aqueous acid boils (under 760 mm. pressure)
at 126°, and contains 47'8 per cent. of HBr. Two volumes
of this gas contain one of bromine united with one of
hydrogen. The aqueous acid neutralizes bases, forming
the bromides and water. The gas liquifies at — 73°

C obt;ﬁoundf of Bromine with Oxygen.

- These are analogous to those of Chlorine, although not
SO numerous.

Hypobromous Oxide, Bry O, is not known, but the cor-
responding Hypobromous Acid, HBrO, is known, though
only in aqueous solution. It is obtained by the action of
bromine water upon mercuric oxide; like hypochlorous
acid it bleaches vegetable colouring matters by oxidation,
hydrobromic acid being formed. Bromic Pentoxide, BryO,,
has not yet been isolated, but the corresponding Bromic
Acid, HBrOg, can be obtained by the action of chlorine
upon bromine water, thus— .

Br 4+ 3H, 0 + 5C1 = 5HCl + HBrO,,
In both its properties and composition it corresponds to
chloric acid. Certain metallic bromates can be obtained,
like the corresponding chlorates, by the action of bromine
on the metallic oxides in aqueous solution. The best
method of obtaining the bromates of the alkaline metals
(potassium and sodium) consists in saturating a concen-
trated solution of the metallic carbonate with chlorine
until carbonic acid begins to escape, and then adding
bromine ; all the chlorine escapes, and solution of pure
‘bromate remains. Hence ‘it appears that bromine can
displace chlorine from its compounds with oxygen, whilst
chlorine can liberate bromine from its compound with
hydrogen. The bromates are decomposed by heat in the
same way as the chlorates. .
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Perbromic Acid, or Hydric Perbromate, HBrO,, has
been obtained by the action of bromine upon perc‘hlon'c
acid, HCIO,,

IODINE. Symboll. Combining Weight 127. Density 127.

Iodine likewise occurs in sea-water, and is obtained
from kelp, the ash of certain sea-weeds, in which it is
found combined with sodium and magnesium, forming
compounds called Iodides. It was discovered in 1812 by
Courtois. Iodine is obtained from kelp by exactly the
same process as that by which chlorine and bromine are
obtained from chlorides and bromides, viz. by heating with
sulphuric acid and manganese dioxide. Iodine is thus
liberated in the form of a deep violet-coloured vapour,
which condenses to a dark grey solid, with bright metallic
lustre. Iodinemelts at 115° and boils above 200°, and has a
specific gravity of 4:95 ; it gives off a perceptible amount
of vapour at the ordinary temperature, and possesses a
faint, chlorine-like smell. Water dissolves a very small
quantity of iodine ; but, in presence of a soluble iodide, it
is freely dissolved, forming a deep red or brown solution:
it is easily soluble in alcohol and other organic liquids.
Todine does not possess such active properties as either
of the preceding elements, its solution does not bleach
organic colourin% matters, and it is liberated from its com-
pounds by both bromine and chlorine. Free iodine forms
a remarkable compound with starch, of a splendid blue
colour, and by this means the minutest trace of this sub-
stance can be detected. To apply this test, one drop of
potassium iodide solution is added to starch paste largely
diluted with water ; no blue colour is observed until the
iodine is set free by the addition of a drop or two of
chlorine-water, when a deep blue colouration is instantly
perceived. Iodine acts as a powerful poison, but, given in
small quantities, it is much used as medicine.

Hydriodic Acid, or Hydric lodide. Symbol HI. Com-
bining Weight 128. Density 64. Iodine and Hydrogen may
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be made to unite with each other by heating them together:
hydriodic acid is liberated when dilute sulphuric acid
acts on an iodide. This substance is, however, best pre-
pared by acting upon the phosphoric iodides with water

thus :
’ PI, 4+ 3H,0 = 3HI 4 H; PO
Phosphoric tn’-iodn;’:ie "and water prodtfce h;driodic acid
and phosphorous acid.

Hydriodic acid is a colourless gas, possessing a strong
acid reaction, and fuming strongly in the air: it is very
soluble in water, yielding a solution which boils at
127°, and contains 57 per cent. of HI. The gas liquifies
under pressure, and solidifies at — 55° An analysis of
this gas 'shows that hydriodic acid (like hydrochloric) is
composed of one volume of hydrogen and one of iodine,
forming two volumes of hydriodic acid.

Compounds of Todine with Oxygen.

Iodine, when treated with caustic alkaline solutions, does
not yield bleaching liquors ; nor is there any compound
corresponding to hypochlorous acid known in the iodine
series. It forms, however, two important acids, iodic and
per-iodic acids, correstiondin respectively with chloric
and perchloric acids ; the oxide, 1,0y, corresponding with
the latter, is also known. Jodic pentoxide, 1504, is
obtained as a white crystalline solid by heating iodic
acid, HIO, to 170°

ITodic Acid, or Hydric lodate. Symbol HIO;. Com-
bining Weight 176. This acid, which corresponds closely
with chloric acid, may be obtained by the direct oxidation
of iodine by nitric acid, and also by acting upon iodine
water with chlorine, thus : ’

I 4+ 3Hg0 + 5Q1 = HIO; + sHCL

Iodine, water, and chlonne, yield iodic acid and hydro-
chloric acid. .

‘The alkaline iodates are formed (together with the iodides
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of the metals employed) like the chlorates and bromates,
by dissolving iodine in the caustic alkalies.

. 61 4 6HKO = KIO, + 5KI + 3H,0.

Todine and caustic potash, give potassium iodate, potas-
sium iodide, and water.

The whole of the iodine is converted into iodate if chio-
rine gas be passed into the solution, thus :

I 4+ 6KHO + 5Cl = K10, + 5KCI + 3H,0.

lodine, .caustic potash, and chlorine, yield potassium
fodate, potassium chloride, and water. :

Hence we see that oxygen combines with iodine to form
an iodate in preference to forming a chlorate with chlo-
rine. The iodates of the alkaline metals decompose on
heating like the corresponding chlorates, yielding oxygen
and an iodide, whereas the iodates of the heavy metals
yield the metallic oxides, iodine, and oxygen.

lodic Heptoxide, 1,04, has recently been prepared.

Per-iodic Acid, H10,, or Hydric Per-iodate, can be
obtained from the corresponding perchloric acid by the
addition of iodine.

FLUORINE. Symbol F. Combining Weight 19.

This element occurs combined with the metal calcium,
forming calcium fluoride CaF, or fluorspar, a mineral
crystallizing in cubes and found in Derbyshire ; it also
exists in large quantities in cryolite (3 NaF 4 AlFy), a
mineral found in Greenland, whilst it has been detected in
minute quantities in the teeth, and even in the blood of
animals. Fluorine is remarkable as forming no com-
pounds with oxygen, and as being extremely difficult to
prepare in a pure state. Many unsuccessful attempts have
been made to obtain fluorine, but none of the methods
which yield chlorine, bromine, or iodine give any result.
By the action, however, of dry iodine upon dry silver
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fluoride, it appears that fluorine has heen isolated, and it
is found to be a colourless gas which does not act upon
glass, and is absorbed by caustic potash with the forma-
tion of potassium fluoride and hydric dioxide.

. 2KHO + Fy =2 KF + H,0,.

Hydrofluoric Acid, or Hydric Fluoride. Symbol HF,
Combining Weight 20. Density 10,

This gas corresponds in composition to the hydrogen
compounds of the three preceding elements, and may be
obtained in an exactly similar manner by the action of
sulphuric acid upon calcium fluoride, thus:

H, SO, + CaF; = 2 HF + CaSO,,

Sulphuric acid, and calcium fluoride, give hydrofluoric
acid and calcium sulphate.

Hydrofluoric acid gas must be prepared in a leaden or
platinum vessel (Fig. 30), as glass is rapidly attacked by
the vapour. The colourless gas thus obtained fumes
strongly in the air; if it be passed into a metallic tube
(Fig. 30) placed in a freezing mixture of the temperature

Fig. 30.

of —20° a liquid is formed; this liquid is strong aqueous
hydrofluoric acid : it appears doubtful whether the dry
acid HF has been obtained in the liquid state. The strong
acid acts very violently upon the skin, producing painful
wounds ; and the fumes of the gas are likewise dangerous
from their corrosive power. When brought into contact
with water the strong acid dissolves with a hissing noise ;
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this aqueous acid attains a constant boiling point under
the ordinary atmospheric pressure, when the liquid con-
tains 37 per cent. of HF.

The most remarkable property of hydrofluoric acid is
its power of etching upon glass ; this arises from the fact
that fluorine forms, with the silicon contained in the gliss,
a volatile compound called Silicic Fluoride (sez p. 128).
This etching serves as a very delicate test of the presence
of fluorine, and is effected in a very simple manner by
covering a watch-glass with a thin coating of wax, re-
moving a portion by means of a sharp point, and then
exposing the glass for a short time to the vapour of hydro-
fluoric acid given off by heating the materials in a small
leaden saucer ; on removing the wax with a little tur[’ig;"n-
tine, the marks on the glass will be distinctly visible. The
solution of hydrofluoric acid in water is also used for the

urpose of etching on glass. Fluorspar is used in metal-
Exrgic operations as a flux, whence its name (/fxo, to flow).

The members of the foregoing group of elements ex-
hibit certain remarkable relations among themselves,
especially a gradation in properties. Thus chlorine is a
gas, bromine a liquid, and 10dine a solid, at ordinary tem-

ratures; the specific gravity of liquid chlorine is 1°33, of

romine 2'q7, and of iodine 4'95 ; liquid chlorine is trans-
parent, bromine but slightly so, and iodine is opaque.
The combining weight, and, therefore, the density of bro-
mine, is nearly the mean of those of chlorine and iodine,

3@ == 8125 ; and in its general chemical deport-

ment bromine stands half-way between the other two
elements. The property which distinguishes these
substances from the rest of the elements is the power
of forming, with hydrogen, compounds containing equal
volumes of the constituent gases united without conden-
sation.
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LESSON XII.
SULPHUR. Symbol S. Combining Weight 32. Density 32.

Sulphur occurs both free and combined in nature ; it is
found free in certain volcanic countries, especially in
Sicily and Iceland, and occurs crystallized in yellow trans-
parent crystals in the form of rhombic octahedra (Fig.
31); it exists in combination with many metals, form-

Fig. 31

ing compounds termed Sulphides, which constitute the
common ores from which the metals are usually obtained.
Thus PbS, lead sulphide, or Galena,; Zn S, zinc sulphide,
or Blende; and Cu S, copper sulphide, are the substances
from which those metals are generally procured. Sulphur
also is found in nature, combined with metals and oxygen,
to form a class of salts called Sulphates; of these, cal-
cium sulphate or gypsum, barium sulphate or heavy spar,
sodium sulphate or Glauber’s salt, occur in the largest
quantity. Sulphur likewise occurs combined with hydro-

en as a gas called Hydric Sulphide, or Sulphuretted
ilydrogen, H,S, in the waters of certain springs, as at
Harrogate. In order to obtain pure sulphur, the mineral
containing the crude substance mixed with earthy impuri-



108 ELEMENTARY CHEMISTRY. [LEsson

ties is heated in earthenware pots (Fig. 32); the sulphur
aistils over in the form of vapour, which is condensed in -
similar pots placed outside the furnace. When hrought
to this country, the sulphur thus obtained is refined or
purified by subjecting it to a second distillation. If the
vapour of sulg{mr is quickly cooled below its melting-
point, it solidifies in the form of a fine crystalline powder

Fig. 3a.

called Flowers of Sulphur, exactly as aqueous vapour,
when cooled down below the freezing point of water, de-
posits as snow. When sulphur is gently heated it melts,
and may be cast into sticks, and is then known as brim-
stone or roll sulphur.

Sulphur exists in three modifications : the first is that
in which sulphur crystallizes in nature, and the other two
are obtained by melting sulphur. If melted sulphur be
allowed to cool slowly, it crystallizes in long, transparent,
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needle- shaped, prismatic crystals, which are quite different
in form from the natural crystals of sulphur, and have the
specific gravity of 1'98 ; whereas the specific gravity of
the crystals of native sulphur is 2°07 These transparent
crystals become opaque after exposure to the air for a
few days, owing to each crystal splitting up into several
crystals of the natural, octahedral, or permanent form.
The third allotropic modification of sulphur is obtained
by pouring melted sulphur heated to 230° into cold water ;
the sulphur thus forms a soft tenacious mass resembling
caoutchouc, and has a specific gravity of 1°96. This
form of sulphur is, however, not permanent; in a few
hours, at the temperature of the air, the mass assumes
the ordinary brittle form of the element, while, if heated
to 100° it instantly changes to the britile form, and thereby
evolves so much heat as to raise its temperature up to
111°. These peculiar modifications become apparent when
sulphur is heated ; thus, sulphur melts, to begin with, at
115° and forms an amber-coloured mobile liquid ; as the
temperature rises, the liquid becomes dark-coloured, and
attains the consistency of thick treacle, so that at about
230° it can scarcely be poured out of the vessel: heated
above 250° it again becomes fluid, and remains as a dark
reddish-black-coloured thin liquid, until the temperature
rises to 490° when it begins to boil and gives off a red-
coloured vapour.

Sulphur is an inflammable substance, and when
heated in the air or in oxygen, burns with a bluish
flame, combining with the oxygen to form sulphuric
dioxide (often called sulphurous acid), SO,, which is given
off as a gas possessing the peculiar and well-known suffo-
cating smell which is evolved when a common lucifer
match is burnt. Sulphur is insoluble in water and most
organic hquids, but both the natural octahedral variety,
and the other crystalline (or prismatic) variety, dissolve
freely in carbonic di-sulphide, CS,, whilst the tenacious
form of sulphur is insoluble in this liquid. When de-
posited from solution in carbonic di-sulphide, sulphur
crystallizes in the ordinary natural or octahedral form.
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Compounds of Sulphur and Oxygen.

Two compounds of sulphur and oxygep are known in
the free state, viz. the di-oxide, SOg4 and the lrioxide, SO,:
whilst acids corresponding to several others are known,
as are also several extensive series of well defined metallic
salts thence derived. The following table shows the com-
position of seven sulphur oxacids ; the first three on the
list are important comdpounds, the remaining’ bodies are
but little known, and do not as yet serve any purpose in
the arts or manufactures. These compounds exhibit in a
striking manner the law of multiple combining propor-
tions enumerated by Dalton. (See ante, p. 53.)

Hydric Sulphite or Sulphurous Acid. . . . « . . . H,S Oy

Hydric Sulphate or Sulphuric Acid . . . . . . . . H,S O,
Hydric Hyposulphite or Hyposulphurous Acid . . . . H,S;0,
Hydric Dithionate or Dithionic Acid . . . . . . . H;8,0,
Hydric Trithionate or TrithionicAcid . « « . . . « H3S;0,
Hydric Tetrathionate or Tetrathionic Acid . . . . . H,S.0,
Hydric Pentathi or Pentathionic Acid . . . . . H,S,0,

Sulphuric Dioxide or Sulphurous Acid. Symbol SO,.
Combining Weight 64. Density 32.

This gas is obtained when sulphur is burnt, and it is
given off in large quantities from volcanic craters; it may
be prepared more conveniently on the small scale by
removing the elements of water, and one additional atom
of oxygen from sulphuric acid by heating along with it
the metals copper or mercury, thus :

Cu+-2H,; SO, =S0, + CuSO, 4 2H,0.

Copper, and sulphuric acid, yield sulphuric dioxide,
copper sulphate, and water.

The gas thus given off may be washed to purify it and then
collected over mercury or by displacement. Itis a colour-
less gas, possessing a suffocating smell of burning sulphur;
it is 2'247 times heavier than air, and may be condensed
to a colourless liquid by cooling down to — 10" under the
ordinary atmospheric pressure; when cooled below — 76°
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the liquid freezes to a transparent solid. The arrangement
for liquefying the gas is seen in Fig. 33 : it consists of the

Fig. 33,

usual evolution flask and washing bottle, which is con-
nected with a spiral glass tube surrounded by a freezing
mixture of salt and pounded ice. The gas condenses in
this tube and falls down into the small flask placed below,
which is also placed in a freezing mixture. When a suffi-
cient quantity of the liquid has been collected, the neck
of the flask can be sealed up by the blowpipe at the
narrow part, and the liquefied sulphuric dioxide preserved.
This liquid evaporates very quickly when brought into
the air, and the Ilieat which thus becomes latent is so con-
siderable, that the temperature may in this way be reduced
to — 60°; this is easily shown by pouring some of the
liquid upon the bulb of an alcohol thermometer which
has been wrapped in cotton wool.

Sulphuric dioxide, like all other gases which are easily
condensed, exhibits considerable deviation from Boyle’s

-
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law of pressures, occupying for equal increments of pres-
sure less space than air under the same conditions; this
difference becoming larger the lower the temperature.
The volume of this gas formed by the combustion of sul-
phur is found to be exactly the same as that of the oxygen
employed. Hence, as the density of sulphuric dioxide is
32, it contains equal weights of its constituent elements,
1 volume of sulphur uniting with 2 volumes of oxygen to
give 2 volumes of the dioxide.

Sulphuric dioxide is very soluble in water, I volume of
water at 10° dissolving 51°38 volumes, and at 20° 3622
volumes of this gas. The solution of the gas in water
consists (like that of carbonic dioxide, p. 75) of di-kydric
sulphite or true sulphurous acid, Hy, SO;: but this sub-
stance is decomposed on boiling the liquid, water and
sulphurous dioxide being reproduced, this latter escaping
as a gas. If the solution of this gas in water be cooled *
below 5° a crystalline hydrate of sulphurous acid separates
out, having the composition Hy SO, + 14 H,0.

Sulphurous acid 1s really the hytirogen salt in a series
of compounds called sulphites; these compounds, how-
ever, are easily decomposed by the stronger acids, sul-
phurous dioxide being liberated as a gas. This substance
1s largely used as a bleaching agent, especially for silk
and woollen goods which cannot be bleached by chlorine ;
it is also employed as an anticklor for the purpose of
getting rid of the excess of chlorine present in the bleached
rags from which paper ic made. The great value of
sulphurous dioxide in the arts is in the manufacture of
sulphuric acid or oil of vitriol, and for this purpose
enormous quantities of the dioxide are used.

Sulphurous acid, H, SO, like carbonic acid, H, CO,,
is a dibasic acid, that is, it contains two atoms of hydrogen,
both of them being capable of being replaced by metals :
thus two classes of salts are derived ; the so-called acid
salts, where only one atom of hydrogen has been replaced,
and the nmewtral salts, where both atoms have been re-
placed by a metal. Thus—Hydric Potassium Sulphite,
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HK SOy, is an acid salt, and Dipotassium Sulphite, K,SO,,
is a neutral salt. Similarly, we have Hydric Potassium
Carbonate, HK CO,, and Dipotassium Carbonate, K; CO,.

In its bleaching action, sulphurous dioxide acts in a
manner exactly opposite to that in which chlorine acts,
inasmuch as it unites with the oxygen of the water or
colouring matter present, forming sulphuric acid and
liberating the hydrogen ; so that sulphurous acid bleaches
by acting as a reducing or deoxidizing agent, whereas
chlorine bleaches by oxidation : similarly, its action as an
antichlor depends on the formation of sulphuric and hydro-
chloric acids, thus:

SO, + 2 H;0 4 2Cl = H, SO, + 2 HCL

LESSON XIII.

Sulphuric Trioxide, or Sulphuric Anhydride. Symbol
SO, Combining Weight 8o. Density 40. )

Sulphuric dioxide does not, under ordinary circum-
stances, combine directly with oxygen to form SO;, but if
these two dry gases be passed together over heated and
finely divided metallic platinum, union takes place, and
dense white fumes of the sulphuric trioxide are evolved,
‘condensing to white silky needles. These crystals melt at
29° and boil at 46° yielding a colourless vapour, which
when passed through a red-hot tube is decomposed into
two volumes of sulphuric dioxide and one volume of
oxygen. Sulphuric trioxide does not redden litmus paper,
and may be moulded by the fingers without charring the
skin: when brought into contact with water, the two
substanceés combine with great force, forming sulphuric
acid, H,SO,, hissing as a red-hot iron would do. The
combination thus formed cannot be separated again into
sulphuric trioxide and water by boiling. The trioxide
may likewise be prepared by distilling Nordhausen fuming
sulphuric acid (p. 114).
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Sulphuric Acid, or Di-hydric Sulphate. Combining
Weight g8.

This substance is the most important and useful acid
known, as by its means nearly all the other acids are
prepared, and also because it is very largely used in
the arts and manufactures, for a great variety of pur-
poses. So valuable are the applications of this acid,
that the quantity now manufactured in the South Lanca-
shire district alone exceeds 3,000 tons per week. Indced,
it has been truly said, that the commercial prosperity of
a country may be judged of with great accuracy by the
amount of sulphuric acid which it consumes.

Sulphuric acid was first prepared by distilling a com-
pound of iron, oxygen, sulphur, and water, called ferrous
sulphate or greenvitriol. The acid thus obtained is known
as fuming or Nordhausen acid, and consists of a mixture
of dihydric sulphate and sulphuric trioxide, H,;SO, 4 SO,.
This plan of preparation has, however,long been superseded
by the following more convenient method, which depends
upon thé fact, that although sulphuric dioxide does not
combine with free oxygen and water to form sulphuric
acid, it is capable of taking up the oxygen when the latter
- is united with nitrogen in the form of nitric trioxide,
N3Oy, thus: ‘

SO, + H,0 4+ N,0, = H,SO, 4+ N,0,.

Sulphuric dioxide, water, and nitric trioxide, yield sul-
phuric acid and nitric oxide.

The nitric oxide formed in this decomposition takes up
another atom of oxygen from the air, becoming N;O,, and
this is again able to convert a second molecule of SO,
with H,O into H,SO,,* being a second time reduced to
N,;0,, and ready again to take up another atom of oxygen

* A molecule is a group of atoms forming the smallest portion of a chemical
substance, either simple or compound, that can be isolated, or that can exist
alone : it is the smallest amount of substance that can enter into any reaction
or be generated by it; an zfom being the smallest portion of an element that
can exist in a compound body as a mass indivisible by chemical forces ; thus
the molecule of water H,0 contains 2 atoms of hydxogen.ﬁ
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sulphur and iron, FeS,) in a suitable furnace, A A, Fig. 34.
The sulphur of the pyrites burns away, and the gaseous
product is led, together with atmospheric air, into the
chamber, whilst ferric oxide, Fe,Oy, remains behind in the
furnace. A small stove (B), containing nitre, is placed in
the hinder part of the furnace, where this salt is decom-
posed by the action of the sulphuric dioxide, an alkaline
sulphate being formed whilst nitrous fumes pass with the
other gases into the chamber. Jets of steam are also
blown into the chamber from a boiler (C) at various points,
and a thorough draught is maintained by connectihg the
end of the chamber with a high chimney. The sulphuric
acid, as it forms, falls on to the floor of the chamber, and
when the process is working properly, it is continually
drawn off| attaining a specific gravity of about 1°60, whilst
the waste gases passing out of the chamber should con-
tain nothing but nitrogen and small quantities of nitric
oxide. In order to obtain from this weak chamber-acid
the pure dihydric sulphate, H,SO,, the excess of water
must be removed by evaporation ; this is conducted, on -
the large scale, first, by heating the chamber-acid in open
leaden pans until the specific gravity rises to 1°72, when
the acid is known as the érown oil of vitriol of commerce,
and then further concentrated in vessels of glass, or of
platinum (as lead is attacked by the strong acid), until
its maximum strength and specific gravity is attained.
The dihydric sulphate thus obtained is a thick oily liquid
boiling about 338°* and freezing at 10°°8; its specific gra-
vity at 0° is 1'854. It combines with water with great
force, absorbing moisture rapidly from the air; hence it
is used in the %aboratory as a drying agent. Great heat
is evolved when this acid is mixed with water, and care
must be taken to bring these two liquids together gra-
dually, otherwise an explosive combination may ensue.
L]

* When boiled, dihydric sulphate undergoes a slight decomposition, sulphurie
trioxide being evolved, and an acid remaining gehind which contains only
98's of H,SO,, and which at 338°C may be boiled down without further -
decomposition.
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Many organic bodies, such as woody fibre and sugar, are
completely decomposed and charred by strong sulphuric
acid, whilst others, such as alcohol, oxalic and formic acid,
are split up into other compounds by the withdrawal of the
elements of water by this acid.

One molecule of dihydric sulphate unites with one of
water to form a compound, H,SO,, 4+ H4O, which can be
obtained pure by cooling a mixture of acid and water,
having a specific gravity of 178 down to 7°C, at which
temperature rhombic crystals of the hydrated acid are
formed. The sulphuric acid of commerce frequently
contains large quaritities of impurities, especially lead
sulphate, from the chamber, and frequently arsenic from
the pyrites, and nitric acid, as well as the lower oxides of
nitrogen. In order to free the acid from these impurities,
it must be distilled and subjected to other treatment, for
a desctiption of which the reader is referred to the larger
treatises. At high temperatures sulphuric acid decom-
poses into sulphuric dioxide, SO,, oxygen, O, and water,
H,0 ; thus, if a current of the acid be allowed to flow on
to red-hot bricks, and the gases resulting from the decom-

osition passed through water, the sulphuric dioxide will
Ee completely absorbed, and a supply of pure oxygen
obtained. Dihydric sulphate is, as its name implies, a
dibasic acid, ze. it contains two atoms of hydrogen, either
or both of which can be replaced by an equivalent quan-
tity of a metal. As with sulphurous acid, in the case of
the alkaline metals, we have two salts, thus—KHSO, and
K,SO,, potassium being s»zosn-atomic, that is, one atom of
potassium is capable of replacing one of hydrogen. As, how-
ever, most of the other metals are d%-afomic—i.e. one atom
of metal is capable of replacing two atoms of hydrogen—
we have only one sulphate of these metals ; thus barium
sulphate is Ba SO,, where Ba = H,: so copper sulphate
is CuSO,, where Cu= H,. Barium and'lead sulphates are
insoluble in water; hence soluble salts of these metals
are used as_tests of the presence of a sulphate: cal-
cium, strontium, and potassium sulphates are but slightly
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soluble in’ water, while the other sulphates are easily
soluble.

Some sulphates crystallize as anhydrous salts, such as
K,30,, dipotassium sulphate ; Ba SO,, barium sulphate ;
and Ag,SO,, silver sulphate : while others require water
‘to retain their crystalline form, and this water is termed
water of crystallization. The crystals of iron sulphate,
or green vitriol, and of zinc sulphate, or white vitriof con-
tain seven molecules of water in the solid form ; whilst
copper sulphate, or blue vitriol, requires but five mole-
cules to preserve its crystalline form. Thus—

Fe SO, + 7H,0
ZnSO: + 7H:O and CuSO, 4+ sH,0

Hyposulphurous Acid, or Hydric Hyposulphite, is not
known in the free state. The formula of a metallic hypo-
sulphite, such as that of sodium, is Na; S, O, 5 this also
contains five molecules of water of crystallization ; it is
largely used in photography for the purpose of fixing the
image, the salt possessing the property of dissolving the
silver salts which have been unacted on by the light.
This useful salt is prepared by passing a current of sul-
phuric dioxide into a solution of sodium sulphide, and
purifying by crystallization the sodium hyposulphite
obtained. .

Sulphuric trioxide combines directly with hydrochloric
acid to form a compound, which is interesting in a theo
retical point of view ; viz. chlor-hydrosulphuric acid,
HC1S0;. Sulphuric dioxide unites with chlorine to form
sulphuryl chloride, C13S0O,. The first acid is really sul-
phurous acid, with one atom of hydrogen replaced by
chlorine.

Compounds of Sulphur and Hydrogen.

Two of these dre known, viz. dihydric sulphide, H,S,
and hydric persulphide, H;S

DNikydric Sulphide, ox Suf;ﬁlmr:tted Hydrogen. Sym-
bol H,S Combining Weight 34. Density 17.
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This gas is best prepared By the action of dilute sul-
phuric acid upon iron sulphide, FeS, iron sulphate being
also formed thus—

FeS + H,S0, = FeSO, + H,S,

where two atoms of hydrogen change place with one of
diatomic iron. Fig. 35 represents a convenient form of
apparatus for the production and purification of this gas.
It may be collected over warm water, and is a colourless
gas, possessing the peculiar odour of rotten eggs ; it burns
on application of a light with a bluish flame, forming
water and sulphuric dioxide. When inhaled, it acts as a
poison on the animal economy, even if diluted with large
quantities of air. Sulphuretted hydrogen gas dissolves in
water to a considerable extent, imparting its peculiar

Fig. 35

smell and a slightly acid reaction to the water. One
volume of water at o° dissolves 437 volumes of the gas,
whilst at 15° 3'23 volumes are soluble. Exposed to a
temperature of —74°, this gas condenses to a colourless,
mobile liquid, which, when further cooled to —85°, freezes -
to a transparent, ice-like solid. Under a pressure of about
seventeen atmospheres, this gas liquefies at the ordinary
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temperature of the air.. Sulphuretted hydrogen occurs
free in nature in volcanic gases, as well as in the water of
certain springs ; thus Harrogate waters owe their peculiar
odour and medicinal power to the presence of this gas.
It is likewise generated by the putrefaction of animal
matters, such as albumen, or the white of eggs, which
contains sulphur ; also by the deoxidation of sulphates in.
presence of decaying organic matter.

The composition of sulphuretted hydrogen may be ascer-
tained either by heating a small piece of metallic .tin in a-
known volume of the gas, when tin sulphide will be formed,
and hydrogen liberated ; or by decomposing the gas by
means of a red-hot platinum wire, when the whole of the
sulphur is deposited, and hydrogen set free. In both cases,
the volume of hydrogen ogtained is found to be equal to-
that of the gas employed; and hence 2 volumes of sul-
phuretted hydrogen, weighing 34, consist of 2 volumes of
hydrogen, weighing 2, and 1 volume of sulphur vapour,
weighing 32.

Sulphuretted hydrogen is an invaluable re-agent in the
laboratory, as by its means we are enabled to separate the
metals into groups. If we pass a current of this gas through
a solution of a copper salt, to which a small quantity of
acid has been added, we obtain an immediate precipitate
of copper sulphide ; if we do the same with a solution of
an iron salt, we get no such precipitate, because iron
sulphide is soluble in an acid ; but on the addition of an
alkali, iron sulphide is at once precipitated. We may
thus divide the metals into groups : first, those which, like
copper, are precipitated by sulphuretted hydrogen from an
- acid solution, or the copper group ; second, those which
are not precipitated by sulphuretted hydrogen in an acid
solution, but which are so precipitated in an alkaline one,
or the #ron_group; and third, those which are in no case
precipitated by this re-agent, as their sulphides are soluble
either in water, acids, or alkalies ; to this group belong
the metals of the alkalies and alkaline earths.

Hydric Persulphide, or Dikydric Disulphide, H,Sg.



xtit) SULPHURETITED HYDROGEN. 2r

This substance is obtained by pouring a solution of cal-
cium disulphide into hydrochlosMic acid; an oily liquid
. falls to the bottom of the vessel, which is the body in
question. Hydric disulphide closely resembles hydric di-
oxide in many of its properties ; it bleaches, and readily
decomposes into sulphur and sulphuretted hydrogen.
Owing to the solubility of sulphur in this body, and the
difficulty of purifying it, its composition is not accurately
ascertained.

Carbonic Disulphide. Symbol CS, Combining Weight
76. Density 38.

If the vapour of sulphur be passed over red-hot char-
coal, a volatile compound, CS,, is formed, which may be
condensed to a heavy, colourless liquid, Eossessing a pecu-
liarly disagreeable smell, boiling at 43°3, and having a
specific gravity of 1-272. Carbonic disulphide is very in-
flammable, its vapour igniting at 149° when mixed with
air, forming carbonic dioxide, and sulphuric dioxide (sul-
phurous acid), SO, It is insoluble in water, but acts as a
solvent upon gums, caoutchouc, sulphur, and phosphorus ;
its vapour is, however, very poisonous, and it must be
employed with caution.

‘A remarkable analogy is presented by the foregoing
sulphur compounds and the corresponding bodies in the
oxygen series : thus water, H,0, and sulphuretted hydro-
gen, H,S ; hydric dioxide, H,0,, and hydric disulphide,
H,S,; carbonic dioxide, CO,, and carbonic disulphide,
CS,, possess not only an analogous composition, but
similar ‘chemical properties, whilst similar relations are
seen in many of the compounds of these bodies.

Chlorine and Sulphur unite directly to form two com-
pounds, S,Cl, and SCl; ; they are formed by leading a
current of chlorine gas over melted sulphur, and are volatile
liquids, the first boiling at 138°, and the second at 64°.
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LESSON XIV,

SELENIUM.* Symbol! Se. Combining Weight 795,
Density 79s.

Selenium is an element which closely resembles sulphur
in its properties, but it occurs in very small quantities ; it
was discovered by Berzelius, who found it accompanying
sulphur in certain varieties of Swedish pyrites. Selenium
also occurs free in nature, and is found in combination
with metals in certain rare minerals. Like sulphur, it is
capable of existing in various allotropic modifications, one
of which is crystalline, the other vitreous ; the crystalline
form is obtained when selenium is deposited from solution
in carbonic disulphide ; the vitreous modification results
from the cooling of melted selenium. The specific gravity
of the former variety is 4'5 ; that of the latter, 47. Crys-
talline selenium melts at 217° and boils at a temperature
below a red heat, giving off a deep yellow vapour; vitreous
selenium softens at a temperature a little above the boiling
point of water, and remains in a plastic condition for some
time. In a finely divided state, and when seen by trans-
mitted light, selenium has a red colour. It burns in the
air with a bright blue flame, which, when examined by
means of the spectroscope (. 231),exhibits a series of mag-
nificent and cgaracteristic bands. The smell of burning
selenium is very peculiar, resembling that of rotten cab-
bages, and is due to the formation of an oxide, the compo-
sition and properties of which are, however, as yet unknown.
Selenium forms two well-defined oxides, selenic dioxide,
SeQ,, and selenic trioxide, SeO, ; this latter, however, has
not as yet been isolated, but the acid and salts corre-
sponding with it, and those corresponding with the dioxide,
are well known, and correspond exactly with the analogous
sulphites and sulphates : they are hence called selenites
and selenates.

* From Zehivn, the moon.
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Selenic Dioxide. Symbol SeO, Combining Weight
111°5. * This compound is formed when selenium is burnt
in the air, or in pure oxygen. It may be prepared, too, by
oxidizing selenium in nitric acid or aqua regia. ~Selenic
dioxide 1s' a white crystalline mass, capable of dissolving
in water, and thus forming selenious acid, Hy SOg. From
this solution selenium is at once deposited’ on addition
of sulphurous acid, sulphuric acid being formed, thus:

H,Se0; + 250, + H;0 =2(H, SO,) + Se.

The metallic selenites correspond closely with the
sulphites. )

Selenic Acid, or Di-kydric Selenate. Symbol H,;SeO,.

This is best prepared by fusing a selenite with nitre ; on
addition of a lead salt to the solution of the mass thus
obtained, insoluble lead selenate is precipitated; this salt
is decomposed by sulphuretted hydrogen yielding dihydric
selenate and lead sulphide, thus:

Pb SeO, + H,S = H,Se0, + PbS.

On evaporating the liquid obtained, selenic acid is left.

Selenic acid decomposes on heating into selenic dioxide,
oxygen, and water; the metallic selenates correspond to
the analogous sulphates, and are Zsomorpkhous with them,
that is, they crystallize in the same forms and have an
analogous composition.

Seleniuretted Hyarogen, or Di-hydric Selenide. Symbol
H,Se. Combining Weight 81'5. Density 40°75.

This gas is obtained by the action of an acid upon a
selenide, exactly as sulpKuretted hydrogen is prepared
from a sulphide. It is a colourless inflammable gas, pos-
sessing a nauseous smell, and exhibiting properties in
every respect analogous to those of its sulphur representa-
tive. The most important difference between the two
elements, sulphur and selenium, is that the former is
oxidized to its highest point by the action of nitric acid,
whereas the latter requires to be fused with nitre in order
to reach the corresponding degree of oxidation,
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TELLURIUM. Symbol Te. Combining Weight 129.
Density 129.

Tellurium (from 7ellus, the earth) is a very rare sub-
stance, which, although resembling a metal in 1ts physical
properties, bears so strong an analogy to sulphur and
selenium in its chemical relations, that its compounds are
best considered in this place. It occurs combined with
gold and other metals in Transylvania and Hungary. The
specific gravity of tellurium is 6°25, and it exhibits a bright
white metallic lustre. It melts at about 500°,and may be
volatilized at a white heat in a current of hydrogen gas.
When heated in the air it burns with a bluish-green flame,
forming white fumes of Ze//uric dioxide,; this compound
is also formed when tellurium is oxidized by nitric acid,
and the solution evaporated to dryness. With water the
dioxide forms Zellurous acid, H, TeOg, and with metals in
place of hydrogen, tellurites of the general form, M, TeO,.
When tellurium or a tellurite is fused with nitre, potas-
sium tellurate, K, TeO,, is formed, from which telluric acid,
H, TeO, + 2H,6, antf the trioxide TeOj, can be obtained.
Wﬂith hydrogen, tellurium forms a colourless gas, H,Te,
which cannot be distinguished by its smell from sul-
phuretted hydrogen. i

Oxygen, sulphur, selenium, and tellurium, appear to
form a natural group of elements, each uniting with two
atoms of hydrogen to form a series of bodies possessing
analogous properties, viz. H,O, H,S, H,Se, Hy;Te. The
last three members of the group exﬁibit the same kind of
striking gradation of properties as was noticed in the case
of chlorine, bromine, and iodine. Thus the mean of the
combining weights of the two extremes is nearly the com-

bining weight of the mean 32——+zﬁ= 80'5; whilst their

specific gravities, 2'0, 4'5, and 625, and their melting and
boiling points show a similar gradation. )
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SILICON. Symbol Si. Combining Weight = 28.

Silicon, next to oxygen, is the most abundant element
known. It does not occur, however, in the free state, but
always combined with oxygen to form silicic dioxide
(silicic acid, or silica). Silicic dioxide exists nearly pure
in quartz or rock crystal, in flint, sand, and in a variety of
minerals. Silicon also occurs combined with metals and .
oxygen, forming metallic silicates; and of these the greater
part of almost all known rocks, especially the primary
rocks, is composed.

In order to obtain silicon in the free state, a com-
pound of this substance with fluorine and potassium
is heated with metallic potassium; a violent reaction
occurs, and when the contents of the tube in which the
decomposition was effected are put into water, silicon is
left undissolved in the form of a brown amorphous
powder. Silicon can be obtained in three different modi-
fications—amorphous, crystalline, and graphitoidal, corre-
sponding to the modifications of carbon. The graphite
form of silicon is prepared by heating the brown amor-
phous powder to a high temperature, when the mass
contracts, and becomes much more dense. Crystalline
silicon is best obtained by fusing the mixture which gives
brown silicon with zinc: on cooling the mass, crystals of
silicon are found to be deposited on the zinc, which latter
can easily be removed by solution in an acid. Silicon
thus obtained is hard enough to scratch glass; it has a
specific gravity of 2°49, and may be fused at a temperature
between the melting points of cast iron and steel.

Silicic Dioxide, or Silica, Symbol Si O, Combining
Weight 60, is the only known oxide of silicon; it occuts in
the pure state crystallized in six-sided prisms or pyramids,
as quartz, and exists in a less pure condition in sandstone,
chalcedony, flint, and agate, &c. The aluminium-, potas-
sium-, calcium-, and irof-silicates, mixed together in dif-
ferent proportions, constitute a large number of minerals.
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Crystallized silica, in the form of white transparent
quartz, has a specific gravity of 2'6, and is hard enough to
scratch glass; it is unattacked and undissolved by all acids
with the exception of hydrofluoric acid, by the action of
which silicic tetrafluoride and water are produced, thus:

Si0, + 4HF = SiF, + 2H,0.

Silica is infusible except at the highest temperature of
- the oxyhydrogen blowpipe, when it melts to a colourless
globule. Silica in an amorphous condition can also be
prepared, and then exhibits peculiar properties. For this
Eurpose one part of finely divided quartz or white sand is
eated with four parts of sodium carbonate; as soon as
the latter begins to fuse, the silica combines with the
sodium and oxygen contained in the carbonate, carbonic
acid, CO,, being evolved with effervescence, owing to the
formation of a sodium silicate. If the fused mass be
boiled with water, it will dissolve, and on the addition of
hydrochloric acid, silicic acid, H, Si O,, partly separates
as a gelatinous mass, partly remains dissolved in the
liquid. If this solution be evaporated to dryness and
heated a little, and hydrochloric acid then added, silicic
dioxide is left as a white powder insoluble in acids ; this
amorphous silica possesses a specific gravity of 2-2 to 2'3,
and can only be obtained again in solution by repeating
the process of fusion with an alkali, &c. A pure aqueous
solution of hydric silicate can be obtained by allowing
the solution of this substance in hydrochloric acid to
dialyse, or diffuse through a membrane, for some days.
All the hydrochloric acid and soluble chlorides in this
solution being crystalloids pass through the dialyser,
while the colloidal hydric silicate remains behind in solu-
tion : the limpid solution thus obtained may be concen-
" trated by boiling until the quantity of hydric silicate in
solution reaches 14 per cent.: but this solution is apt
to gelatinize' on standing, forming a transparent jelly-like
mass. _
Potassium and sodium silicates are largely used for
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various purposes in the arts, whilst a mixture of these
with calcium, iron, and lead silicates, forms the several
descriptions of glass(p.182). Some remarkable compounds
of silicon with oxygen and hydrogen have lately been
discovered, but their composition has not yet been accu-
rately determined. A compound of silicon and hydrogen
termed Siliciuretted Hydrogen is also known: it has,
however, not been obtained in the pure state ; it is colour-
less, and takes fire on coming into contact with the air,
forming silica and water. )

Silicic  Tetra-ckloride. Symbol SiCl, Combining
Weight 170. Density 83.

. This compound is formed when silicon is heated in
chlorine, but may be prepared by passing dry chlorine
over a red-hot mixture of finely-divided silica and carbon.
Chlorine alone is not able to decompose silica, but in
presence of carbon a change is affected, carbonic oxide
being at the same time formed. :

Si0, + Cl, + C, = SiCl, 4+ 2 CO.

Silica, chlorine, and carbon yield silicic tetrachloride and
carbonic oxide. Fig. 36 shows the arrangement employed

Fig. 36.

for preparing this body ; the mixture of silica and carbon
is placed in a porcelain tube, which can be strongly heated
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by the furnace ; dry chlorine gas is passed through
the tube, and the volatile silicic tetrachloride collects in
the cooled tube. Silicic tetrachloride is a volatile colour-
less liquid, boiling at 59° C, and having a specific gravity
of 1°52. It is at once decomposed by water, silicic and
hydrochloric acids being formed ; hence we may see that
this body in the chlorine series corresponds to silicic
dioxide in the oxygen series, and that in the formation of
the chloride four atoms of chlorine simply replace its
equivalent quantity, two atoms of oxygen, in the silica :
S10, becomes SiCl,, as one atom of oxygen is equivalent
to two of chlorine.

Silicic Tetra-fluoride. Symbol SiF,, Combining
Weight 104. Density 52.

This is one of the most singular compounds of silicon ;
it is formed whenever free hydrofluoric acid comes in cor-
tact with either free or combined silica ; this is the cause
of the etching which hydrofluoric acid exerts upon glass.
Silicic tetrafluoride is best prepared by heating in a flask
equal parts by weight of finely-powdered fluor spar, and
white sand, with about eight parts of sulphuric acid : the
decomposition first occurring is the one by which hydro-
fluoric acid is generated, and this then attacks the silica,

thus:
1) CaF, 4 H,5S0, = Ca SO, 4 2HF.
2) 4HF + S10, = 2H,0 4 SiF,.

Silicic tetrafluoride is a colourless gas which fumes
strongly in the air ; it does not burn nor support combus-
tion, and may be condensed by great pressure, or exposure
to a very low temperature, to a colourless liquid ; it is de-
composed by water, but may be collected over mercury or
by displacement ; when led into water this gas yields
hydric silicate, which is deposited in a state of fine division,
and a new acid called hydrofluo-silicic acid, or hydric silico-
fluoride, having the composition H, Si Fy, which remains
in solution. This substance has an acid reaction; the
corresponding potassium- and barium silico - fluorides
(K,;SiFg and Ba SiFg) are insoluble in water and alcohol.



XIv.] BORACIC ACID. 129

BORON. Symbol B. Combining Weight 11°0.

Boron combined with oxygen and sodium is found as
- dorax in nature ; it is also found combined with oxygen
alone as boracic trioxide (boracic acid). It exists, like car-
bon and silicon, in three forms—crystalline, graphitoidal,
and amorphous. Boron is easily obtained as a grey amor-
phous powder, by heating fused boracic trioxide, B,O,, with
sodium. Crystallized boron is prepared by heating the
amorphous form strongly with aluminium—this metal in
the fused state having the property of dissolving boron,
which separates out in nearly colourless crystals when the
metal cools, just as the graphitoidal form of carbon does
from its solution in iron on cooling (p.71). Scales of gra-
hitoidal boron are also formed in this way. Crystallized
goron has a specific gravity of 2°68, and occurs in the form
of octahedra, which are hard enough to scratch the ruby.
In one specimen of these colourless crystals which were
analyzed, some quantity of carbon was found to be pre-
sent ; hence carbon may be said to have been prepared
artificially in the diamond modification. Boron burns
when strongly heated in oxygen or in chlorine, forming
the oxide or chloride; it is remarkable as uniting with
nitrogen by direct combination—in this respect resem-
bling certain metals, such as titanium.

Boracic Trioxide (commonly called Boracic acid).
Symbol B;O;. Combining Weight 700,

In certain old volcanic districts in Tuscany constant
jets of steam and gas escape from the earth. These steam
jets, which are known as jfumerolles or soffiont, contain -
small quantities of boracic acid, HBO, + H,0, which
collect in the lagoons formed at the mouth of the jet. By
means of the heat of natural steam jets, the solution of
boracic acid is concentrated, and the acid obtained by
crystallization ; about 2,000 tons of crude acid thus pre-
pared are imported every year from Tuscany. Boron

K
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likewise occurs in tinkal or borax in Thibet, and as bos
racic trioxide on the coast of California. '

Real boracic acid is obtained by decomposing a hot solu-
tion of borax, Na, B,Oy, with sulphuric acid ; crystals sepa-
rate out on cooling, having the composition H BO, 4+ H,0.
These crystals on heating lose water and pass into a fused
glassy mass, consisting of boracic trioxide, BO;. Boracic
acid 1s slightly soluble in cold, and rather more soluble in
hot water ; it imparts a peculiar green tint to the blowpipe
flame, which exhibits a characteristic series of bands when
examined by means of the spectroscope. Metallic Borates
are known, and likewise several combinations of these
borates with boracic trioxide. Thus sodium borate, or
boracic acid in which the atom of hydrogen is replaced by
sodium, is Na BOg + 4H,0; whilst fused borax is this
salt combined with one molecule of boracic trioxide, thus:
2 Na BOy + B0, or Na; BO;. Compounds similar to
this latter salt are known amongst the sulphates. Thus
Nordhausen sulphuric acid is HgSO, 4 SO, and a
sodium compound, Na; SO, 4 SO,, is known. Many of
the metallic oxides are soluble in fused borax, giving
coloured glasses. Hence this compound is largely used
in the arts as a flux, and in the laboratory as a blowpipe
re-agent.

Boron combines with chlorine to form a #rickloride,
BCl,, and with fluorine to form a corresponding #riffuoride,
BF;; both these compounds are prepared by a method
similar to that adopted for the corresponding silicon com-
pounds, to which, notwithstanding their slightly different
constitution, they bear a strong resemblance. Like silicon
also, boron forms a borofluoride : hydrofluoboric acid (or
hydric borofluoride), is HBF, and potassium boroflu-
ride, KRF,, , .
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LESSON XV.

PHOSPHORUS. Symbol P. Combining Weight 31.
Vapour Density 62.*

Phosphorus does not occur free in nature, but is found
in combination with oxygen and calcium in large quan-
tities in the bodies, and especially the bones, of animals,
and in the seeds of plants. When bones are burnt, a
white solid mass is left behind; this is called Calcium
Phosphate (phosphate of lime). Animals obtain the phos-
phate necessary for the formation of their tissues; &c.,
from plants. Plants, again, draw their supply from the
soil; whilst soils derive their phosphate from small quan-
tities existing in the oldest granite rocks, by the disinte-
gration of which the fertile soils have been produced.
Phosphorus appears also to be a very necessary ingredient
in the brain and other centres of the nervous action. It
was accidentally discovered by Brand of Hamburg in
1669 ; but Scheele, in 1769, pointed out the existence of
phosphorus in the bones, and examined its properties
caretully.

Phosphorus is prepared from powdered bone-ash, by
mixing it with two-thirds of its weight of sulphuric acia
and 135 to 20 parts of water. The sulphuric acid decom-
poses the bone-ash, forming calcium sulphate, or gypsum,
which separates out as a white insoluble powder ; whilst
the greater part of the phosphorus in the bones comes
into solution in combination with calcium, oxygen, and
hydrogen, forming a salt, commonly known as superphos-
phate of lime. The liquid is drawn off clear, evaporated

* The volume occupied by the atom of Fho horus weighing 31 is only
haif as large as that occupied by the atoms of each of the preceding elements: -
o l‘:pce the atomic volume of phosphorus is §, that of the preceding elements
ing 1. -
K2
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down to a syrup, and then mixed with powdered charcoal,
dried, and heated to redness in an earthenware retort, the
neck of which dips under water. The superphosphate
may be considered to contain phosphoric pentoxide, P4Oy,
from which the carbon takes away the oxygen, forming
carbonic oxide, and liberating phosphorus, which distils
over and condenses under water in yellow drops.
Phosphorus is an exceedingly inflammable and oxidiz-
able substance, and requires great care in its preparation;
it is manufactured on a ve?' large scale for making the
composition for the tips of lucifer matches. In order to
purify the phosphorus thus prepared, it may again be dis-
tilled, or pressed when melted under hot water through
leather ; it is then cast into sticks and kept under cold
water. Phosphorus is a slightly yellow semitransparent
solid, resembling white wax both in appearance and con-
sistency; but at low temperature it becomes brittle. . Its
specific gravity is 1'83, and it melts at 44° forming a
transparent liquid ; it boils at 290° giving rise to a colour-
less gas. In the air it gives off white fumes, emitting a pale
hosphorescent light in the dark—whence its name (¢pés,
ight, and ¢épa, 1 bear ; Jucifer, from lux, light, and fero,
1 bear, is its literal Latin equivalent); it is then undergoing
a slow combustion, the white fumes consisting of trioxide.
At a temperature very little above its fusing point phos-
phorus takes fire in the air, entering into active combus-
tion, and forming phosphoric f;5ent¢wz'afe, P,0, (phosphoric
anhydride). The ignition of phosphorus takes place by
slight friction, or by a blow, and even the heat of the hand
may cause this substance to ignite; hence great care must
be taken in handling phosphorus, and it should always
be cut under water. Phosphorus does not dissolve in
water, alcohol, or ether, but it is slightly soluble in oils,
and very readily soluble in carbonic disulphide, crystallizing
from its solution in this liquid in rhombic dodecahedra.
~If yellow phosphorus be exposed to a temperature of
about 240° for some hours in an atmosphere incapable of
acting chemically on it (such as hydrogen or carbonic «
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-acid), it is found to have undergone a vef[}; remarkable
change, being wholly converted into a dark red opaque
substance altogether insoluble in carbonic disulphide. The
weight of red substance produced is exactly equal to that
of yellow phosphorus used. This is called Red, or Amor-
phous Phosphorus, and differs much in its properties
from the yellow modification, especially in its inflamma-
bility, as it does not take fire in the air until heated to
above 260° when it becomes reconverted into the ordinary
form and burns with the formation of phosphoric pentox-
ide. The specific gravity of amorphous phosphorus is 2°14.
The sudden conversion of yellow into red phosphorus can
be shown by heating a small piece of ordinary phosphorus
in a dry tube with a mere trace of iodine ; combination at
once occurs, a small trace of volatile phosphoric iodine is
formed, and the remainder of the phosphorus is converted
into the red modification. The red or amorphous modifica-
tion of phosphorus can also bg obtained in a crystallised
form by heating red phosphorus in a tube with metallic
lead. The phosphorus dissolves in the melted lead, and on
cooling separates out In crystals, which possess a bright
black metallic lustre, and have a specific gravity of 2°34.

Phosphorus forms two oxides, phosphoric trioxide,
P;0,, and phosphoric pentoxide, P;0;. .

P}to.gﬁlwric Trioxide, or Phosphorous Anhydride.
Symbol P;0;.  Combining Weight 110. .

This oxide is formed when phosphorus is burnt in a
limited current of dry air when it undergoes slow com-
bustion. It forms a white non-crystalline powder which
. combines with great energy with water, forming thereby
phosphorous acid, or hydric phosphite, Hy PO, This acid
is likewise formed when phosphorus is allowed gradually
to oxidize in moist air, and also by the action of phos-
phoric trichloride on water, thus : .

PCl, + 3H,0 = H,PO, + 3HCL
Phosphoric trichloride and water give hydricphosphite
and hydrochloric acid.
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By boiling this solution the hydrochloric acid is driven
off, and, on cooling, crystals of phosphorous acid are de
posited. There are two classes of metallic phosphites—
the one contains those which correspond to phosphorous
acid in which two atoms of hydrogen have been replaced
by metal; and the second containing those in which one
atom only of hydrogen has been thus replaced : the general
forms of the two will therefore be MyH POgand MH, PO,
the letter M denoting an atom of a monatomic metal.

Phosphoric Pentoxide (Phosphoric Anhydride). Symbol
P,0,. Combining Weight 142.

This substance is gormed when phosphorus burns
brightly in excess of air or oxygen; it is a white amor-
phous light powder, which absorbs moisture with the
utmost avidity, forming hydric phosphate or phosphoric
acid, H3 PO, ; it is for this reason frequently used in the
laboratory for the purpose of drying gases. Phosphoric
pentoxide is volatile, and may be sublimed unchanged
by heating in a test tube.® It can be best prepared by
burning small pieces of phosphorus placed one by one in
a cup hung in the centre of a large dry glass globe, and
blowing in a sufficient supply of dry air by means of a
bellows or aspirator. The white powder falls down, and

-may be shaken out of the globe when the operation is
completed. :

Trihydric Phosphate(Tribasic Phosphoric Acid). Symbol
H; PO,. Combining Weight 8.

When the preceding compound is brought into contact
with water, great heat is evolved, and combination takes
place with a hissing noise. If the solution be boiled, tri-
hydric phosphate is found in solution, being formed thus:

. POy + 3 H,0 = 2(H; PO,).

Phosphoric pentoxide and water give trihydric phos-
phate. ’

The corresponding calcium salt, Ca, 2PO,, occurring 1n
bone-ash and in many minerals, constitutes the main
source of all the phosphorus compounds. Trihydric
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phosphate is also formed when phosphorus is heated
with nitric acid : the lower oxides of nitrogen are given
off as red fumes, and the phosphorus gradually dis-
appears; by evaporating, and boiling the colourless liquid,
trihydric phosphate may be obtained. - The same sub-
stance is procured directly from - bone-ash by frequent
addition of sulphuric acid and continued evaporation:
gypsum gradually separates out, leaving a solution from
which hydric phosphate can be obtained by neutralizing
with ammonium carbonate, filtering, evaporating to
dryness the clear liquid thus obtained, and igniting the
residue. If sodium carbonate be added to a solution of
trihydric phosphate, effervescence will at once ensue from
the liberation of carbonic acid, and if the carbonate be
added until the solution ceases to redden litmus paper, a
salt will be obtained on evaporation which crystallizes in
large transparent prisms. This is rkombic or common
neutral sodium phosphate; its composition is represented
by the symbol Na,H PO,, with twelve atoms of water of
crystallization. If caustic soda be added to a solution of
this common, phosphate, a salt termed the swéphosphate
crystallizes out in small needles on evaporation : the com-
position of this salt is Nag PO, with twelve atoms of
water of crystallization; and if pixosphoric acid be added
to a solution of common phosphate, the so-called Sodzu»
superphosphate is formed, Na HyPO,, We have there-
fore the following tribasic hydric and sodium phosphates.

Trihydric Phosphate . . . . H, PO,
Dihydric Sodium Phosphate . HyNa PO,
Hydric di-Sodium Phosphate . H Na, PO,
Tri-Sodium Phosphate . . . Naz PO,

All these substances are distinguished by giving a
yellow precipitate with solution of silver nitrate consisting
of tri-silver phosphate, AgzPO,; and by producing with
ammonia and magnesium sulphate a white crystalline
precipitate of ammonium magnesium phosphate, (NH,)
MgPO,. Small traces of phosphates can readily be
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detected by the yellow precipitate which forms in nitric
acid solution of ammonium molybdate. The three atoms
of hydrogen in trihydric phosphate may be replaced by
three different metals ; thus, Microcosmic Salt is Hydric-
sodium-ammonium Phosphate, H Na NH, PO,.

If common sodium phosphate be heated to redness,
water is driven off, and a compound called Sodium pyro-
phosphate remains, having the composition Na, P;0,, two
molecules of neutral phosphate yielding one of‘ pyrophos-
phate, thus:

2 Na, H PO, =H,0 + Na, P,0,.

When this salt is dissolved in water, it can be re-
crystallized, and does not take up water again so as to
pass back to the state of common phosphate (except on
long-continued boiling of its solution). This substance
gives with silver nitrate a whzfe precipitate of silver pyro-
phosphate, Ag,P;O0,, and thus this class of phosphates
may be distinguisﬁmed from the preceding or tril‘))asic phos-
phates. A so-called acid sodium pyrophosphate, having
the composition NagHy POy, is also known.

If microcosmic salt, Na (NH,) H PO,, is heated, water
and ammonia are driven off, and a substance called
Sodium metaphosphate, NaPOy, is left; this dissolves un-
altered in water, forming one of a third class of phos-
phates termed monobasic phosphates or metaphosphates.
The solutions of these salts may be distinguished from those
of the two preceding classes of salts by their producing
gelatinous precipitates with solutions of calcium and silver
salts consisting of the metaphosphates of these metals.
Monohydric phosphate (or metaphosphoric acid), HPO,,
is obtained in the form of a transparent icelike mass by
evaporating the solution of trihydric phosphate and igniting
the residue. On dissolving this glacial acid in cold water,
a solution of manohydric phosphate is obtained, but this,
on boiling, changes to the trihydric phosphate.

From the above it is seen that three modifications of
phosphoric acid are known, or rather, three different
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acids, each giving rise to a class of metallic salts. Thus
we have— :

(1) Tri-hydric phosphate, or phosphoric acid, Hy PO,,
and tri-sodium phosphate, Na; PO,.

(2) Tetra-hydric pyrophosphate, or pyrophosphoric acid,
H,P,0,, and sodium pyrophosphate, Na, P,0O;.

(3) Mono-hydric phosphate, or metaphosphoric acid,
HPO,. and sodium metaphosphate, Na PO,.

Each of the above hydric phosphates can be prepared
by passing sulphuretted hydrogen through water con-
taining in suspension the corresponding silver salts; thus:

(1) 2(Agy POy + 3(H,;S) = 2(H, PO, + 3(Ag, S).

(2) Ag, Pf,o7 + 2(H,S) = H, P,0, -+ 2(Ag,S).

() 2(Ag PO) + (HyS) = 2(HPO) + Ag,S.

In addition to the ghosphates and phosphites, a class of
salts termed Hypophosphites is aiso known: the com-
position of kydric hypophosphite is represented by the
formula H PH,0,, and that of sodium hypophosphite
by Na PH,0,; and these salts may be supposed to be
hydric or sodium metaphosphate, HPO,, and Na PO,, in
which one atom of oxygen has been replaced by its
equivalent, or two atoms of hydrogen. Sodium hypo-
phosphite is obtained by acting with caustic soda on
phosphorus, when phosphuretted hydrogen gas is evolved,
and a solution of hypophosphite remains behind.

Phosphorus and Hydrogen. Three compounds of phos-
phorus and hydrogen are known — PH,, a gas; PH, (or
P; H,), a liquid ; and PyH (or Py Hy), a solid substance.

Phosphuretted Hydrogen. Symbol PHg Combining
Weight 34. Density 17.

This gas is obtained in the pure state by the decom-
position of hydric phosphite, or hydric hypophosphite,
but it is generally prepared by the action of caustic
potash on phosphorus.

3 KHO + P, 4 3H,0 = 3 KPH, O, 4 PH,.

Caustic potash, and ghosphorus, ancf water, give potas-
sium hypophosphite and phosphuretted hydrogen.
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Each bubble of the gas thus prepared takes fire spon-
taneously on coming into contact with the air, forming
singular rings of phosphoric pentoxide, which expand as
they rise. This self-inflammability of the gas depends
upon the presence of small quantities of the liquid hydride
PgH,, which may be condensed to a volatile and very
inflammable liquid by passing the gaseous hydride through
a tube cooled by a freezing mixture. Pure phosphuretted
hydrogen prepared from hydric phosphite by heat, does
not undergo spontaneous combustion in the air. This mode
of formation may be thus represented : .

4(H, POy = 3(H, PO,) + PH,

Hydric 1l:hosphite gives trihydric phosphate and phos-
phuretted hydrogen.

There is some doubt about the exact formule of the
other two hydrides: the formule Py H, and P, H, are in
accordance with their physical states, and are, on certain
other theoretical grounds, to be preferred to PH, and P,H.

Phosphorus and Chlorine. Two chlorides of phosphorus
are known—~Phosphoric trichloride, PCly, and Phosphoric
pentaciloride, PCl;, The first of these is a colourless
strongly fuming liquid, which is easily formed by passing
a current of chlorine gas over phosphorus contained in a
retort: when thrown into water it sinks down as a heavy
oil, but is gradually decomposed, hydric phosphite and
hydrochloric acid being formed (see p. 133). The specific
gravity of the trichloride is 1'45, and its boiling point is
73°8.  Phosphoric trichloride rapidly absorbs chlorine gas
and is converted into the pentachloride, a yellowish solid
substance, which is also formed when phosphorus is burnt
in an excess of chlorine.” Phosphoric pentachloride is
decomposed in presence of excess of water, forming tri-
hydric phosphate and hydrochloric acid; but when only
a limited quantity of water is present, a liquid termed
phosphoric oxichloride is formed, having the composition
PCl;0, and boiling at 110°. Corresponding compounds
with bromine are likewise known. With sulphur, phos-.
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Fhorus forms several compounds, and it is an interesting
act that two of these compounds, P,S; and P,S;, corre-
spond in composition with the oxides lz",,Os and P,O;. The
oxide corresponding to P,S, however, is as yet unknown.

LESSON XVI.

ARSENIC. Symbol As. Combining Weight 75. Den-
sity of Vapour 150.%

Arsenic closely resembles phosphorus in its chemical
properties and in those of its compounds, although in
ghysical characters, such as specific gravity, lustre, &c., it

ears a greater analogy to the metals: indeed, it may be
considered the connecting link between these two divisions
of the elements, antimony and bismuth being closely
connected with it on the one hand, and phosphorus and
nitrogen on the other. Arsenic is sometimes found in the
free state, but more frequently combined, chiefly with
iron, nickel, cobalt, and sulphur. It is also contained in
very small quantities in many mineral springs. In order
to separate arsenic from any of the metallic ores in which
it dccurs, the ore is roasted, or exposed to a current of
heated air in areverberatory furnace ; the arsenic combines
with the atmospheric oxygen, forming arsenic trioxide or
arsenious oxide, As, O, which is carried in the state of
vapour from the furnace into long chambers or flues in
which the trioxide (commonly known as arsenious acid, or
white arsenic) is deposited. Metallic arsenic may be
prepared from this oxide by mixing it with charcoal and
sodium carbonate, and heating in a closed crucible, the
upper part of which is kept cool : arsenic condenses in the
cool part of this apparatus as a solid with a brilliant

* The volume occugied by an atom of (gaseous) arsenic wdghmg 75 is.only
half of that occupied by the other el g lly ; in this resp ?
resembles phosphorus.
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grayish lustre. It tarnishes in the air from oxidation ; it has
a specific gravity of 57 to 5°9, and when heated to dull red-
ness, it volatilizes as a colourless vapour without undergoing
fusion, and this vapour possesses a remarkable garlic-like
smell. Arsenic when heated in the air takes fire, and
burns with a bluish flame, forming arsenious oxide, Asg-Oj;
when thrown into chlorine it instantly takes fire, forming
arsenic trichloride, AsCl

Oxides of Arsenic. Two compounds of arsenic and
oxygen are known. (1) Arsenic Trioxide or Arsemious
Oxide, As, O, (arsenious acid or white arsenic). (hz) Arsenic
Pentoxide or Arsenic Oxide, As,Oy (arsenic anhydride).

Arsenious Trioxide. Symbol As, O Combining
Weight 198. Density (of vapour) 198.

This substance is formed when arsenic is burnt in the
air or in oxygen, but it is generally prepared by roasting
arsenical pyrites, Fe SAs ; its specific gravity is 3°6. It exists
in two distinct forms, the crystalline and the vitreous; it
occurs in the first modification crystdllized in brilliant
octahedra, and in the second as a semi-transparent glass-
like solid, devoid of crystalline structure: this form of
the substance, on standing, becomes opaque like porcelain,
diminishing in specific gravity. Arsenious oxide is feebly
soluble in water; the solution (which may be considered to
contain true arsenious acid or trihydric arsernite, Hy As Oy,
analogous to phosphorous acid) has a feebly acid reaction :
it dissolves more readily in hydrochloric acid, and is
freely soluble in solutions of the alkalies, arsenites being
formed of the general form M AsOy; thus, trisilver arse-
nite is Ags AsO;. The alkaline arsenites are soluble in
water ; those of the metals of the alkalire earths and
heavy metals are insoluble in water. Sodium arsenite is
used largelyin calico printing ; Scheele’s green and Emerald
green are compounds containing arsenious trioxide and
copper, both of which are made in-large quantities for
employment as a pigment. All the soluble arsenites are
dreadfully poisonous; the best antidote is freshly prepared
ferric hydrate (hydrated ferric oxide), or magnesia, which
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form insoluble arsenites, and thus prevent the poison from
entering into the system. When heated to about 220° C,
arsenious oxide volatilizes without melting, forming an
inodorous and colourless vapour. It is occasionally met
with crystallized in long needles of the same form as the
crystals of the corresponding oxide in the antimony series
(see p.208.) -

Arsenic Pentoxide or Arsenic Oxide (arsenic anhydride).
Symbol As, O;. Conibining Weight 230.

This oxide is obtained by acting upon the trioxide with
nitric acid, evaporating to dryness, and heating to a
temperature of 270°. It forms a non-crystalline white
powder, which, when strongly heated, decomposes into
Asg0; and Oy, This powder is readily dissolved by water,
and tﬁe solution yields crystals of arsenic acid, or trihydric
arsenate, Hg AsO, : the metallic compounds corresponding
to this are called arsenates, and resemble the corresponding
tribasic phosphates (p. 135) in composition, whilst they are
identical with them in crystalline form. Thus we have,

Tri-Sodium Arsenate . . . Nzlz\iASO4 + H,0.
Hydric Di-Sodium Arsenate HNa,AsO,+12H,0.
Di-hydric Sodium Arsenate. HyNaAsO,4H,0.
Tri-hydric Arsenate . . . HzAsO,

With solutions of magnesium and ammonium together,
soluble arsenates, like phosphates, form an insoluble pre-
cipitate, having the composition NH, Mg AsO, 4 6H,0
(ammonium magnesium arsenate). The arsenates of the
alkaline metals are soluble, those of the other metals
insoluble in water. Tri-silver arsenae is a characteristic
salt of a brownish-red colour, whereas tri-silver arsenzze
has a bright yellow tint. Arsenic acid acts as a still more
powerful poison than arsenious acid. _
No arsenates corresponding to the pyro- and meta-
ﬁhosphates have been, as yet, obtained ; compounds
aving the composition H, As; O;, and H AsO; have
been indeed prepared by heating a”tribasic salt; but on
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solution in water they combine again with it and present
only the characteristics of the tribasic acid.

Arsenic _and Hydrogen. - Arseniuretted Hydrogen.
Symbol AsH;. Combining Weight 78. Density 39.

This compound, which corresponds to phosphuretted
hydrogen, and to ammonia, is formed by decomposing
an alloy of arsenic and zinc with sulphuric acid. Itis a
colourless gas, possessing a feetid odour of garlic, and
acts as a most deadly poison, a single bubble of the pure
gas having been known to act fatally: when cooled to
—40° it condenses to a colourless liquid. Arseniuretted
hydrogen burns with a bluish flame and deposits arsenic
upon a cold body held in the flame : below a red heat 1t
is decomposed into arsenic and hydrogen.

Arsenic unites with chlorine, bromine, and iodine, to
form arsenic trichloride, tribromide, and triiodide. The
trichloride is a colourless volatile liquid, boiling at 132°,
which decomposes in contact with water, yielding arsenious
and hydrochloric acids. ZTkree sulphides of arsenic are
known—Arsenic Disulphide, As,S,, which occurs naturally
as Realgar; Trisulphide, As,S,, also occurring in nature as
Orpiment ; and Pentasulphide. As; S;.  Orpiment may be
obtained by passing a stream of sulphuretted hydrogen gas
through the acid solution of the corresponding oxide, when
it is precipitated as a yellow powder. The arsenic sul-
phides form with the sulphides of the alkaline metals com-
pounds bearing the same a.nalo%y to the tri-sulphide and
penta-sulphide that arsenites and arsenates do to the tri-
oxide and pentoxide : in short, these compounds are sul-
phur salts, the arsenites and arsenates being oxysalts ;
hence they are called su/pkarsenites and su/pharsenates.

Arsenic possesses characters of so peculiar a kind, that
its presence even in very minute traces can be detected
with certainty. From its solutions it can be precipitated
as sulphide, by the aid of sulphuretted hydrogen: and
this sulphide, when dried and fused in a small test tube
with a mixture of potassium cyanide and sodium car-
bonate, yields a ring of metallic arsenic: on heating, the
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metal is oxidized to the trioxide, which deposits in minute
octahedral crystals. These, when boiled with water, yield
a solution giving a bright green precipitate with neutral
copper solutions, and a bright yellow one with neutral
silver salts. Arsenic in solution may be also detected by
the evolution of arseniuretted hydrogen, on adding zinc
and sulphuric acid to the solution to be tested: on
burning the gas, arsenic is deposited in the metallic state
upon a piece of cold porcelain held in the flame. This
mirror dissolves in solution of sodium hypochlorite ; and
if treated with nitric acid, and the solution neutralized,
yields with silver nitrate solution a red precipitate of tri-
silver arsenate. Many compounds of arsenic heated on
charcoal in the inner blowpipe flame give a garlic odour
of arsenic. Solutions containing arsenic boiled with hydro-
chloric acid and clean copper, deposit a coating of arsenic
upon the copper : this coating, on drying and heating in a
test tube, gives a ring or mirror of arsenic, which may be
oxidized to trioxide and tested as before. By these, and
other reactions, the presence of the minutest portion of
arsenic may be detected with certainty.

The general chemical analogy between nitrogen, phos-
phorus, and arsenic, is well seen when their correspond-
ing compounds are examined ; thus the hydrides, oxides,
and chlorides, have an analogous composition.

N,0;, N,O; NH, NCL@
P,0; P,0, PH, PCl,
As,O4 As,O; AsH; AsCl,

These three elements are all Zriafomic, that is, one
atom of each of these bodies is equivalent to, and capable
of, rgplacing three atoms of hydrogen. Antimony and
bismuth (see pp. 207,210) exhibitin their chemicai relations
a striking resemblance to the foregoing group.

Atomicity of the Elements.

If we compare together the comcfounds of the preceding
elements with hydrogen, we find that the molecule of
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certain of these compounds contains one atom of hydro-
gen ; that is to say, the combining weight (or two volumes)
of the compound contains the combining weight (or one
volume) of hydrogen ; whilst the molecule of others con-
tains two atoms of hydrogen ; that is, two volumes of the
compound contains two volumes of hydrogen: in others,
the molecule contains three or four atoms of hydrogen,
united in each case to one atom of some other element.
Thus one atom, or one volume of chlorine, bromine, iodine,
or fluorine, combines with one atom or orze volume of
hydrogen to form one molecule, or two volumes of the
several hydracids, hydrochloric, and hydrobromic, &c. :
whilst one volume of oxygen, sulphur, and selenium, on
the other hand, unites with 7o volumes of hydrogen to
form two volumes or one molecule of water gas, or sul-
phuretted hydrogen. One volume of nitrogen (or fourteen
parts by weight), and half a volume of arsenic and phos-
phorus (or, respectively, seventy-five and thirty-one parts
by weight) unite, on the other hand, with #&re¢ volumes
of hydrogen (or three parts by weight) to form two volumes
or one malecule of ammonia, phosphuretted and arseniu-
retted hydrogen ; whilst twelve parts by weight of carbon
unite with foxr volumes -of hydrogen, to form the mole-
cule of the typical compound, marsh gas.

Hence we come to distinguish the elements into groups,
according to their power of combining with, or replacing,
different quantities of hydrogen : thus we call chlorine,
bromine, iodine, and fluorine, monatomic elemments, or
monads; oxygen, sulphur, selenium (and tellurium), d7a-
tomic elements, or dyads, nitrogen, phosphorus, arsenic
(antimony, bismuth, and boron), Zréatomic elements, or tri-
ads ; carbon (and silicon), fetratomic elements, or tetrads.
The class of monads possess only one combining power,
or afomicity, while the dyads possess two, the triads three,
and the tetrads four such combinin; p'owers. In like
manner the metallic elements can be divided into classes
according to their atomicities, their power of combining
with chlorine and other monads being regarded as the
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measure of their atomicity, few compounds of metals with
hydrogen being known.

Not only can the elements thus be considered as pos-
sessing varying atomicity, but also those groups of ele-
mentary atoms, which act collectively as elements, and to
which the name of compound radicals is given. Thus,
nitric acid may, as we have seen, be considered as water,
in which one atom of hydrogen is replaced by the monad

radical, NOy; thus, waterII:II } O, nitric acid, NI-(I)Q} 0.

Nitric pentoxide is again nitric acid with the second atom
of hydrogen replaced by the same radical EO, 0=

N,O;. Sulphuric acid, on the other hand, may be con-
siéered as built up on the type of two molecules of water,
4n which two atoms of hydrogen are replaced by the dyad
radical SO, '

H . as Ha
Water H’} O, Sulphuric Acid un { O,
2 ' SO,

Again, phosphoric acid may be regarded as three molecules
of water, in which three atoms of hydrogen have been
replaced by the #réad radical PO ; thus—

I
H PO
mio g o
The atomicity of an element, or of a compound radical,
may be conveniently expressed by placing the Roman
numerals above the symbol for those wﬁich are not monads,
thus :
Im v n

H, 0, N, C, NO, SOy PO, &c.
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LESSON XVII.

THE METALLIC ELEMENTS.

THE metals are much more numerous than the non-
metallic elements ; there are fifty of the former, and only
fourteen of the latter : very many metals are, however,
found in small quantities, and the properties of these and
their compounds are but little known, so that in this work
we shall only consider the most important and commonly
occurring metals.

It has already been stated that the division of the ele-
ments into these two classes is one of convenience only,
and is not founded on any essential difference ; thus arsenic
and antimony may, in some respects, be consndered as
metals, and in others as non-metals.

All metals, with the single exception of mercury (a
liquid), are solid at the ordinary temperature ; they pos-
sess a high power of reflecting light, causing the bright,
glittering appearance known as the metallic lustre ; they
are better conductors of heat and electricity than the non-
metals, and, as a rule, they have a higher specific gravity
than these. The metals differ widely from each other,
both in their physical and chemical properties, and are,
accordingly, adapted for different uses ; those metals
which are lightest exhibit the greatest power of union with
oxygen, whilst the heavier metals undergo oxidation with
difficulty.

Physical Properties of the Metals.

Specific Gravity.—The following table, giving the
specific gravities of the must important metals (water at
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o° C = 1'00), shows the great vauatxon whlch they exhibit
in this respect :—

Table of Specific Gravities.

Iridium . , . . 218 |Iron. . . . . . 78
Platioum . . . . 2r5 [Tin. 73
Gold . . . . . 1993 |Zinc. . 71
Mercury . . . . 13°596]| Antimony . . 67
Thallium . . . . 11'9 [Arsenic. . . . . 59
Palladium. . ... 11’8 |Chromium .. 59
Lead . . . . . 113 |Aluminium . . . 26
Silver . . . . . 10§ "|Strontium. . : . 254 -
Bismuth . . . . o Magnesium . . . 17§
Copper. . . . . &9 |Calcium . -. . . 158
Nickel . ~ .+ . 88 |Rubidium. . . . 1352 -
Cadmium. . . . 86 |Sodium . . . . 0972
Cobalt . . . . . &5 |Potassium. . . . 0.865
Manganese . . . 8o |Lithium . . . . 0593

Fusibility—The melting points of the metals differ even
.more widely than their densities, mercury fusing at 40°
below zero, and platinum only melting at the highest tem-
perature of the oxyhydrogen blowpipe.

: Table of Melting Points.
Mercury . . . . .— 4o Silver . . . . .+ 1,000°
Tin. . . . . . +235 Copper . . . 1,090°
Bismuth . . . . . 270°| White Cast Iron . l,O§O°
Cadmium. . . . . 31 5° Grey ditto . l,zoo
lead . . . . . . 334 Steel . . .1 3oo to 1,400°

Zinc . . . . .. 423 Wroughtlronl.soo ton6oo°
Antimony . . . . 425° :

Some of the metals can be easily converted into vapour,
or volatilized ; thus mercury boils at 3?0 , arsenic passes
into vapour even before it assumes the iquid form, whilst

otassium, sodium, magnesium, zinc, and cadmium, can
distilled at a red heat. Even the more infusible of the
L2
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metals, such as copper and gold, are not absolutely fixed,
but give off small quantities of vapour when strongly
heated in a furnace.
The colour of most of the metals is nearly uniform,
. varying from the bright white of silver to the bluish-grey
of lead; copper is the only red-coloured metal known,
whilst gold, strontium, and calcium are yellow. In
ductility, or the power of being drawn out into wire, and
malleability, or the power of being hammered out intc
thin sheets, the metals differ considerably. Gold is the,
most malleable of all the metals, being capable of being
beaten out to the thickness of the syghygpth part of an
inch ; it is, likewise, the most ductile metal. Hardness,
brittleness, and tenacity, are physical properties of great
importance, in which the metals differ widely.

Occurrence and Distribution of the Metals.

Only a few of the metals occur in the free or uncom-
bined state in nature; in general they are found com-
bined with oxygen, sulphur, or some other metalloid.
These metallic compounds exist most variously distributed
throughout the earth’s crust; some are known to occur
in only one or two localities, and even then only in minute
quantity, whereas others are found widely distributed in
enormous masses. As is seen by reference to the table
on p. 9, the metals aluminium, iron, calcium, magnesium,
and sodium occur in very large quantities, forming, when
united with oxygen and silicon, the whole mass of granitic
rocks composing our globe; but it is not from these
sources that the metals in question can be obtained for
the purposes of the arts. For this object, we employ other
combinations, found in smaller quantity, from which the
metals can be more easily extracted than from the
silicates, and these compounds are termed the mefallic
ores.

The heavy metals and their ores generally occur, inter-
spersed throughout the old granitic or early sedimentary
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rocks in the form of veins or lodes, which are cracks, or
fissures, running through the rock in a particular direction,
and filled up with a metallic ore. Other ores, such as
ironstone, are found amongst the more recent sedimen-
tary formations, having been deposited in large masses,
probably from aqueous solution. .

The consideration of the occurrence and distribution of
the various metallic ores belongs to the science of geology;
the study of the modes of procuring the ores is the pro-
vince of the miner and engineer ; whilst the processes by
means of which the metal itself is obtained from the ore,
although mainly dependent upon chemical principles, are
generally classed as belonging to the branch-science of
metallurgy.

Classification of the Metals.

The metals can be conveniently grouped into classes,
in which the several members possess certain properties
and general characters in common.

Class I. Metals of the Alkalies. — 1, Potassium.
2, Sodium. 3, Casium. 4, Rubidium. 5, Lithium.
(6, Ammonium.) .

General Characteristics—The metals of this class are
monatomic; that is, the atom of metal replaces one atom
of hydrogen : they are soft, easily fusible, volatile at
higher temperatures; they combine with great force with
oxygen, decompose water at all temperatures, and form
basic oxides, which are very soluble in water, yielding
powerfully caustic and alkaline bodies, from which water
cannot be e?elled by heat. Their carbonates are soluble
in water, and each metal forms only one chloride. Am-
monium, NH,, is added to the list of alkaline metals
proper, from the general similarity of the ammoniacal
salts to those of potash and soda.

These metals and their compounds are closely ana-
logous in their properties, and they exhibit a remarkable
relation as regards their atomic weights; thus, sodium,
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which stands between potassium and lithium in proper-
ties, has a combining weight, which is the arithmetic mean
‘of the other two, 39 :'7 = 23; 50, too, rubidium, standing
half-way between casium and potassium, has a mean .

atomic weight, 1_3:%39 — 86.

Class II. Metals of the Alkaline Earths.—1, Calcium.
-2, Strontium. 3. Barium.

General Characteristics.—The metals of this class are
diatomic ; that is, the atom replaces two atoms of hydro-
gen ; the metals cannot be reduced by hydrogen or car-
bon alone, they decompose water at all temperatures,

roducing oxides, which combine with water to form

ydrates, from some of which the water can be driven off
by heat. Their carbonates are insoluble in water, but
soluble in water containing carbonic acid in solution.

Class 1I1.. Metals of the Earths.—1, Aluminium.
2, Glucinium. 3, Zirconium. 4, Thorium. 35, Yttrium.
6, Erbium. 7, Cerium. 8, Lanthanum. ¢, Didymium.

With the exception of aluminium, these metals are
hardly known in the free state, as their compounds ‘occur
so rarely that they are not employed for any useful pur-
pose, and their properties cannot be considered in an
elementary work. The oxides of this group are insoluble
in water; and they cannot be reduced to the metallic
state by hydrogen or carbon. Aluminium is tetratomic,
one atom replacing four atoms of hydrogen.

Class IV. Zinc Class.—1, Magnesium. 2,- Zinc.
3, Cadmium. These metals are diatomic ; they are all
volatile at high temperatures, and burn when heated in
the air: they decompose water at a high temperature, or
in presence of an acid, and form only one oxide and one
chloride.

Class V. Iron Class.—1, Manganese. 2, Iron.. 3, Co-
balt. 4, Nickel. 5, Chromium. 6, Uranium. 7, Indium.
These are diatomic, and equivalent to two atoms of hydro-
gen; they are not volatcille at the temperature of our
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furnaces; they decompose water like the preceding class,
and they form several oxides, chlorides, and sulphides.

_Class VI. Tin Class.—1I, Tin. 2, Titanium. 3, Nio-
bium. 4, Tantalum. Tin is the only one of this class
emllalloyed in the arts. These metals decompose water at
high temperatures and in presence of alkalies ; they form
dioxides and volatile tetrachlorides, and are hence tetra-
tomic.

Class VII. Tungsten Class.—1, Molybdenum. 2, Va-
nadium. 3, Tungsten. These metals are all of rare occur-
rence ; they decompose water at a high temperature, and
form trioxides and volatile hexachlorides.

Class VIII. Arsenic Class.—1, Arsenic. 2, Antimony.
3, Bismuth. The metals of this class are triatomic, they
form the junction between the metals and metalloids, and
they closely resemble phosphorus in their properties.

Class IX. Lead Class.—1, Lead. 2, Thallium: heavy
metals, allied in their general properties to the two first
classes. Lead is diatomic, but thallium is monatomic.

Class X. Silver Class.—1, Copper. 2, Mercury. 3,
Silver. These metals do not decompose water under any
circumstances ; they are oxidized by nitric and strong
sulphuric acids ; copper and mercury form two basic
oxides which, except in the case of copper, are decomposed
by heat alone. Copper and mercury are diatomic; silver
is monatomic.

Class XI. Gold Class—1, Gold. 2, Platinum. 3, Pal-
ladium. 4, Rhodium. - 5, Ruthenium. 6, Iridium. 7, Os-
mium. These metals are not acted upon by nitric acid,
but only by chlorine or aqua regia, and the oxides are
reduced by heat alone; and they with silver and mercury
constitute the noble metals. Gold is triatomic, and the
other members of this class are tetratomic.

Chemical Properties of the Metals.

The metals combine (1) with each other to form alloys;
(2) with the metalloids to form oxides. sulphides, chlorides,
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&c. In the alloys the metallic appearance and properties
are preserved, whereas in the compounds with the metal-
loids the physical properties of the metals as a rule dis-
appear.

Alloys. The compounds formed by the metals amongst
themselves are not so stable as those which are formed by
union with a metalloid ; nevertheless the alloys are largely
used in the arts, as they possess many valuable properties
not exhibited by the metals separately. Thus gold and
silver are too soft to be used alone as a medium of cur-
rency, but the addition of 7'5 per cent. of copper gives an
alloy of the requisite hardness; then copper is too soft
and tough to be wrought in the lathe, but when alloyed
with hal?its weight of zinc it forms a hard and most useful
substance known as brass. Gun-metal, or bronze, is a
hard and tenacious alloy of go parts of copper and 10 of
tin.  Bell-metal, a still harder alloy, contains the same
metals in the proportion of 8o of the former to 20 of the
latter, whilst an alloy of 33 parts of tin to 67 of copper
possesses a white colour, takes a high polish, and is known
as speculum-metal, and employed for the reflectors of
telescopes. For making printing type a peculiar alloy
is employed, containing 8o parts of lead to 20 of antimony ;
this Eossesses many properties necessary for type meta{«s,
which are found to belong to no single metal or other alloy.

The chemical composition of the alloys is not so
definite or so well marked as that of the other metallic
compounds, but they may frequently be obtained in crys-
tals in which the constituents are contained in atomic
proportions. The melting point of an alloy is often much
lower than the melting ints of its constituent metals.
Thus lead melts at 334°, bismuth at 270° tin at 235° and
cadmium at 315”; whereas an alloy of 2 parts bismuth,
t of tin, and 1 of lead, melts at 95° to 98° C, and one con~-
taining 8 of lead, 15 bismuth, 4 of tin, and 3 of cadmium,
softens at as low a temperature as 60° and is perfectly
fluid at 65°C. The alloys of metals with mercury are
termed Amalgams.
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Compounds of the Metals with Metalloids.

1. Metallic Oxides. Oxygen acts very differently on
the different metals. Some metals, such as zinc, magne-
sium, and calcium take fire when heated, and burn with
the evolution of intense light; whilst others, such as gold
and silver, do not combine directly with oxygen, and are
only obtained in combination with it by indirect means
and with difficulty. .

The oxides differ widely in properties and composition ;
they may, however, all be represented as water in which
the hydrogen has been replaced by metal. Thus the mon-
oxides may be considered to be water in which either
each atgm of hydrogen is replaced by a monad, as K;0,
Ag,0, or the two atoms of hydrogen are replaced by a
dyad, as Ba O, Zn O ; whilst the higher oxides are regarded
as two or more molecules of water, in which the hydrogen
is in like manner replaced by its equivalent of metal. The
most important of these higher oxides are the sesqui-
oxides, such as alumina, Al; O,, and ferric oxide, Fe, O,;
the dioxides, such as black oxide of manganese, Mn O,;
the trioxides, as chromium trioxide, Cr O,

2. Metallic Sulphides. Metals combine directly with
sulphur to form sulphides, and these occur frequently in
nature, forming many of the metallic ores. These com-
pounds resemble in composition the corresponding oxides,
and may be represented as sulphuretted hydrogen, H,S,
in whic¥| the hydrogen is replaced by its equivalent of
metal. The sulphides of the first and second class of
metals are soluble in water ; those of the remaining almost
all insoluble in water, but some of them soluble, and
others insoluble, in acids and alkalies. In the laboratory
this difference in the solubility of the sulphides is em-
ployed as a means of separating the different metals in
‘the processes of chemical analysis.

3. Metallic Chlorides. The metals unite directly with
chlorine to form an important class of compounds, which
may be considered as one or more molecules of hydro-
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chloric acid, in which the hydrogen is replaced by its.
equivalent of metal; thus K Clis the chloride of a monad ;
Ba Cl, that of a dyad, and this may be considered as two
molecules of hydrochloric acid, in which two atoms of
hydrogen are replaced by the dyad barium; whereas
antimony trichloride, SbCl,, may be represented as three
molecules of hydrochloric acid, in which the three atoms of
hydrogen are replaced by one atom of triatomic antimony,

4. Metals unite with bromine, iodine, fluorine, and cya-
nogen to form bromides, iodides, fluorides, and cyanides,
all of which bear a strong resemblance to the corresponding
chlorides, and may be considered to possess an analogous
constitution.

§. Metals also unite with nitrogen, phosphorug boron,
silicon, carbon, and hydrogen; but the compounds thus
formed are in general of slight importance.

6. Metallic Salts. The replacement of the hydrogen
in acids (the hydrogen salt), by its equivalent of metal,
gives rise to the formation of a very large class of bodies
to which the name of metallic salts has been given ; thus,
if we replace both atoms of hydrogen in hydric sulphate,
H, SO,, by potassium, we get potassium-sulphate, K; SO, ;
if only one is replaced, we have hydric-potassium sulphate,
KH SO,; if we replace both the atoms of hydrogen with a
dyad, we have Ba SO,, or Zn SO,. The same holds good
for all the other acids; thus, H; PO, (trihydric phosphate)
yields Ags PO, (trisilver phosphate); H N O, yields KNO,,
or BaN; Og.  The metals forming sesquioxides also give
rise to salts which may be considered as being composed of
several molecules of the acid with the hydrogen replaced
by the metal; thus aluminium sulphate is three molecules
of hydric sulphate, 3 (H; SO,), in which the 6 of hydrogen
are replaced by 2 atoms of aluminium ; thus, Al, 3 SO,.
The constitution of the other classes of salts will ’be best
understood from the special descriptions. Many of the
metallic salts when crystallized contain a definite number
of atoms of water, and this is termed water of crystallisa-
tion, .
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Cox

LESSON XVIIL
Crystallography.

Most chemical substances, when they pass from the
liquid or gaseous into the solid state, assume some definite
geometric form, or are said to crystallize. Crystals are
produced when a substance, such as nitre, is dissolved in
water and the solution allowed graduall¥ to evaporate ;
or when a body, such as sulphur, 1s melted and allowed to
solidify by cooling ; or when a volatile substance, such as
iodipe or arsenious oxide, is vaporized and the vapour
condensed on a cool surface. Many naturally occurring
minerals exhibit very perfect crystalline forms; we are
ignorant of the mode in which such crystals are in most
cases produced, but we know that the process of their
formation has been a very slow one, and we find that, in
general, a crystal is larger and more perfect the more
gradually it has been formed. Crystalline bodies exhibit,
in addition to their regular form, a peculiar power of split-
ting in certain directions more readily than in others,
called cleavage; as well as in many cases the property
of allowing the rays of light and heat to pass more readil
in one direction than another, giving rise to the well-
known phenomena of double refraction.

Inorganic bodies which do not exhibit these peculiarities,
or assume crystalline structure, are said to be amorphous ;
but certain highly complicated structures found in the
vegetable and animal world exhibit a structure which,
-although 4t is non-crystalline,.is not devoid of arrange-
ment, and to which the name organized or cellular struc-
ture has been given. As a rule, every particular substance
possesses a definite form in which it always crystallizes,
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and by which it can be distinguished ; when a crystal is
formed, from aqueous solution, for example, the smallest
visible particle possesses the complete form of the largest
crystal, and ,simply increases in size without undergoing
any change of form.

It has been found possible to arrange the many thousand
different known crystals in séx sysfems, to each of which
belongs a number of forms having some property in com-
mon. In order to classify these different c?'stals, the
existence of certain lines within the crystal called azxes is
supposed, round which the form can be symmetrically |
built up. These axes are assumed to intersect in the
centre of the crystal, and pass through from one side to
the other. :

152, or Regular System.—Three axes, all equal and at
right angles. The simple forms of this system are (i)
the cube (Fig. 37) ; (2) the regular.octohedron (Fig. 38);

Fig. 37. Fig. 38.

(3) the rhombic dodecahedron (Fig. 39); and (4) the
regular tetrahedron (Fig. 40). The following are a féw of
the substances crystallizing in this system—alum, com-
mon salt, diamond, fluor-spar, iron pyrites, and garnet.
2d, or Quadratic System.— Three axes, all at right
angles, one shorter or longer than the other two. The
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rig. 39-

simple forms of this system are the first and second right
square prisms (Fig. 41 & and &), and the first and second

Fig. 41 8.

right square octohedra (Fig. 42 @ and 4). In the first
square prism the axes terminate in the centre of each ot
the sides, and in the second the axes terminate at the
intersection of the sides, and this is reversed with regard to
the octohedra. Some of the common substances which
crystallize in this system are—yellow prussiate of potash,
zircon, and stannic oxide.

The 34, or Hexagonal System.—Four axes, three equal
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Fig. 42a. . Fig. 426.

and in one plane, making angles of 60° and one longer or
shorter, at right angles to the plane of the other three.
The regular six-sided prism (Fig. 43), the regular six-
sided pyramid (Fig. 44), and the rhombohedron (Fig. 45),

Fig. 43. Fig. 44.

are the common forms of this system. Quartz, calc-spar,
:)ertyl, corundum, graphite, &c. crystallize in the hexagonal .
ystem. L , .
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4th, or Rhombic System.—Three axes, all unequal, and
all at right angles. The chief forms of the crystals in this
system are the right octohedron with rhombic base
(Figs. 46 and 47), and the right rhombic prism (Fig. 48).

Fig. 45 T Fig. 46.

¥ig. 47 Fig-.48 .

In this system the following substances are found—nitre,

barium sulphate, arragonite, topaz, and native sulphur.
5th, or Monoclinic System.—Three axes, all unequal,

two cut one another obliquely, and one is at right angles
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to the plane of the other two. The oblique rhombic
octohedron (Fig. 49) belongs to this system. Many sub-

Fig. 49.

stances crystallize in this system ; amongst the most
common are—sulphur deposited from fusion, sodium car-
bonate and phosphate, ferrous sulphate, and borax. -

6tk, or T7iclinic System.—Three axes, all unequal, and
all oblique. The doubly-oblique octohedron, and the
doubly-oblique prism (Fig. 50), are the leading forms in

Fig. so.

this system. Copper sulphate, boracic acid, the mineral
albite, and a few other substances are found to crystallize
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in this system, the forms of which are in general very
complicated. The crystalline form of copper sulphate is
shown in Fig. 51. . .

Under one or other of these six divisions all the known
forms of crystals can be classed. In every distinct crystal
belonging to any one of these systems, in which the axes
are not all equal, or all at right angles, certain relations
exist betwean tha lanmthe af tha avae and thaca have
certain mu

Fig s,

tions and inclinations vary with different substances, but
are constant for the same ; so that different bodies all
crystallizing in the same system, as a rule, have different
relations between the lengths of the axes, and these gene-
rally have different inclinations to one another.

Certain substances exhibiting a similarity in their
chemical constitution are found to crystallize in the same
forms : these are said to be zsomorphous; whilst, when
the same body occurs crystallized in two different systems,
it is said to be dimorphous. Examples of these peculiar
relations between chemical composition and crystalline
form will be given later on.

M
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LESSON XIX.

Crass I. METALS OF THE ALKALIES.—I, POTASSIUM.
2, SODIUM. 3, CAESIUM. 4, RUBIDIUM. 35, LITHIUM.
(6, AMMONIUM.)

PorassiuM. Symbol K. Combining Weight 39°1.
Specific Gravity 0-865.

The metal potassium was discovered in the year 1807,
by Sir Humphrey Davy, who decomposed the alkali pot-
ash into the metal, hydrogen, and oxygen, by means of a
powerful galvanic current. Before this time the alkalies
and alkaline earths were supposed to be elementary bodies. |
The metal is now prepared by heating together potash
and carbon to a high temperature in an iron retort. The
carbon, at the high temperature, is able to take the oxygen
from the potash, forming carbonic oxide, which escapes
as a gas, whilst the metal potassium, which is volatile at a
red heat, distils over. The preparation of this metal is
attended with many difficulties, and requires special pre-
cautions, as the vapour of potassium not only takes-fire
when brought in contact with the air, but decomposes
water, combining with the oxygen and liberating hydro-
gen ; hence the metallic vapour must be cooled by rock
oil or naphtha, which contains no oxygen. The metal thus
prepared must be distilled a second time, in order to purify
it and free it from a black, explosive compound, which
invariably forms in the original preparation, and has
caused several fatal accidents.

Potassium, thus prepared, is a bright, silver-white metal,
which can be easily cut with a knife at the ordinary atmo-
spheric temperature; it is brittle at 0°; and melts at 62°5,
and does not become pasty before melting; when heated
to a temperature below red heat, potassium sublimes, yield-
ing a fine green-coloured vapour. This metal rapidly
absorbs oxygen when exposed to the air, and gradually
becomes converted into a white oxide. Thrown into
water, one atom of potassium displaces one of hydrogen
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from the water, forming potassium hydroxide, KHO ; this
takes place with such force that the heat developed is
sufficient to ignite the hydrogen thus set free, and the
flame becomes tinged with the peculiar purple tint charac-
teristic of the potassium compounds, whilst the water
attains an ine reaction from the potash which is
formed. Potassium combines also with chlorine and
sulphur, and many other metalloids, evolving, when heated
with these substances, heat and light.

Sources of the Potassium Compounds—The original
source of potassium comﬂounds is in the felspar of the
granitic rocks, of which the earth is composed, as these
contain from two to three per cent. of this metal. Up to
the present time, this source has not been available for
the manufacture of the potassium salts, as no cheap and
easy mode has yet been made available for separating the
potash from the silicic acid, with which it is combined in
felspar. Plants, however, are able slowly to separate out
and assimilate the potash from these rocks and soils ; so
that, by burning the plant and extracting the ashes with
water, soluble potash-salt is obtained. This is the crude
potassium. carbonate, called, when purified by recrystal-
lization, peari-ash, and it is from this substance that a large
number of the potassium compounds are obtained. Some
of the other potassium salts, such as the nitrate and chlo-
ride, are found in large quantities in various localities as
deposits on the surface, or in the interior, of the earth.
Potassium chloride occurs in beds together with rock salt,
in Stassfurt in Germany. Another inexhaustible source of
potassium compounds, which, however, has only just begun
to be utilized, is sea-water : a plan has lately been proposed
by which those compounds can be obtained from the sea.

Potassium Oxides.—Potassium combines with oxygen in
three proportions, forming three well-defined oxides of the
formule—

(1) Potassium monoxide . . . . K,O

(2) Potassium dioxide . . . . . K;Oq4

(3) Potassium tetroxide . . . . KO,
M2
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These oxides are unimportant bodies ; but pofask, the
compound of the first with water, is a substance of great
importance. . .

otassium monoxide, K40, is obtained by allowing thin
pieces of the metal to oxidize in dry air; it is a greyish-
white, brittle substance, which melts a little. above red
heat, and volatilizes only at a very high temperature.
This oxide combines with water with evolution of great
heat, producing potassium hydroxide, or potash, from
which water cannot again be separated by heat. The
reaction may be represented as an exchange of hydrogen
for potassium, thus :

K,;0 + H,0 = 2(KHO).

Potassium Hydroxide, or Caustic Potask, HKO, is ob-
tained as above, or more conveniently prepared by boiling
one part of potassium carbonate with twelve parts of
water, and adding slacked lime prepared from two-thirds
pa.rt of quick lime. In this reaction calcium carbonate is

ormed, which falls to the bottom as a heavy powder,

caustic potash remaining in solution. The clear liquid,
which should not effervesce on addition of an acid, is
evaporated in a silver basin to dryness, fused by exposure
to a stronger heat, and cast into sticks in a metallic
mould. Thus prepared, caustic potash is a white sub-
stance, soluble in half its weight of water, acting as a

werful cautery, destroying the skin. It is largely used
in the arts and ma.nufictures, and is employed in the
laboratory for various purposes.

Potassium Carbonate. Symbol K,CO, This salt
receives the commercial name of potaslx{es, or pearl-
ashes, and is imported in large quantities from Russia
and America. The crude substance is prepared by boiling
out the ashes of plants with water, and evaporating the
solution to dryness; a pure salt may be afterwards ob-
tained by separati:]f the impurities by crystallization.
The leaves and small twigs of plants contain more potash
than the stems and large branches. Potassium carbonate
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can be obtained perfectly pure by heating pure potassium
tartrate to redness, and separating the carbonate formed
by dissolving in water. This salt absorbs water from the
air, or is deliquescent, and is, therefore, very soluble in
water ; it also turns red litmus blue, or possesses a
strongly alkaline reaction. .
Hydric Potassium Carbonate, HKCO,. This substance
is formed when a current of carbonic acid gas, COy, is
passed through a strong solution of the preceding salt.
It may be considered as dibasic carbonic acid, H,COy,,
in which one atom of hydrogen is replaced by one of
potassium. It is a white salt, not so soluble as potassium
carbonate ; the solution is nearly neutral to test paper.
Potassium Nitrate, Nitre, or Saltpetre, KNO, This
important salt occurs as an efflorescence on the soil of
several.dry tropical countries, especially that of India. It
may be artificially prepared by the process of nitrification,
in which afimal matter (containing nitrogen) is exposed
in heaps, mixed together with wood-ashes and lime, to the
action of the air ; the organic matter gradually undergoes
oxidation, nitric acid being formed, and this unites, first
with the lime and then with the potash, to form nitre. The
salt is obtained from both of these sources by boiling out
the soil or deposit with water, and allowing the nitre to
crystallize out. Nitre crystallizes in rhombic prisms; it
dissolves in seven parts of water, at 15°, and in its own
weight of hot water. It contains nearly half its weight of
oxygen, with which it parts on heating with carbon or
other combustible matter. For this reason, nitre is largely
used in the manufacture of gunpowder and fireworks.
Gunpowder consists of an intimate mixture of nitre, char-
coal, and sulphur. The general decomposition which
occurs when gunpowder is fired may be expressed by
saying that the oxygen of the nitre combines with the
charcoal, forming carbonic acid and carbonic oxide,
whilst the nitrogen is liberated, and the sulphur combines
with the potassium. Hence gunpowder can burn under
water or in a closed space, as it contains the oxygen
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needed for the combustion in itself, and the great ex-
Flosive power of the substance is due to the violent evo-
ution of large quantities of gas, and a rapid rise of
temperature causing an increase of bulk sudden and great
enough to produce what is termed an explosion. It has
been found by practice, that the best gunpowder is that
which contains nearly two atoms of nitre, one of sulphur,
and three of carbon ; but the decomposition which actually
occurs in the explosion is a more complicated one than
has been expressed above, and cannot be represented in
an equation. The following table gives the composition
of musketry powder, as manufactured by different nations.

English '

and Prussian. | Chinese. French,

R Austrian, !

Nitre . . . 75 - 75 7574 750 -
Charcoal . . 15 135 144 12°5 '
Sulphur. . . 10 Irs 9'Q 12°§ l
100 100°0 1000 100°0 !l

Potassium combines with sulphur to form several com-
pounds, of which the best known are K,S, K,S,, K,S,,
and K,;S;. They are soluble substances, which evolve
sulphuretted hydrogen when heated with an acid, and are
not used in the arts.

The remaining compounds of potassium of interest and
importance are—potassium chloride, KCl, occurring in sea-
water and also in certain de};osits; potassium iodide, KI,
mentioned under the head of Iodine ; potassium bromide,
KBr (see ante, p. 100) ; potassium chlorate, KCl O,, the

reparation of which was described under Hydric Chlorate,
P. 97) ; potassium sulphate, K;SO,, one of the most in-
soluble of the salts of this metal : and hydric potassium
sulphate, HKSO,.
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General Characteristics of the Potassium Compounds.

All the potassium compounds impart a violet colour to
the flame, and the spectrum of this flame (see p.229,
spectrum analysis) is distinguished by the presence of two
bright lines, one in the red, and another in the violet.
Almost all the potassium salts are soluble in water ; the
three which are least soluble are—(1) potassium perchlo-
rate; (2) hydric-potassium tartrate, which is precipitated
in the form of a white crystalline powder, when a solution
of a potassium salt 'is mixed with an excess of tartaric
acid ; and (3) potassium-platinum chloride, 2(KCI)+4-PtCl,,
"which precipitates in small yellow cubical crystals, when
platinum chloride solution is added to a soluble potas-
sium salt. These reactions serve to distinguish the
potassium salts.

2. SODIUM. Symbol Na (natrium). Combining Weight
23.  Spectfic Gravily 0'97. .
This metal was discovered by Sir H. Davy immediately
after the isolation of potassium, by the decomposition of
soda with the galvanic current. It can be procured more
easily than potassium by reducing the carbonate in presence
of carbon, and is now manufactured in large quantities
for the preparation of other metals, especially magnesium
and aluminium. The apparatus employed for the prepara-
tion of this metal is the same as that used for potassium ;
the metal distils over when condensed, and drops into
rock oil. Sodium is a silver-white metal, soft at ordinary
temperatures, and melting at 95°6; it volatilizes below a
red heat, yielding a colourless vapour. When thrown upon
" water it floats, and rapidly decomposes the water with
disengagement of hydrogen, soda being formed. If the
water be hot or be thickened with starch, the globule of
metal becomes so much heated as to enable the hydrogen
to take fire. The compounds of sodium are very widely
diffused, being contained in every speck of dust (ses
spectrum analysis, p.230) ; they exist in enormous quanti-
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ties in the primitive granitic rocks (se¢ p. 9 ), but they are
most readily obtained from sea-water, which contains
nearly three per cent. of sodium chloride (common or sea-
salt), or from the large deposits of this substance which
occur in Cheshire, Galicia, &c. Sodium carbonate was
formerly obtained from the ashes of sea-plants or kelp, as
potassium carbonate is still prepared from the ashes of
land plants; but at present the sodium carbonate is
altogether manufactured, on an enormously large scale,
from sea salt.

Sodium Oxides. There are two compounds of sodium
and oxygen known. Sodium oxide, Na; O; and sodium °
dioxide, Nag Og—Sodium Oxide, Nag O, is formed when’
sodium is oxidized in dry air or oxygen at a low tempera-
ture, a white powder being formed ; this takes up moisture
with great avidity, forming H Na O, sodium hydroxide, or
soda, from which the water cannot again be separated by
heat alone, but which can again be converted into the oxide
by heating with sodium ; thus, H NaO 4 Na = Na,O+H.

Sodium Dioxide, Nay O,, is a yellowish-white powder,
which is formed when sodium is heated in oxygen to
200° C; it is soluble in water, but the solution readily de-
composes, giving off oxygen and leaving sodium hydrate,
Sodium dioxide is not used in the arts.

Sodium Hydroxide, or Caustic Soda, H Na O, is a white
solid substance, fusible below a red heat, and less volatile
than the corresponding potassium compound. It is very
soluble in water, acts as a caustic, is powerfully alkaline,
and is largely. used in soap-making. The manufacture of
solid caustic soda is now carried on on a large scale, by
boiling lime and sodium carbonate together with water
and evaporating down the clear solution.

Ca O + Nay"COy + H,0 = Ca CO, + 2(HNa O).

Sodium Chloride—Common Salf. Na CL It is from
this salt that almnst all the other sodium compounds are
prepared. Sodium chloride occurs in thick beds in various
parts of the world, especially in Cheshire, Galicia, Tyrol,
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Spain, and Transylvania. It is likewise prepared from .
sea-water by evaporation or by freezing ; and from certain
brine springs by evaporation. When slowly deposited
sodium chloride crystallizes in regular cubes, it is soluble
in about two and a half parts of water at15° and does
not dissolve sensibly more in hot than in cold water.

Sodium Carbonate, Nag CO; This substance, known
in commerce as soda-ask, is manufactured in England
on an enormous-scale, and used for glass-making, soap-
making, bleaching, and various other purposes in the arts.
Formerly it was prepared from barilla or the ashes of sea
plants, but now it is wholly obtained from sea-salt by a
series of chemical decompositions and processes, which
may be divided into two stages.

(1) Manufacture of sodium sulphate, or salt-cake, from
sodium chloride (common salt) ; called salt-cake process.

(2) Manufacture of sodium carbonate, or soda ash, from
salt cake ; called soda-ash process.

(1) Salt-cake process. This process consists in the de-
composition of salt by means of sulphuric acid : this is
effected in a furnace called the Salt-cake Furnace.
Fig. 52 shows the section, and Fig. 53 the elevation of

Fig. sa2.

Fig sa.
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such a furnace : these are drawn to scale from one actu-
ally in use. It consists of (1) a large covered iron pan
placed in the centre of the furnace, and heated by a fire
gllaced underneath ; and (2) two roasters or reverberatory

rnaces, placed one at each end, and on the hearths of
which the salt is completely decomposed. The charge of
half a ton of salt is first placed in the iron pan, and then
the requisite quantity of sulphuric acid allowed to run in
upon it. Hydrochloric acid gas is evolved, and escapes
through a flue with the products of combustion into towers,
or scrubbers, filled with coke or bricks moistened with a
stream of water; the whole of the acid vapours are thus
condensed, and the smoke and heated air pass up the
chimney. After the mixture of salt and acid has been
heated for some time in the iron pan, and has become
solid, it is raked by means of the doors seen in Fig. 53,
on to the hearths of the furnaces at each side of the de-
composing pan, where the flame and heated air of the fire
complete the decomposition into sodium sulphate and
hydrochloric acid.

(2) Soda Ask process. This process consists (1) in the
pre(:lparation of sodic carbonate, and (2) in the separation
and purification of the same. The first chemical change
which the salt-cake undergoes in its passage to soda-ash,
is its reduction to sulphide by heating it with powdered
coal or slack:

Nay; SO, + C, = Na, S+ 4 CO.

The second decomposition is the conversion of the sodium
sulphide into sodium carbonate, by heating it with chalk
or limestone (calcium carbonate5 :

Na,S + Ca COy = Na, CO;+Ca S.

These two reactions are in practice carried on at once; a
mixture of ten parts of salt cake, ten parts of limestone,
and seven and a half parts of coal being heated in a
reverberatory furnace called the Balling Furnace (shown
in section in Fig. 54, and in elevation in Fig. 55), until it
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fuses and the above decomposition is complete, when it
is raked out into iron whéelbarrows to cool. This process

|
i1

is generally termed the &lack-ash process, from the colour
of the fused mass.

The next operation consists in the separation of the
sodic carbonate from the insoluble calcium sulphide and
other impurities. This is easily accomplished by /lZxivz-
ation, or dissolving the former salt out in water. On
evaporating down the solution, for which the waste heat
of the black-ash furnace is used, the heated air passes
over a leaden pan (shown in Fig. 54) containing the
liquid. _On calcining the residue, the soda-ash of com-
merce is obtained. No less than 200,000 tons of common
salt are annually consumed in the alkali works of Great
Britain, for the preparation of nearly the same -weight of
soda-ash, of which the value is about two millions sterling.
The soda-ash of commerce contains from 48 to 56 per cent.
of pure caustic soda, Na, O, as carbonate and hydrate, the
remainder being impurities, consisting generally of sul-
phate, sulphite, and chloride. If soda-ash be dissolved,
and the saturated solution allowed to stand, large trans-
parent crystals (monoclinic) of the hydrated carbonate, of
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the formula Na;CO,+ 10H;O separate out; this sub-
stance 1s commonly known as soda-crystals, and is much
used for softening water for washing purposes.

Hydric-Sodium Carbonate, or Bicarbonate of Soda,
H Na COy is obtained by exposing the crystallized car-
bonate in an atmosphere of carbonic acid gas. It is a
white crystalline powder, which on heating is readily con-
verted into sodium carbonate. The bicar%on'ate is chiefly
used in medicine, and for the production of efferyescing
drinks. ,

The other sodium salts of importance are sodium
nitrate or Chili saltpetre, Na NO,, found in Northern
Chili in large beds, imported in large quantities, and
chiefly used as a manure ; sodium sulphate, or Glauber
salts, NagSO, 4+ 10H,O (in the anhydrous state known
as salt-cake); hydric sodium sulphate (l?lr bisulphate),
HNaSO,; sodium hyposulphite, Na,S;H;0, 4+ 4H,0,
mentioned under the compounds of sulphur and oxygen
(p. 118); the sodium phosphates, mentioned under phos-
phorus (p. 135); borax, NagO2B,0, 4 10 H,O (se¢ p. 130) ;
sodium sulphide, Nag S, a soluble salt formed by reducing
the sulphate with carbon; sodium silicates, or soluble
glass (see p.182.)

General Characteristics of the Sodium Compounds.
All the sodium salts, with the single exception of the
antimoniate, are soluble in water. The presence of sodium
compounds can be detected by the peculiar yellow tinge
which they impart to the flame. The spectrum of sodium
is distinguished by one fine bright double line, identical
in position with the dark solar line called D.

2 3 and 4. C&ESIUM AND RUBIDIUM. Cz=133. Rb =
5'4.

These two metals were discovered in 1860-61 by Bunsen
and Kirchhoff, by means of spectrum analysis (sez p.230).
They so closely resemble one another and potassium in
their chemical properties, that they had previously been
mistaken for the latter well.known metal. They occur
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widely distributed, although generally occurring in small
quantities. They were originally discovered in the mineral
water of Diirkheim, but since that time they have been
found in many other springs, in several kinds of mica and
other old plutonic silicates, as well as in the ashes of
several plants, viz. beet-root, tobacco, coffee, and grapes.
These metals can be separated from potassium by the
greater insolubilit‘y of the double chloride which they form
with f)latinum; if a mixture of K, Ca, and Rb salts be
completely precipitated by platinic chloride and the pre-
cipitate boiled out with water, the insoluble residue will
contain the new metals. Czsium may be separated from
rubidium by the greater solubility of the acid tartrate of
the former metal. The salts of caesium and rubidium are
isomorphous with the corresponding potassium compounds.
The fused chlorides of these metals are easily decomposed
by the galvanic current, and the metallic element depo-
sited. The metals can also be prepared by reduction with
carbon, as potassium. Rubidium is a white metal which
rapidly undergoes oxidation, its specific gravity is 1'52,
and it forms a greenish-blue vapour. Czsium is the most
electro-positive of the metals.

. LITHIUM. Symbol Li. Combining Weight7. Spe-
cific Gravity 0'59. )

This metal is prepared by decomposing the fused chlo-
ride by electricity; it is of a white colour, it fuses at 180°,
and is the lightest metal known. The lithium salts were
formerly supposed to be very rare, only being known to
occur in three or four minerals, but spectrum analysis has
shown that this is a widely-distributed substance; it occurs
in small quantities in almost all waters, in milk, tobacco,
and even in human blood. A spring in Cornwall contains
large quantities of this metal in the form of chloride.
Lithium in its chemical relations stands between the class
of alkaline and alkaline-earth metals, the hydrate, car-
bonate, and phosphate, being only sparingly soluble in
water. All the volatile lithium compounds impart a mag-

.
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nificent crimson tinge to the flame, and the spectrum of
this flame exhibits the presence of one bright and very
characteristic red line, by means of which the presence of
the minutest trace of this substance can be detected with
certainty and ease.

6. AMMONIUM AND THE SALTS OF AMMONIA,

With the class of alkaline metals the ammoniacal salts
may conveniently be considered, as in their chemical pro-
perties they present a remarkable analogy with the salts
of the alkalies proper. In all these salts the existence of
a quasi-metal called Ammonium, NH,, is squosed, and if
this substance be substituted for an atom of potassium or
sodium in the alkaline salts, a corresponding salt of am-
monium is formed thus:

Potassium chloride, KCl. -

Ammonium chloride, NH, CL

Potassium sulphate, K, SO,.

Ammonium sulphate, 2 (N f{4) SO, .

Ammonium itself has not yet been prepared in the pure
state, but an amalgam of ammonium and mercury is
known, and the existence of this compound appears to
show that the body NH, acts like a metal. The most im-
portant of the ammoniacal salts, which are all volatile, are
ammonium-chloride, or sal-ammoniac, NH, Cl, originally
prepared by subliming camel’s dung, but now obtained by
neutralizing the ammoniacal water of the gas works (see
p- 83) with hydrochloric acid, evaporating the liquor to
dryness, and, by subliming the volatile sal-ammoniac.
The sulphate, 2 (NH,) SO,, is likewise prepared from gas-
liquor by neutralization with sulphuric acid. The carbo-
nate, nitrate, and sulphide of ammonium correspond closely

* to the same potassium salts. The salts of ammonia can
easily be recognised by their giving off an alkaline gas
possessing a pungent smell of ammonia when they are
heated with caustic lime or a caustic alkali. The acid
tartrate and the double platinic chloride are both inso-
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luble, and resemble the corresponding potash compounds
so closely that the two sets of salts cannot be distinguished
by means of these tests. In order to test for potash in
presence of ammoniacal salts, all the latter must first be
driven off by heating.*

LESSON XX.
Crass II. METALS OF THE ALKALINE EARTHS.

These are three in number—i1. CALCIUM, 2. STRON-
TIUM, and 3. BARIUM ; they chiefly differ from the pre-
ceding metals by forming insoluble carbonates, sulphates,
phosphates, and oxalates.

1. CALCIUM. Symbol Ca. Combining Weight 40. Spe-
cific Graviyly 1°58.

Calcium forms a considerable portion (see p. 9) of the
plutonic rocks of which the earth is composed, and occurs
in very large quantities, forming whole mountain chains
of limestone, chalk, gypsum, and mountain limestone.- The
metal calcium is obtained by the decomposition of the
chloride by the electric current, or by heating the iodide
with sodium; it is a light yellow metal which easily oxi-
dizes in the air; and when heated in air it burns with a
bright light, lime, CaO, the only oxide of calcium, being
formed.

Calcium Oxide, or Lime, CaO. Pure lime is obtained
by heating white or black marble to redness in a vessel
exposed to the air. Lime is prepared on a large scale for
building and other purposes, by heating limestone (the
carbonate) in kilns by means of coal mixed with the stone;
the carbonic acid escapes, and gwick- or caustic-lime

* Ammonia, NHj3, is only the first term of a series of volatile bodies possess-
ing closely-similar properties and forming definite salts; these bodies will be
described in the part relating to ic chemistry.
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remains. Pure lime is a white infusible substance, which
combines with water very readily, giving off great heat,
and falling to a white powder called calcium hydrate, or
slaked lime, CaO H;O. The hydrate is slightly soluble
in water, 1 part of it dissolving in 730 parts of cold, but
only in 1300 parts of boiling water, and forming lime-
water, which, Eke the hydrate, has a great power of ab-
sorbing carbonic acid from the air. It is indeed partly
owing to this property that the hardening or setting of
mortars and cements made from lime is due. Mortar
consists of a mixture of slaked lime and sand; a gradual
combination of the lime with the silica occurs, and this
helps to harden the mixture. Hydraulic mortars, which
harden under water, are prepared by carefully heating an
impure lime containing clay and silica; a comcf)ound sili-
cate of lime and alumina appears to be formed on moist-
ening the powder, which then solidifies, and is unacted
upon by water. Lime is largely used in agriculture, its
action being, 1st, to destroy the excess of vegetable matter
contained in the soil ; and, 2dly, to liberate the potash for
the use of the plants from heavy clay soils by decomposing
the silicate.

Calcium Carbonate, or Carbonate of Lime, Ca CO,.
This salt occurs most widely diffused, as chalk, limestone,
coral, and marble ; many of those enormous deposits being
made up of the microscopic remains of minute sea-animals.
Calcium carbonate exists crystalline as calc spar, or Ice-
land spar (rhombohedral, or hexagonal system, Fig. 45),
and also in a different form, arragonite (rhombic, Fig. 46),
so that this substance is dimorphous. The carbonate is
almost insoluble in pure water, but readily dissolves when
the water contains carbonic acid, giving rise to what is
termed temporarily hard water. Such a water deposits a
crust of calcium carbonate on boiling, owing to the escape
of the carbonic acid. The well-known evil of boiler crust
is caused by these deposits: the formation of such a crust
may be checked if not avoided by adding a small quantity
of sal-ammoniac to the water, soluble calcium chloride
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and volatile ammonium carbonate being formed. Water
hard with dissolved carbonate may be softened by the
addition of lime suspended in water in such quantity that
the excess of carbonic acid is neutralized.

Calcium Sulphate, Ca SO,. This occurs in nature as a
mineral termed Anhydrite, and combined with 2 HyO as
selenite, gypsum, or alabaster. It is soluble in 400 parts
of water, and is a very common impurity in spring water,
giving rise to what is termed permanent hardness, as it.
cannot be removed by boiling. Gypsum when moderately
heated loses its water, and is then called plaster of Paris;
this when moistened takes up two atoms of water again
and sets to a solid mass, and is therefore much used for
making casts and moulds.

Calcium Chloride, Ca Cl,, This soluble salt is formed
when limestone or marble is dissolved in hydrochloric
acid (see p. 73); if the solution be then evaporated, colour-
less needle-shaped crystals of the hydrated chloride, Ca
Cl, 4+ 6 H,0, are formed. When these are dried the sub-
stance still retains 2 H;0, and forms a porous mass which
takes up moisture with great avidity, and is much used for
drying gases.. When this mass is more strongly heated
it fuses and parts with all its water.

Calcium Fluoride, Fluor spar, CaFl, Found crystal-
lized in cubes in Derbyshire and Cumberland. When
heated with sulphuric acid, calcium sulphate and hydro-
fluoric acid (see p. 105) are formed. It is sometimes used
as a flux in the reduction of metals, whence its name Fluor
Spar is derived. The foregoing are the most important
salts of calcium.

Among the remaining compounds of calcium may be
mentioned bleaching-powder, or chloride of lime, Ca Cl;
Ca 2 Cl10, the properties and mode of preparation of which
salt are described on p.96; calcium phosphate, or bone-
phosphate, Ca; 2PO, (see p. 134); calcium sulphide, CaS,
an insoluble substance formed in the soda-ash process (se&
p. 170) ; and calcium penta-sulphide, Ca Sj, a soluble salt.
The spectrum of calcium is a very peculiar one, contain-

: N
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ing a number of distinct bright lines by which the presence
of this metal can be easily ascertained. .

2. STRONTIUM. Symbol St. Combining Weight 87°5.

This element occurs in much smaller quantities than
calcium, or even barium, being found in only a few
mineral species, especially s¢zontianite the carbonate, anu
celestine the sulphate. Strontium likewise occurs in minute
quantities in certain spring waters. The metal has a yel-
lowish-white colour, and is prepared by the action of a
current of electricity on the tglsed chloride. It resembles
calcium closely in its properties ; its specific gravity is
2'54. When heated in the air it burns, forming the mon-
oxide strontia.

Strontium Oxide, or Strontia, Sr O. This oxide is best
obtained by decomposing the nitrate by heat; it unites
with water, evolving great heat, and forming the hydrate
SrO 4 9 H, O ; this is soluble in water, and absorbs car-
bonic acid with avidity. The native salts of strontium,
viz., the carbonate and sulphate, are insoluble, and serve
for the preparation of the remaining salts. The nitrate,
Sr 2NO,, and the chloride, Sr Cl,, are soluble in water;
these are the only salts of this metal which are employed
in the arts, and tﬁese are used for the preparation of red
fires, as the volatile salts of strontium ﬁave the power of
colouring the flame crimson. The spectrum of strontium
is a very characteristic one,and by this means the minutest
trace of this substance can be easily and certainly detected,
even in presence of calcium and barium salts.

3. BARIUM. Symbol Ba. Combining Weight 137.

Barium compounds occur somewhat more widely dis-
persed than those of strontium, the two most common
barium minerals being the sulphate, or Aeavy spar, and the
carbonate, or witherite. The metal barium has not yet
been obtained in the coherent state, but the metallic
powder may be prepared in a similar way as the two
former metals, which it closely resembles in its properties,

Barium Monoxide, or Baryta, Ba O. The best way of
forming this oxide is to decompose the nitrate by heat; it
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is a greyish porous mass, which fuses at a high tempera-
ture, and takes up water with evolution of much heat,
forming a crystalline hydrate, H, BaO; 4 8 H, O. This
hydrate is soluble in twenty parts of cold water, and the
solution on exposure to the air rapidly absorbs carbonic
acid and becomes milky. .

Barium Dioxide, Ba O;. When baryta is gently heated
in a current of oxygen gas, the two substances combine
together to form a dioxide containing twice as much oxygen
as baryta; this additional atom of oxygen is, however,
evolved at a higher temperature, and it has been proposed
to use this decomposition for the manufacture of oxygen
from theair. For this purpose, as soon as the dioxide BaO,
has been reduced to Ba O, the temperature is lowered,
and air passed over the baryta; this again takes up oxygen,
passing into Ba O,, which again is decomposed by a higher
temperature. This interesting process has, however, been
found not to work in practice. There are no salts known
corresponding to this oxide. .

Barium Chloride, BaCl,. This soluble salt is one of
the most important compounds of barium ; it crystallizes
in flat scales containing two atoms of water. It may be
prepared by dissolving the native carbonate in hydro-
chloric acid, and it is largely used as a precipitant for
sulphuric acid. Bartum Sulphate, Ba SO, occurs native
and crystalline as heavy spar; specific gravity 4°6 (whence
the name Barium, from BapVs (heavy). Itis one of the
most insoluble salts known, and falls as a white crystal-
line precipitate when any soluble barium salt is brought
into a solution of a sulphate. It is used as a paint, and
the precipitated salt is termed élanc fixé, whilst the na-
tive heavy spar, when ground, is largely used to adulterate
white lead (see p.213). :

The other more important salts of barium are the nitrate
Ba2 NO,, a soluble salt; the sulphide, a soluble salt, BaS,
obtained by heating heavy spar with coal and dissolving
in water ; the carbonate, Ba CO, an insoluble substance,
occurring native as witherite : the silicofluoride and the

N 2 '

\
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phosphate are insoluble salts, whilst strontium silico-
fluoride is soluble in water. The volatile salts of barium
have the power of communicating a peculiar green colour
to the flame, and the spectrum of barium contains a
number of characteristic green lines, by means of which
the presence of minute traces of this substance can be
detected.

Crass III. METALS OF THE EARTHS.

1. ALUMINIUM. Symbol Al. Combining Weight 27°4.
Specific Gravity 2°6.

This metal occurs in large quantities combined with
silicon and oxygen in felspar and all the older rocks, and.
also in clay, mar], slate, and in many crystalline minerals.
Metallic aluminium is obtained by passing the vapour of
aluminium chloride over metallic sodium. It has recently
been manufactured on a large scale both in England and
France, and, from its lightness (specific gravity 2°6) and
its bright lustre, it has been used for .optical purposes as
well as for ornamental work.

Alumina, Aly O,, specific gravity, 3'9. This is the only
oxide of aluminium known. It occurs native in a nearly
pure and crystalline state as corundum, ruby, sapphire, and
emery. Alumina is prepared by adding ammonia to a
" solution of alum ; a white precipitate of the hydrate falls
down, and this on being heated yields a white amorphous
powder of pure alumina. This substance is attacked
with difficulty by acids, but the hydrate is easily soluble
in acids and in the fixed caustic alkalies. Alumina acts
as a weak base; the commonest aluminium salts are the
alums, and their solutions have an acid re-action. Alumina
is largely used in dyeing and calico-printing as a mordant, -
as it has the power of forming insoluble compounds called
lakes with vegetable colouring matter, and thus renders
the colour permanent by fixing it in' the pores of .the
cloth so that it cannot be washed out; such colours are
termed fas?, : :
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Aluminium chloride, Al,Clg, is a volatile white solid
body, obtained by heating a mixture of alumina and char-
coal in a current of chlorine gas; it is used in the manu-
facture of the metal,

The soluble aluminium sulphate, A1;3S0,, is prepared on
a large scale for the use of the dyer by decomposing clay
by acting upon it with sulphuric acid; the solid mixture
of silica, and aluminium sulphate thus obtained goes by
the name of alum-cake. The most useful compounds of
alumina are, however, the alums, a series of double salts,
which aluminium sulphate forms with the alkaline sul-
phates. Common potash alum, or aluminixm potassium
sulphate, has the composition Al, K, 4S50, 4+ 24H, 0, and
crystallizes in regular octohedra (Fig. 38). It may be
prepared by dissolving the two sulphates-together, and
allowing the compound salt to crystallize, but it is usually
obtained from the decomposition of a shale or clay con-
taining iron pyrites, Fe S,; this substance gradually
undergoes oxidation when the shale is roasted, absorbs
oxygen from the air producing sulphuric acid, which
unites with the alumina of the clay, and on the addition
of a potassium compound, alum crystallizes out. A salt
called ammonium alum, and containing N H,, instead of
K, is at present prepared on a large scale, the ammonia
liquor of the gasworks, together with sulphuric acid, being
added to the burnt shale, instead of a potash salt.

There are a large number of other alums known, in which
the isomorphous sesquioxides of iron, chromium, and man-
ganese, are substituted for the alumina in common alum ;
all these alums occur in regular octohedra, and cannot
be separated by crystallization when present in solution
together. Clay is an aluminium-silicate resulting from
the disintegration and ‘decomposition of felspar by the
action of air and water, the soluble alkali being washed
away. Kaolin or porcelain clay is the purest form of dis-
integrated felspar, containing no iron or other impurities.
There are many very beautifully crystalline minerals, con-
sisting of aluminium silicates combined with silicates of
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the metals of the alkalies and alkaline earths ; amongst .
others, garnet, idocrase, mica, lepidolite, &c. Some
silicates, such as stilbite, analcime, &c. retain water of
crystallization, and are termed zeolites. Aluminium salts
can be detected when in solution by giving with ammonia
a white precipitate, insoluble in excess, but soluble in
caustic soda; and by assuming a blue colour when
moistened with cobalt solution and heated before the
blowpipe.

Glass, Porcelain, and Earthenware.

The silicates of the alkalies are, as we have seen,
soluble in water and non-crystalline; those of the alkaline
earths are soluble in acid and crystalline, whilst com-
pounds of the two are insoluble in water and acids, and
do not assume a crystalline form. Such a compound
when fused is termed a glass. There are four different
descriptions of glass used in the arts, differing in their
chemical composition and exhibiting corresponding dif-
ferences in their properties. (1) Crown- or window- and
'plate-glass, composed of silicates of soda and lime.
(2) Bohemian glass, consisting of silicates of potash and
lime. 332 Flint-glass or crystal, containing silicates of pot-
ash and lead oxide; and (4) Common green bottle-glass,
composed of silicates of soda, lime, oxide of iron, and
alumina. The first and third of these kinds of glass are
easily fusible, whilst the second or potash glass is much
more infusible; the addition of oxide of lead increases
the specific gravity, and the lustre of the glass, as well as
its fusibility. The common glass articles of household
use are generally made of flint glass, whilst for chemical
apparatus a soda-lime-glass is to be preferred. The
potash-lime-glass is much employed where a difficultly
fusible, or hard glass is needed, as for instance in the
manufacture of combustion tubes for organic analysis
(s¢e p.246). The fourth description of glass is an impure
mixture of various silicates, employed for purposes in
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which the colours and fineness of the glass is not of
consequence. .

In the preparation of all the fine qualities of glass, great
care is requisite in the selection of pure materials, as well
as in the processes of manufacture ; generally the mate-
rials are melted together with a quarter to half their weight
of “ cullet” or broken glass of the same kind. After the
glass articles have been blown or cast, they must all be
exgosed to the process of “annealing,” or slow cooling,
otherwise they are so brittle as to be perfectly useless,
breaking with the slightest touch, owing to the irregular
contraction of the different parts brought about by rapid
cooling. The following table shows the composition of
the chief varieties of glass.

INGREDIENTS FOR VARIOUS GLASSES.

Crown Glass. Mirror Plate.

Quartz Sand . . 100 parts. | Pure Sand . . 100 parts
Mild Lime . . 36 ,, |SodaAsh. . . 35
SodaAsh. . . 24 , Mild Lime . . §
Sodium Sulphate 12 ,, | Arsenious Oxide .,
Arsenious Oxide 3, |Cullet . . . .10 ,
Cullet ., . . . 100 ,

Bokemian Glass. Flint Glass.
Pure Sand. . . 100 ,, Pure Sand . . 100 ,,
Pure Pearlashes 60 ,, |RedLead. . . 20 ,
Chalk . . . . 8 Pearlash . . . 40 ,,
Cullet . . . . 40 , |[Nitre . . . . 2
Manganese Dioxide § ,, Cullet . . 50to 100 ,,

Coloured Glass. Certain metallic oxides possess the
power of colouring glass when they are added in small
quantity. Thus ferrous oxide produces a deep green
colour (bottle glass), whilst the oxides of manganese
impart a purple tint to glass; these facts are made use of
in the preparation of colourless glass, for as it is difficult
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to obtdini ‘materials perfectly free from iron, which imparts
a green colour, a small quantity of manganese dioxide
1s added to the mixture, and the violet colour thus pro-
duced is complementary to the green, and a nearly colour-
less glass is the result. The addition of arsenious oxide
effects the same end by oxidizing the ferrous- to ferric-
oxide. The colours of precious stones are imitated
by adding certain oxides to a brilliant lead glass called
“ paste;” thus the blue of the sapphire is given by a small
. quantity of cobalt oxide, whilst cuﬁrous oxide imparts a

ruby-red colour, and ferric oxide a yellow colour resembling
topaz. .

Iz)l’orcelain and Earthenware. The various forms of por-
celain and earthenware consist of silicate of alumina, in
fact clay, in a more or less pure state, covered with some
substance which fuses at a high temperature, and forms a
glaze, giving a smooth surface and binding the material
together, and thus counteracting the porous nature of the
baked clay. For the manufacture ofp porcelain the finest
white or China clay is used, resulting from the gradual
decomposition of felspar, whilst for the common earthen-
ware a coloured clay may be employed. The glaze
used for porcelain’ is generally finely powdered felspar,
the biscuit or porous ware being dipped into a vessel
containing this substance suspended in water and then
strongly fired. The articles thus coated can be used for
chemical purposes, as this glaze withstands the action
of acids. For earthenware the so-called “salt glaze” is
used; the mode of obtaining this glaze consists in throw-
ing some common salt into the furnaces containing the
strongly heated ware, when the salt is volatilized and
undergoes decomlposition on the heated surface, causing a
deposit of a fusible silicate upon it, and rendering the ware
impervious to moisture,
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LESSON XXI.
Crass IV. (1.) MAGNESIUM. (2.) ZINC. (3.) CADMIUM

1. MAGNESIUM. Symbol Mg. Combining Wesght 24°0.
Specific Gravity 1'74. )

This metal occurs in large quantities as carbonate,
along with calcium carbonate, in dolomite or mountain
limestone, and also in sea-water and certain mineral
springs, as _chloride and sulphate. The metal itself has
only recently been prepared in quantity ; it is best obtained
by heating magnesium chloride with metallic sodium,
sodium chloride and metallic magnesium being formed.
This metal is of a silver-white colour and fuses at a low red
heat, it is volatile, and may be easily distilled at a bright
red heat; when soft it can be pressed into wire, and with
care it may be cast like brass, although when strongly
heated in the air it takes fire and burns with a dazzling
white light, with the formation of its only oxide, magnesia.
The light emitted by burning magnesium wire is dis-
tinguished for its richness in chemically active rays, and
this substance is therefore employed as a substitute for
sunlight in photography.

Magnesium does not oxidize in dry air ; it is only slowly
acted upon by cold water, but more rapidly by hot water;
it rapidly dissolves in sulphuric and hydrochloric acids,
with evolution of hydrogen.

Magnesium Oxide, or Magnesia, Mg O. A light white
amorphous infusible powder, obtained by heating the
carbonate or nitrate. It upites with acids to form the
magnesium salts, but it does not possess a strong alkaline
reaction. The most important salts of magnesium are :—
Magnesium Chloride, Mg Cly, a fusible salt obtained by
heating a solution of magnesia in hydrochloric acid with
an equal quantity of sal-ammoniac; on fusion, the latter
salt volatilizes, and the magnesium chloride remains



186 ELEMENTARY CHEMISTRY. [LESSON

behind. Magnesium Sulphate, MgSO,+7H,0 : this is
a soluble substance known as Epsom Salts; it occurs in a
spring in Surrey, and contains seven atoms of water of
crystallization; it is now largely made from dolomite by
separating the lime with the sulphuric acid. Magnesium
sulphate forms, with the alkaline sulphates, double salts,
in which the alkaline sulphate takes the place of one atom
of water of crystallization; thus, MgSO,K,SO,46H;0
is the potash double salt. Z#ke Cardonate, fvthO,, is an
insoluble compound, occurring as a crystallized mineral
termed magnesite. The magnesia alba of the shops is a
varying mixture of carbonate and hydrate, made by pre-
cipitating a hot solution of magnesium sulphate with
sodium carbonate. Magnesium sulphide is not formed in
the wet way. Magnesium resembles in many respects the
metals of the alkaline earths, but it may be distinguished
from these by the solubility of the carbonate in ammonium
chloride, as well as by the ready solubility of the sulphate
in water. Magnesium forms an insoluble double phosphate
with ammonia, Mg NH,PO,+6H;0, and it is in this
form that the metal is usually estimated.

2. ZINC. SymbolZn. Combining Weight 652 Specific
Gravity 6'8 to 7°2.

Zinc is an abundant and useful metal, closely resembling
magnesium in its chemical characters; but it is much
more easily extracted from its ores than this latter metal.
The chief ores of zinc are the sulphide or blende, the
carbonate or calamine, and the red oxide. In order to
extract the metal the powdered ore is roasted, or exposed
to air at a high temperature, so as to convert the sulphide
or carbonate into oxide; the roasted ore is then mixed
with fine coal or charcoal and strongly heated in crucibles
or retorts of peculiar shape; the zinc oxide is reduced by
the carbon, carbonic oxide gas comes off, and the metallic
zinc distils over, and is easily condensed.

Zinc is a bluish-white metal, exhibiting crystalline struc-
ture; it is brittle at the ordinary temperature, but when
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heated to about 130° it may be rolled out or hammered
with ease, whilst if more strongly heated to 200° it is
again brittle, and may be broken up in a mortar. Zinc
melts at 423° and at a bright red heat it begins to boil
and volatilizes, or if air be present it takes fire and burns
with a luminous greenish flame, forming zinc oxide. Zinc
is not acted upon by moist or dry air, and hence it is
largely used in the form of sheets, and is employed as a
protecting covering for iron, which when thus coated, is
said to be galvanized. Zinc easily dissolves in dilute
acids with evolution of hydrogen, and it is thus used as
the oxidizable portion of the galvanic battery. Brass is
a useful alloy of one part of zinc and two of copper;
German silver is an alloy of zinc, nickel, and copper.
Zinc Oxide, In O, is the only known compound of this
metal with oxygen, and is obtained by burning the metal,
or by precipitating a soluble zinc salt with an alkali, and
heatini the precipitate. Zinc oxide is an insoluble white
amorphous powder, which when heated becomes yellow,
but loses this colour on cooling; it dissolves easily in
acids, giving rise to the zinc salts. The most important
salts of zinc are: Zinc sulphate, Zn SO, + 7 HiO, a
soluble salt, crystallizing in long prisms, and commonly
called white vitriol ; this salt is isomorphous with mag-
nesium sulphate, and like the latter salt it forms a series
of double salts with alkaline sulphates. Ve chloride,
Zn Cl,;, a white soluble, deliquescent substance, formed
by burning zinc in chlorine ; or better, by dissolving the
metal in hydrochloric acid. 7%e sulphide, Zn S, occurs as
a crystalline mineral called blende, generally coloured, from
presence of iron and other impurities; it is obtained
artificially as a white gelatinous precipitate, insoluble in
acetic, but soluble in a mineral acid, formed when an alka-
line sulphide is added to a soluble zinc salt. Z%e car-
bonate, Zn CO,, an insoluble substance, occurring native
as calamine : it cannot be prepared by precipitating a
solution of zinc salt by an ine carbonate, as a
quantity of oxide is precipitated along with the carbonate.
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The salts of zinc can be distinguished by the solubilitv of
the oxide in excess of both potash and ammonia; by the
white sulphide insoluble in acetic acid, and by the green
colour which a solution of cobalt chloride imparts to
these salts when heated before the blowpipe.

3. CADMIUM. Symbol Cd. Combining Weight 112.
Specific Gravity 8°6. .

This is a comparatively rare metal, occurring in certain
zinc ores. In its chemical relations it closely resembles
zinc, It is, however, more volatile than the latter metal,
and therefore distils over first in the preparation of; zinc.
Cadmium is a white ductile metal, melting at 315°; it may
be easily distinguished and separated from zinc by yielding
a bright yellow sulphide insoluble in hydrochloric acid.
The metal takes fire when heated in the air, forming a
brown oxide, Cd O. The chloride and sulphate are
soluble well-crystallizing salts. Cadmium iodide is occa-
sionally used in photography, and the yellow sulphide
has been employed as a pigment. .

CrLass V. IRON CLASS.—I, MANGANESE. 2, IRON.
3, COBALT. 4, NICKEL. 5, CHROMIUM. 6, URANIUM.
7, INDIUM.

1. MANGANESE. Symbol Mn. Combining Weight s5.
Specific Gravily 8o.

Manganese occurs in nature as an oxide, and it can be
obtained, though with difficulty, in the metallic state by
heating the oxide very strongly with charcoal. The
metal is of a reddish-white colour ; it is brittle, and hard
enough to scratch °glass. It decomposes water at the
ordinary temperature with evolution of hydrogen ; it can-
not be preserved in the air without undergoing oxidation,
and must be kept under naphtha, or in a sealed tube; it is
slightly magnetic, and, like iron, combines with carbon
and silicon. Metallic manganese is not used in the arts,
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but an alloy of this metal and iron is now made on a
large scale, and used in the manufacture of steel. Some
of its oxides are used for the purpose of evolving chlorine
from hydrochloric acid, and also for tinting glass a purple
colour. :

Manganese forms several well-characterized oxides :
(1) Manganous oxide, or manganese monoxide, MnO, is
a basic {ody, furnishing the series of well-known man-
ganous salts, in which the oxygen is replaced by its
equivalent of another element, or of a salt radical; thus,
MnO,MnCly, MnSO,Mn2NOQ; ; (2) manganic oxide, or
manganese sesquioxide, Mn,O,;, which also forms salts,
but of a much less stable character, and occurs in nature
as the mineral braunite ; (3) red, or mangano-manganic
oxide, MngO,, a neutral body, corresponding to the
magnetic oxide of iron, and occurring in nature as haus-
mannite ; (4) black oxide, or manganese dioxide, MnO,,
a neutral substance, occurring as the ore of manganese
in the minerals pyrolusite and varvacite; (5) and (6) two
compounds of manganese and oxygen which have not
been prepared in the anhydrous state, but of which the
acids corresponding are known in combination as salts ;
thus we have K,MnO,, potassium manganate,and KMnO,,
potassium permanganate.

Manganous Oxide, MnO, is a greenish powder, ob-
tained by heating the carbopate in absence of air; it
forms, with acids, a series of pik-coloured salts, and
rapidly absorbs oxygen, passing into a higher state of
oxidation. The hydrate is precipitated as a white gela-
tinous mass, when an alkali is addéd to a solution of
manganous salt; this, however, raFidly becomes brown,
owing to a.bsor{)tion of oxygen. Of the manganous salts,
the chief soluble ones are, the su/pkate, MnSO, +- sH,0
a pink-coloured crystalline salt, prepared by acting on the
dioxide with sulphuric acid, oxygen gas being evolved,

MnO,+ H,SO, = MnSO,+ O 4 H,0;
the chloride, MnCl; 4 4 H30, is a salt obtained by crys-
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tallization from the residues in the manufacture of chlorine
from the dioxide and hydrochloric acid,
MnO, + 4 HCl = MnCl,+2H,0 + Cl,.

Among the msoluble manganous salts of importance are
the sulphide, MnS, obtained as a flesh-coloured precipitate
by the addition of an alkaline sulphide to a soluble man-
ganous salt; and the carbonate, MnCQ,, which occurs
native, crystallizing like calcspar in rhombohedra, and is
prepared as a white powder by precipitating a manganous
salt by an alkaline carbonate.

Manganese Sesquioxide, MnyO,, exists in nature as
braunite, and may be prepared artificially by exposin,
manganous oxide to a red heat. It forms a series o%
somewhat unstable salts, of which the manganese alum
is one of the most interesting, being isomorphous with
common alum, in which Mn,0, is substituted for Al;O,.

Manganese Dioxide,Mn O, 1s the common black ore of
manganese, and is termed pyrolusite by mineralogists ; it
_ can be artificially formed by adding a solution of bleach-
ing powder to a manganous salt. This substance yields
one-third of its oxygen when heated to redness (see p. 12),
forming the red oxide, 3MnQOy = Mn,0, 4 O,, and gives
up half its oxygen when heated with sulphuric acid (see
above.) It is largely used for the manufacture of chlorine.

Manganic, and Per-manganic Acids. 'When an oxide
of manganese is fused with caustic alkali, a bright green
mass is formed, which yields a dark green solution; this
contains potassium manganate, K;MnO,, which may be
crystallized, and is isomorphous with the corresponding
sulphate and chromate. If this green solution be allowed
to stand, it slowly changes to a bright purple colour, and
hydrated manganic dioxide is deposited, hence its common
name of mineral chamelion: it then contains a new salt
in solution, viz. a per-manganate, KMnO,, which may be
obtained in the crystalline state by evaporation, and is
isomorphous with potassium perchlorate. The presence
of a few drops of acid at once effects this decomposition
on the green solution.
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The manganates and per-manganates readily give up
a part of their oxygen in presence of organic matter, and
they are now largely used as disinfectants, and known as
Condy’s liquids, as well as being employed in the labo-
ratory for the purposes of volumetric analysis. Manga-
nese is chiefly characterized by the flesh-coloured sulphide,
and by the formation of the green sodium manganate, a
most delicate re-action.

LESSON XXII.

2. IRON. Symbol Fe. Combining Weight 65. Specific
Gravity 7°8.

Iron is of all metals the most important to mankind.
The uses of iron were long unknown to the human race,
the age of iron implements being preceded by those of
bronze and stone. Pure metallic iron exists only in very
small quantity on the earth’s surface, almost entirely
occurring in those peculiar structures known as meteoric
stones, which possess an extra-terrestrial origin.

The process of obtainining iron from its ores is a some-
what difficult one, and requires an amount of knowledge
and skill which the early races of men did not possess.
The iron of commerce exists in three different forms, ex-
hibiting very different properties, and possessing different
chemitl:al constitutions : 1, wrought iron; 2, cast iron;
3, steel.

The first is nearly pure iron, the second is a compound
of iron with varying guar.tities of carbon and silicon, and
the third a compound of iron with less carbon than that
needed to form cast iron. The modes of manufacture of
these three kinds of iron are essentially different, and will
be best understood when the properties of the metal have
been described. '

Pure iron in the form of powder may be obtained by
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reducing the oxide, moderately heated in a current of
hydrogen ; it must, however, be retained in an atmo-
sphere of hydrogen, as finely-divided iron takes fire and
burns to oxide when exposed to the air. A button of
pure iron may be prepared by exposing fine iron wire
mixed with some oxide of iron to a very high temperature
in a covered crucible, the oxide retaining the -traces of
impurity which the wire contained. Iron has a bright
white colour, and is remarkably tough, though soft, an
iron wire two mm. in thickness not breakipg until when
weighted with 250kilogs. The pure metal crystallizes in
cubes; iron which has been uniformly hammered exhibits,
when broken, a granular and crystalline structure; this
structure becomes, however, fibrous when the iron is
rolled into bars, and the more or less perfect form of the
fibre determines to a great extent the value of the metal.
This fibrous texture of hammered bar iron undergoes a
change when exposed to long-continued vibration, the iron
returning to its original crystalline condition, and many
accidents have occurred in the sudden snapping of rail-
way axles, owing to this change from the i?brous to the
granular texture. Wrought iron melts at a very high tem-
perature; but as it becomes soft at a much lower point,
it can be easily worked, especially as, when hot, it pos-
sesses the peculiar property of “welding;” that is, the
power of uniting firmly when two clean surfaces of hot
metal are hammered together.

Iron and certain of its compounds are strongly mag-
netic, but the metal loses this power when red-hot, re-
gaining it upon cooling. A solid mass of iron does
not oxidize or tarnish in dry air, at the ordinary tem-
perature, although iron powder takes fire spontaneously ;
but if heated, it oxidizes with the production of black
scales of oxide, and when more strongly heated in the
air, or plunied into oxygen gas, it burns with the for-
mation of the same black oxide. In pure water, iron
does not lose its brilliancy ; but if a trace of carbonic
acid is present, and access of air is permitted, the iron
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begins at once to oxidize at the surface, or to rust, forming
a hydrated sesquioxide. Iron decomposes steam at a
red heat, liberating hydrogen (se¢ p. 16), and forming the
black oxide produced by the combustion of iron in oxygen.
The oxides of iron are four in number : (1) the monoxide,
or ferrous oxide, FeO, from which the green or ferrous
salts are derived; (2) the sesqui- or ferric-oxide, Fe,0,,
yielding the yellow ferric salts ; (3) the magnetic, or black
oxide, Fe;O,, which does not form any definite salts;
(4) ferric acid, H,FeO,, a weak acid, forming coloured
salts with potassium.

Ferrous Oxide, or Protoxide of Iron, FeO. This sub-
stance has not been prepared in the pure state, owing to
the great readiness with which it absorbs oxygen, passing
into the higher oxides. Hydrated ferrous oxide is thrown
down as a white precipitate, when potash or soda is
added to a soluble ferrous salt; this white precipitate can
only be obtained in complete absence of oxygen, as it at
once absorbs this gas, yielding a greenish-brown precipi-
tate of a higher oxide. * This oxide colours glass green
(see p. 183), and gives the peculiar tint to common bottle-
glass. The most important of the ferrous salts are—

Ferrous Sulphate, Fe SO, + 7H,0. This soluble
salt, sometimes called green vitriol, is obtained by dis-
solving (1) metallic i