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THE lapse of time having necessitated a thorough revision
of the text, the opportunity has been taken of introducing
the system of atomic weights based on the atomic weight
of oxygen—16, which is now universally employed.

Two additional lessons have been inserted, one dealing
in an elementary manner with the constitution of some of
the simpler compounds of carbon, and the other with the
radioactive elements.

Additional prominence has been given to various points
of chemical theory, and 1t i1s hoped that the new edition
will meet the requirements of a somewhat wider circle of

students than the one which it replaces.

HENRY E. ROSCOE.
ARTHUR HARDEN.

December 1910,
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PREEFACE

THE present work is intended to supplement the smaller
volume of /norganic Chemistry for Beginners, published six
years ago. It has been, therefore, prepared for the use of
students who have mastered the more elementary portions
of the Science. But at the same time, whilst the endea-
vour of the authors has been to put forward the most
important characters of the compounds of those non-
metallic elements not treated of in the former work, and to
add the properties of the commoner metals and their salts
in a clear and concise form, it i1s to be noted that the
volume cannot lay claim to being an advanced treatise on
the Science. In addition to the portions describing the
properties of chemical compounds, lessons will be found
on certain important points of chemical theory, and others
on the application of chemistry to the Arts and Industries.
These chapters are interspersed through the volume, in
order to relieve the student from the somewhat tedious
task of working without interruption through a long series
of lessons on the metals and their compounds.

HENRY E. ROSCOE.
ARTHUR HARDEN,

September 18909,
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LESSON 1
MOLECULAR AND ATOMIC WEIGHTS

IN the /norganic Chemistry for Beginners, which constitutes an
introduction to the present work, the student has been familiar-
ised with the laws of chemical combination (Roscoe and Lunt,
p. 27), and with Dalton’s atomic theory (R. and L., p. 30).
The application of this theory to the combination of gases
has also been discussed (R. and L., p. 55), together with the
experiments and reasoning which have led chemists to the
adoption of Avogadro’s theory, that equal volumes of all gases
(mieasured wunder the same conditions) contain equal numbers of
molecules.

We now pass on to the next important step in chemical
theory—the application of Avogadro’s theory to the determina-
tion of molecular and atomic weights.

The Molecular Weights of Volatile Substances

The first and most direct consequence of the adoption of
Avogadro’s theory is that if we weigh egual volumes of two
gases it i1s obvious that we are weighing egual numbers of the
molecules of both gases. Thus, since we find by experiment
that 1 litre of oxygen weighs 16 times as much as 1 litre of
hydrogen, we may conclude that eack molecule of oxygen weighs
16 fimes as much as each molecule of hydrogen, since, by Avo-
gadro’s theory, there are the same number of molecules in 1
litre of each gas.

It 1s to be observed that this does not tell us the actual
weight of a single molecule of oxygen or hydrogen, but only

£z B



2 MOLECULAR AND ATOMIC WEIGHTS LESSON 1

the relation between the two, so that the ratio, 1:16, represents
the relative weight of the molecules of hydrogen and oxygen.

The relative weights of the molecules of all gases may
be determined in a similar manner to the above by simply
comparing the densities of the gases under the same conditions
of temperature and pressure. An account of the experimental
methods to be adopted for this purpose is given in Lesson II,
pp. 8-14.

For the sake of convenience and uniformity, it is necessary
to select some substance as a standard and compare the
molecular weights of all substances with that of the standard
material. Any substance may be chosen for this purpose, and
at one time it was usual to take hydrogen as the standard
substance. More recently it has been found convenient, for
reasons explained on p. 62, to select oxygen as the standard
substance., Now the molecule of oxygen, as we have just
seen, 15 16 times as heavy as that of hydrogen, and hence the
molecular weight of any gaseous substance, compared with
that of oxygen, can be ascertained either directly by determining
the density of the gas compared with oxygen, or indirectly by
comparing the density with that of hydrogen and then cal-
culating. Now the weight of the molecule of any substance
must obviously be equal to the sum of the weights of the
atoms which are contained in it. Before going any further,
therefore, it 1s necessary to ascertain Aow many atoms there
are in a molecule of the standard substance. Taking first the
case of hydrogen, this may be done by considering the com-
bination of this gas with chlorine.

1. We know by experiment that 1 wolume of hydrogen
unites with 1 wolume of chlorine to form 2 wolumes of hydro-
chloric acid gas.

2. It follows from this, according to Avogadro’s theory,
that 1 molecule of hydrogen unites with 1 molecuie of chlorine
to form 2 molecules of hydrochloric acid gas.

3. Each of these molecules of hydrochloric acid gas must
contain at least one atom of hydrogen, because the gas is a
compound of hydrogen with chlorine ; and hence it follows :—

4. That each molecule of hydrogen has yielded two separate
atoms of hydrogen.

This chain of reasoning may be illustrated diagrammatically
as follows :—
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EXPERIMENTAL OBSERVATION.

7
.

§ _

S [
) / E /
/ % 72
1 volume 1 volume 2 volumes
Hydrogen. Chlorine. Hydrochloric acid.

HENCE BY AvoGaDro's THEORY.

T = % + ///

7 % ,////,
1 molecule * 1 molecule 2z separate molecules
Hydrogen. Chlorine. Hydrochloric acid.

Each of these molecules contains 1 atom
of hydrogen, 1 atom of chlerine.

Hence each molecule of hydrogen and of chlorine has yielded 2 separate atoms.

/%;V

1 molecule Hydrogen=z atoms. 1 molecule Chlorine=2 atoms.

DN

Fig. 1.

It thus appears that eack molecule of hydrogen consisis of at
least fwo aloms, the same being true of the molecule of
chlorine, No case has ever yet been found in which a single
molecule of hydrogen yields more than two separate atoms of
hydrogen, and hence the conclusion is drawn that it only
contains two atoms.

When therefore the atomic weight of hydrogen is taken as
1, the molecular weight of hydrogen is 2.

It can be shown in a precisely similar manner that the mole-
cule of oxygen also contains two atoms. Two volumes of
hydrogen unite with one of oxygen, forming two volumes of
gaseous water. Hence, as above, each molecule of oxygen
must have yielded two atoms of oxygen. When, therefore,
the atomic weight of oxygen is taken as 16, the molecular
weight of oxygen is 3z.
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We are now able to express all molecular weights with
reference to the atomic weight either of hydrogen or of
oxygen. Thus a molecule of chlorine weighs 35.5 times as
much as one of hydrogen, and therefore, since the molecule
of hydrogen weighs 2, the molecule of chlorine must weigh
35.5 x 2=71. Taking oxygen as the standard we find that
a molecule of chlorine weighs 2.22 times as much as one of
oxygen, and therefore since the molecule of oxygen we1ghs may
that of chlorine must weigh 2.22 x 32 =71.

The method for calculating the molecular weight becomes
practically very simple. The relative density of the gas to
hydrogen expresses also the relative weight of the molecules
of the two gases. Since, however, the molecular weight of
hydrogen is 2, the molecular weight of the second gas is equal
to the “density of the gas” x 2. The same result is arrived at
by taking the density compared with oxygen and multiplying by
32. In practice the gas is often compared with air, the density
of which is 14.39 compared with hydrogen and the molecular
weight 15 then ¢ density of the gas relatively toair” x 14.39 % 2.

The following table illustrates the application of this
method :—

~ =

! SRt atice Density compared Approximate

. E : with Hydrogen. Molecular Weight.
Hydrogen . . il 1 2
Oygen | o : 16 32
Chlorine . . : e Lals 7T

| Carbonic acid gas - 22 44
Carbonic oxide . : 14 28
Nitrous oxide : <l 22 44
Nitric oxide . ; el 15 30
Ammonia ; : 8.5 L7
Marsh gas . : : 8 16
Water g 18

Determinations of molecular weight from the density are not very
accurate, unless very elaborate corrections are made. This is owing to
the fact that all gases deviate to some degree from the ideal state for
which Boyle's law holds exactly. Hence Avogadro’s theory is only
1ppr::mm1te1y true, and the molecular weights determined by its aid are
also not perfectly accurate. The number 16 given above for the density
of oxygen compared with hydrogen is also only approximate and
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represents the nearest whole number to the true value. As long as it is
accepted, no difference exists between the molecular weights expressed in
terms of the atomic weights of hydrogen=1 and of that of oxygen=16.
The true value of the relative density is, however, 15.88, so that when
the molecule of oxygen is taken as 32, that of hydrogen becomes

I - -
S E—gé'xgz:z.mﬁ, instead of 2. As already mentioned the molecular
IK.

weight of oxygen=32 is taken as the standard of comparison, and this
number must be used for all accurate work. Except in cases where
special accuracy is required, the molecular weight of hydrogen may be
expressed by the approximate number =z.

Determination of the Atomic Weights of Elements
which form Volatile Compounds

Before assigning a formula to a substance of which the
molecular weight i1s known, it is necessary to learn—

1. The atomic weight of each of the elements contained in
the substance.

2. The number of atoms of each element present in a single
molecule of the body,

Before being able to gain any information on either of these
points, we must first clearly understand what is meant by the
expression “atom.” Atoms are, as already explained (R, and L.,
p. 30), the ultimate particles of which all substances are made
up. What we have to ask 1s, then, What is the smallest
amount of each element which is ever found? This question
can be answered by finding out #ke smallest amount of an
element which ever occurs in a molecuele, and this 1s taken as
the atom.

Let us commence with oxygen. The amount of oxygen
contained in a molecular proportion of any substance can be
ascertained by determining the molecular weight of the
substance, and then finding out by analysis the amount of
oxygen present in this quantity of it.

Thus oxygen readily combines with carbon to form carbonic
acid gas, which 1s found by analysis to contain 72.7 per cent
of oxygen, whilst its molecular weight is 44.

Since 100 parts of carbonic acid gas contain 72.7 of oxygen,

SO e e A0
44 parts contain — "~ = 32 of oxygen.
In order to find out whether the number 32 represents
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the atomic weight of oxygen, it is next necessary to compare
the amounts of this element which are contained in the mole-
cules of a number of its compounds. This is done in the
following table, the amount of oxygen in the molecule being
in each case calculated from the analysis of the substance.

pa—

I i
Percentage 2
Sibaraiee of Gx}-ggl Molecular ﬂi‘xmc;ﬁni; f;fne ﬁ?tgﬁiro?f
found by Weight. E&%icculc | Oxygen in
Analysis. . Molecule.
Carbonic acid gas go, 7 44 32 2
Nitrous oxide 5 36. 4 44 16 I
. Water ; 88.9 18 16 1
Carbonic oxide . 57.1 28 16 T
Sulphur dioxide . 50 6.4 3z e
Sulphur trioxide . 6o 8o 48 3
Oxygen gas. : 100 32 32 z
Ozone - . | r00 48 48 3
|

The least of these numbers is 16, and since no compound
of the element is found the molecule of which contains less
than 16 of oxygen, the atom of oxygen is said to weigh 16
times as much as the atom of hydrogen.

We thus see that the molecule of carbonic acid gas contains
2 atoms of oxygen, that of water 1 atom, that of oxygen
itself 2 atoms, that of ozone 3 atoms, etc.

By exactly similar methods it is found that the atomic
weight of chlorine is about 35.5, that of nitrogen 14, that of
carbon 12, etc. The numbers obtained by the foregoing
methods are only approximately correct, since the determina-
tion of the density of gases and vapours is attended by un-
avoidable errors; and, moreover, the different gases do not
behave exactly in the same way when their temperature or
pressure 1s altered,

The numbers which are actually taken to represent the
atomic weights of the elements are therefore obtained by very
carefully ascertaining the eguivalesnt of each element by analysis,
and then finding out what multiple of the equivalent is most
nearly equal to the atomic weight, as determined by the
‘method given above. Moreover these equivalents are
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o

determined by finding the amount equivalent to 8 parts of
oxygen (p. 63). Thus strictly speaking 8 parts of oxygen
combine with 1.008 of hydrogen, and these are therefore
equivalent quantities. Now, as we have seen, when the
atomic weight of oxygen is taken as 16, that of hydrogen is
approximately 1, and the nearest multiple of 1.008 to this is
1.008 x 1 =1.008. Hence 1.008 is taken as the exact atomic
weight of hydrogen, 1 being only used as a convenient whole
number when no great exactness is required.

Molecular Volume of Gases.—The volume occupied at
N.T.P. by the weight of a gas equal to the molecular weight
expressed in grams. is called the molecular volume of the gas,
and it follows from Avogadro’s theory that this is the same for
all gases. The actual value of the molecular volume is
determined by ascertaining the volume of 32 grams. of oxygen
at N.T.P. and is found to be 22.4 litres.

SUMMARY

1. The molecular weight of a volatile substance is ascertained by
determining the density of the vapour of the substance compared with

seme standard substance, such as oxygen, hydrogen, or air.
2. The molecule of hydrogen contains two atoms, and the molecular

weight of hydrogen is (approximately) 2. The molecular weight of any
other gas or vapour is therefore {apprc-ximatel}'} equal to twice its density
compared with hydrogen.

3. The atomic weight of an element is the smallest amount of it
which is ever found in a molecule. It is ascertained by comparing the
amounts of the element which are contained in the molecules of a number
of its compounds.

4. Oxygen is now taken as the standard of comparison instead of
hydrogen, the molecular weight being 32, the atomic weight 16, and the
equivalent weight 8. The corresponding exact values for hydrogen are,
molecular weight 2.016, atomic weight and equivalent weight 1.008,
The molecular weight 2 and atomic weight 1 can be used for hydrogen

when no great accuracy is desired.



LESSON I1I

EXPERIMENTAL DETERMINATION OF THE MOLECULAR
WEIGHTS OF GASES AND VOLATILE LIQUIDS AND
SOLIDS

IN order to determine the molecular weight, it is necessary, as
we have just seen, to ascertain the density of the substance in
the state of gas. It is therefore possible to determine the
molecular weight of any substance which can be converted
into a gas without undergoing decomposition. The method
employed is in principle always the same; the weight of a
given volume of the gas or vapour is compared with the weight
of an equal volume of air or some other gas of known density,
measured under the same conditions of temperature and
pressure. Practically somewhat different methods have to be

used when the substance is a gas under ordinary conditions,
and when it is a liquid or a solid.

1. Permanent Gases

For this purpose it is only necessary to determine the
specific gravity of the gas, air being usually taken as the
practical unit of comparison. A large glass balloon, capable
of holding from 1 to Io litres of the gas, is employed, and is
first of all freed from air as far as is possible by the vacuum
pump and weighed. In weighing a body of such large volume,
it is essential to make allowance for the buoyancy of the air,
since the body to be weighed appears to be lighter than it really
1s by an amount equal to the weight of the air which it dis-
places. This is best accomplished (Fig. 2) by suspending a vessel
of similar size and shape to the other arm of the balance, by
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which arrangement the effect of buoyancy is neutralised, each
of the vessels being affected in the same manner, and at the
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same time the uncertainties of calculation, due to the varying
temperature, pressure, and moisture of the atmosphere are

-



10 MOLECULAR WEIGHTS OF GASES, ETC. LEssON 11

avoided, as well as any inaccuracy due to condensation of
moisture on the surface of the glass.

As soon as the weight of the empty vessel has bheen
ascertained, it 1s removed from the balance and filled with the
pure dry gas, the temperature and pressure being carefully
observed. The globe is then reweighed with the same pre-
cautions as before. A

The difference between the corrected weights of the globe
empty and filled with the gas 1s equal to the weight' (W) of
the given volume of gas at the observed temperature and
pressure. The same globe is then filled with dry air freed
from carbonic acid (or else with some gas, such as pure
hydrogen, oxygen, etc.), and the weight of an equal volume of
the latter (A), under the same conditions, thus ascertained.
The specific gravity of the gas compared with air (or hydrogen,

etc.) i1s then equal to g Since air has been found to be 14.39

times as heavy as hydrogen and to have the density 0.9o62
relative to oxygen, the density compared with hydrogen or
oxygen may be found when air has been used by multiplying
the density compared with air by one of these numbers. The
molecular weight is, as we have seen, * the density compared
with oxygen x 32" or “the density compared with hydrogen
i

Example,—In a determination of the density of hydrogen
compared with oxygen the following results were obtained :—

Weight of 8.837 litres of oxygen at o° and 760 mm. =
11.788 grms.

Weight of an equal volume of hydrogen under the same
conditions = 0.7423.

. . 0.7423

Hence the density of hydrogen 1s "I-I"_?88=0.063.

The molecular weight is therefore 0.063 x 32 = 2.016, when
that of oxygen is 32.

2. Volatile Liguids and Solids

The specific gravity of the vapour of a liquid or solid can
be determined in two ways: either by weighing the vapour
which occupies a known volume under given conditions of
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temperature and pressure (Method of Dumas), or by measur-
ing the volume occupied under given conditions by the vapour
of a known weight of the liquid or solid (Method of Victor
Meyer).

1. Method of Dumas.—For this purpose a thin glass globe
is employed of 150-200 cc. capacity, having a finely drawn-
out neck (Fig. 3); the exact weight of the globe, weighed in air
and filled with dry air at the prevailing temperature and pressure,
having been found, a small portion of the substance of which
the vapour density is to be determined is brought inside. The
globe i1s then heated by being plunged into a water or
oil-bath raised to a tem-
perature at least 30° above
, the boiling-point of the sub-
stance. As soon as the
vapour has ceased to 1ssue
from the end of the neck,
the latter 1s drawn out and
hermetically sealed before a
blowpipe, and the exact tem-
perature of the bath as well
as the barometric pressure
observed. The bulb thus
filled with vapour is carefully
cleaned, allowed to cool, and
accurately weighed. The
point of the neck is next
broken under water, which
rushes into the globe, the
vapour having condensed,
and, if the experiment has

Fig. 3- been well conducted, com-

pletely fills it with the ex-

ception of a small bubble. The bulb is then weighed full of

water, and its capacity calculated from the weight of the water
which has entered.

We have now all the data necessary for the determination.
In the first place, we have to find the weight of the given
volume of the vapour under certain conditions of temperature
and pressure, and we have then to compare this with the
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weight of an equal volume of hydrogen or oxygen gas measured
under the same circumstances. The following example of the
determination of the vapour density of water may serve to
illustrate the method of calculation ;-—

Weight of globe filled with dry air at 15.5° . 23.449 grms.
Weight of globe filled with vapour at 140" . 23.326
Capacity of the globe A . il BT ee

n

As the barometric column, 760 mm., underwent no change
from the beginning to the end of the experiment, no correction
for pressure 1s necessary. |

In order to find the weight of the vacuous globe, the weight
of the air contained i the globe must be deducted from the
weight of the globe.

Now I cc. of air at o° and 760 mm. pressure weighs
0.0012¢3 grms.—

178 X 273
~ 288.¢
at 0”, so that the weight of this air is 168.4 x 0.001293 =0.218
grms. .

Hence the weight of the vacuous globe is 23.449 — 0.218 =
23.231 grms.; and the weight of the vapour is consequently
23.326 — 23.231 =0.005 grms.

We must now find what 178 cc. of hydrogen at 140" and
760 mm. will weigh.

1000 cc. of hydrogen at 0° and 760 mm. weigh 0.0899 grm,

178 cc. of air at 15.5° would occupy =168.4 cc.

178 cc, at 140" contract to M =11%.6 cc.at 0°, and
413
these weigh LLR0 X r.:r.{:f_S_g_g = 0.0106 grm.
1000
Hence the density of the vapour as found by experiment is
0.095 .06,
0.0106

and the molecular weight of water is 8.96 x 2=17.92.

If required the more accurate factor 2.016 may be used, in
which case the result becomes 8.96 x 2.016 = 18.06.

In this example many minor corrections, such as the
expansion of the glass globe, the error of the mercurial
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thermometer, etc., are not considered, but the above method,
carried out as described, gives results which are sufficiently
accurate when the object, as in this case, is
to control the molecular weight of a compound.

2. Method of Victor Meyer.—The glass
vessel (&, Fig. 4) filled with air is heated by the
vapour of water or some other liquid placed
in the bulb (¢), which may if necessary be
replaced by an air bath, until no more air
is observed to pass out of the gas delivery
tube (a). The cork (&) is then removed and
a weighed quantity of the substance of which
the vapour density is required, contained in
a small glass bulb, is dropped into the tube
(4), and the cork then quickly inserted. The
substance rapidly evaporates and its vapour
displaces a portion of the air contained in
the apparatus, which is expelled through the
delivery tube and collected in a graduated tube
over water, in which it is carefully measured.

This method has the great advantage of
dispensing with a knowledge of the tempera-
ture to which the tube 1s heated. It is to be
borne in mind that what we require to know
is the weight of such a quantity of air as
is equal in bulk to the vapour under the same
conditions. Whether this volume of air be
measured at the temperature of the vapour
or at that of the atmosphere, it has of course
the same weight,

An example will make this clear,

In a determination of the molecular weight
of chloroform, CHCl,, heated by water vapour,
it was found that o.1008 grm. of substance [
displaced 20 cc. of air, measured over water )
at 15° and 770 mm, pressure,

The corrected volume of dry air is, therefore,

20X 273 X (770 —13)
B e 2SS
(13 1s the vapour pressure of water at 15° in mm. of mercury).
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The weight of this volume of air i1s 18.9 x 0.001293 =
0.0244 grm. The vapour density of chloroform is, therefore,

0.1008

0.0244  +13
compared with air, or 4.13 X 14.39=59.4 compared with
hydrogen, and the molecular weight is 59.4 x 2=118.8 (or
more accurately 59.4 x 2.016=119.7).

EXERCISES

1. How would you determine the molecular weight of sulphuretted
hydrogen ?

2. 1 litre of chlorine measured at o° and 760 mm. pressure weighs
3.207 grms. Calculate from this the molecular weight of chlorine.

3. Hydrochloric acid gas has the density 1.26 compared with air.
What is its molecular weight ?

4. Ozone has the density 1.5 compared with oxygen. What is the
molecular weight of this gas?

5. I part by weight of hydrogen unites with 3 parts of carbon to form
marsh gas, and with 6 parts to form olehant gas. The density of marsh
gas is o.57, and that of olefiant gas o.g7 (air=1). Calculate the mole-
cular weights of these gases. - What information do these facts afford
about the atomic weight of carbon ?

6. Carbon oxychloride is formed by the union of equal volumes of
carbon monoxide and chlorine, and has a density of 3.4. (Air=1.) Find
its molecular weight and formula.

7. Calculate the molecular weight of chloroform from the following
data obtained by Dumas’ method.

Capacity of bulb=127 cbe.
Temperature of bath=136° C.
Weight of vapour =o0. 4524.

8. In a determination of the vapour density of carbon disulphide by
Victor Meyer's method, it was found that o.380 grm. of the liquid dis-
placed 12,1 cbe. of air measured over water at 135° and 760 mm, pressure,
Calculate the molecular weight of the substance.

g. Why has the atomic weight of 14.01 been assigned to nitrogen ?

1o. What reasons have we for supposing that the molecules of chlorine
and nitrogen comtain two atoms ?



LESSON III
SOLUTION AND CRYSTALLISATION

IT has already been pointed out that many solids dissolve in
liquids, and that the amount dissolved in a given weight of
the liquid, or, as it is called, the solubility of the subsiance,
depends on the temperature, and generally becomes greater
as the temperature rises, although this is not always the case
(R. and L., p. 116).

A solution of a solid substance in water differs in many of
its properties from pure water, some of the most important of
these differences being the following :—

I. Boiling-point and Vapour Pressure.—A solution of
a solid substance in water always boils at a higher temperature
than pure water. Thus a saturated solution of common salt
boils at 109°, whilst calcium chloride solution boils at 180°;
and solutions of this kind are often used for obtaining a con-
stant temperature higher than that of boiling water.

EXPERIMENT I.—Prepare saturated solutions of common

salt, potassium nitrate, and ammonium chloride, and
ascertain their boiling-points, taking care that some of
the solid salt 1s present throughout the experiment.

Now the boiling-point of a liquid is simply the temperature
at which its vapour pressure is equal to the pressure of the
atmosphere to which it is exposed (K. and L., p. 108). Hence
it appears that a saturated solution of common salt has a
vapour pressure of I atmosphere or 760 mm. of mercury at
109°, whilst pure water has the same pressure at 100°, its
boiling-point, and at 109° has the greater vapour pressure of
about 1.4 atmospheres. When compared at the same tem-
perature therefore a solution of a salt always has a lower
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vapowr pressure than the pure liguid wsed as the solvent.
This is shown graphically in the curves (Fig. 5), which re-
present the vapour pressures at different temperatures of pure
water and a 20 per cent solution of common salt, NaCl. Thus
at 100" when the vapour pressure of water is 760 mm., that
of the salt solution
is only about 680

5 e ﬂ':'
mm., whilst at 103 S E | /
when that of the salt m.m. ; ,"
solution 1s 760 mm., .
that of the water is TR

about goo mm. A
similar behaviour 1s Eis
shown by all solu- »mum.
tions of solid sub-
stances In  water, —
even when  very
dilute.

I1I. Behaviour mm
on Cooling.—The
freezing - point of a
liquid 15 the tem-
perature at v:-']uch L
becomes sohd, and m.m. /
is a perfectly definite
property of the liquid.
When a pure liquid
is cooled, it begins
to solidify as soon 50" - 60° . MOT.  E0T a0 e Ia
as this temperature Fig. s.
1s reached, and the
temperature remains constant until the whole has become solid,
provided that the mass is well agitated.

When a solution of a salt or other solid is cooled, hﬂwEvEr
a number of different things may happen. Taking a sulutmn
of potassium nitrate, or ammonium chloride as one of the
simplest examples, what occurs 1s as follows:—

1. When a saturated solution of potassium nitrate is cooled,
a solid, identical in composition with the original salt, separates
out. This is the usual result obtained by cooling a saturated

\
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solution of a solid substance ; but in some cases the substance
which separates out 1s not identical with that which was dis-
solved but contains water of crystallisation, some of the solvent
having combined with the salt. This is the case, for instance,
when anhydrous sodium carbonate or anhydrous calciumchloride
1s dissolved in water,
O bl o EXPERIMENT 2.—
/ Make hot satur-

ated solutions of
potassium nitrate

§ / and anhydrous
75 sodium  carbon-
ate,- cool and
‘ : allow to crystal-
/f/ lise. Drain the
crystals, and

60
/ then thoroughly
/ dry with filter

/ paper. Test the

o il ! original salts and

the powders thus

/ obtained by

heating in a dry

/' ' tube, and notice

/ ' that the potas-

sium nitrate, like

010 20 80 40 50 60  70% the Grigina.l salt,

Percentage of Salt does not give off

Fig 6. any moisture,

whereas the cry-

stallised sodium carbonate, unlike the original salt, gives
it off freely.

2. When a sufficiently dilute solution of a salt is cooled, it
i1s found that its temperature can be lowered below 0°, the
freezing-point of pure water, without any ice being formed, but
that at last a temperature is reached at which ice is formed.
The solid matter which thus separates out from dilute solu-
tions is pure ice, and does not contain any of the dissolved

salt.
3. Whilst strong solutions deposit the sa/f when they are

C

O,
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cooled, and weak solutions deposit Zce, it is found that there is a
solution of intermediate strength which solidifies entirely when
cooled to a sufficiently low temperature, a mixture of the salt
and ice being formed. :

The curve (Fig. 6) represents the behaviour of a solution
of potassium nitrate when it is cooled. The horizontal lines
show the temperatures at which solid matter is deposited, and
the vertical lines the percentage of salt which is present in the
solution. This solution deposits ice on cooling until it contains
about 10 per cent of potassium nitrate, A solution of this .
strength solidifies completely at — 3°. Stronger solutions
than this deposit the salt when they are cooled, so that the
ascending portion of the curve represents the variation of the
solubility of potassium nitrate with the temperature,

Water of Crystallisation.—As already mentioned, it
often happens that when a solution of a salt in water is cooled,
crystals are deposited containing a certain amount of water, which
1s combined with the salt and is known aswaler of crystallisation.
In such a crystal the water still possesses a certain vapour
pressure, although this is usually very much less than that of
pure water. The actual pressure can be measured in exactly
the same way as that of water (R. and L., p. 105), by placing
the crystal at the top of the mercury of a barometer tube and
observing the depression of the mercury produced at different
temperatures, although other and more convenient methods
are usually employed. The vapour pressure, like that of pure
water, has a definite value for each temperature, and increases
rapidly with the temperature.

When a crystal containing water of crystallisation is exposed
in a vacuum or to dry air, it loses water ; the water present, in
fact, evaporates, just as pure water or that contained in a
solution would do under the same circumstances, but more
slowly. The rate at which water is lost from crystals is
usually very slow at ordinary temperatures, whereas at roo-
200° it is much more rapid. Hence many crystals lose their
water of crystallisation when they are heated to 100-200° in
the air, or better in a current of dry air. The amount of
water of crystallisation contained in the substance is estimated
in this way, a weighed amount of the salt being heated at the
proper temperature, which varies for different salts, and the
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weight of the dry residue then ascertained, the difference
being due to loss of water.

Efflorescence and Deliquescence.—The behaviour
of a crystal when exposed to the air depends on the vapour
pressure of the water in the crystal and on the amount
of water in the air, and in this respect resembles the be-
haviour of a solution. As long as the vapour pressure of
a solution is greater than that of the moisture in the air,
the solution steadily evaporates, since the air is able to take
up moisture from it ; if, on the other hand, the vapour pressure
of the solution i1s less than that of the moisture in the air, the
inverse process takes place, water is condensed from the air
and the solution becomes more dilute. As the vapour pressure
of the moisture in the air varies greatly in different places and
at different times, it follows that a solution which would
evaporate in a dry place might, on the other hand, become
more dilute in a moist place, where the air was more nearly
saturated with moisture. When exposed to air saturated with
moisture, all solutions become gradually more dilute, since the
vapour pressure of a solution is always less than that of pure
water at the same temperature.

Crystals behave in a very similar manner to solutions. If
the air be so dry that the vapour pressure of the moisture in it
is less than that of the water in the crystal, the latter gradually
evaporates. The effect of this is that the crystalline structure 1s
destroyed, and the crystal is converted into an opaque mass or
falls to powder. This phenomenon is known as ¢florescence,
and occurs 1n many well-known substances, among which,
perhaps, the most familiar is washing soda, Na, CD + IGH‘,O
On the other hand many substances, buth such d.‘: contain
water of crystallisation and such as do not, when exposed
to the air actually become liquid, this phenomenon being
known as deliguescence. An example of this is found in
crystallised calcium chloride, CaCl, + 6H,0.

In this case the vapour pressure is less than that of the
moisture in the air, and the solution formed by the condensa-
tion of a very small amount of water vapour also has a low
vapour pressure. Hence more vapour is condensed and the
whole of the solid dissolves.

Many substances which do not contain water of crystallisa-
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tion also deliquesce on exposure to the air, examples of this
being potassium carbonate, caustic potash, ete.

EXPERIMENT 3.—1. Prepare cold saturated solutions of
sodium carbonate, copper sulphate, and potassium car-
bonate, and expose them to the air for a considerable
time in evaporating basins. The solutions of sodium
carbonate and copper sulphate dry up, whereas that of
potassium carbonate does not.

2. Expose solid potassium carbonate, cr}fstaﬂlsed copper
sulphate, and washing soda to the air. The potassium-
carbonate deliquesces, the copper sulphate remains un-
altered, and the washing soda effloresces.

3. Expose the same three substances to dry air, either in
a desiccator or in a glass tube, through which a current
of air dried by sulphuric acid is passed. In this case
the potassium carbonate remains unaltered, and both
the washing soda and the copper sulphate lose water and
become white and opaque.

4. Heat some powdered copper sulphate to 200" in an air
bath. The salt, which remains unaltered in the air and
only loses water very slowly in dry air at the ordinary
temperature, rapidly loses water and becomes white.

Formation and Decomposition of Hydrates.—Many

salts are capable of forming several different crystalline hydrates,
which are deposited from their solutions at different tempera-
tures. A striking example of this is ordinary calcium chloride.
The long needle-shaped crystals deposited at the ordinary tem-
perature have the formula CaCl,+ 6H,0, whilst the crystals
deposited from a hot solution at almut 45 ° have the composition
CaCl,+2H,0. A solution of sodium sulphate, on the other
hand, deposits crystals of the formula Na,SO, + 10H,0 at the
nrdmary temperature and at all temperatures up to 33°.
Above this point, however, the crystals Na,SO, + 10H,0 can
no longer exist, and at all temperatures above this the anhy-
drous salt, Na,SO,, is deposited. Now, an anhydrous salt
generally has quite a different solubility from its hydrates, just
as though it were an entirely different substance, and sodium
sulphate i1s no exception to this rule. The hydrate, like most
other salts, is #ore soluble in hot water than in cold, whereas -
the anhydrous salt is Jess soluble in hot water than in cold.
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The effect of this is that when crystallised sodium sulphate is
shaken up with water, the amount of sodium sulphate found
in solution increases until the temperature reaches 33°, and
then decreases, since above this temperature the solid sub-
stance is converted into anhydrous sodium sulphate, the
solubility of which, as we have seen, decreases as the tempera-
ture rises. This behaviour is illustrated graphically by the
curve (Fig. 7), in which the amount of sodium sulphate taken
up by 100 parts of water is measured along the vertical lines
and the temperature along the horizontal lines.

EXPERIMENT 4.—Make a saturated solution of Na,SO, +

70
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Fig. 7.

10H, 0 by adding the powdered salt to about 25 cc. of
water, stirring well and keeping the temperature at about
33° until an excess of the solid salt is present. Allow
to settle, and pour off the clear solution into a beaker.

1. Heat a portion of this to boiling in a test-tube. Thin
flakes or needles of the anhydrous salt immediately
separate out.

2. To another portion add a few crystals of the salt and
heat to boiling. The transparent crystals do not dissolve
but decompose, losing their water and forming a white
opaque powder of the anhydrous salt,

Recrystallisation.—\When two substances differ much

from one another in solubility in water, this property may be
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used for separating the two. If one of the two be quite in-
soluble, all that is necessary is to treat the mixture with water,
filter and wash the residue. Thus, for example, a mixture of
sand and salt could at once be separated into its constituents
in this way.

When both the substances dissolve, but one is more soluble
than the other in cold water, only a partial separation can
be effected, and the method to be adopted depends entirely on
the proportions of the two salts and on the difference in solu-
bility. Thus (as shown by the curves in Fig. 7) potassium -
chlorate 1s sparingly soluble in cold water, whereas potassium
chloride dissolves readily, whilst the two salts are almost
equally soluble in hot water. When a mixture of equal parts
of these two salts is dissolved in twice its weight of hot
water and the solution cooled, the deposit consists almost
entirely of potassium chlorate, whilst the mother liquor con-
tains nearly all the chloride and only a little chlorate. The
amount of water present in this case 1s sufficient to dissolve
all the chloride, but only a small proportion of the chlorate
in the cold, although both the salts dissolve completely in the
hot water, _

When, on the other hand, a mixture of 1 part of potassium
chlorate with 20 parts of potassium chloride is treated in the
same way, the deposit consists of potassium chloride, since in
this case there is sufficient water present to retain the whole
of the potassium chlorate but only part of the potassium
chloride in solution in the cold.

EXPERIMENT 5.—Confirm the above statements, using mix-

tures of potassium chloride and potassium chlorate.

These two examples show how the process of recrystallisa-
tion can be used for purifying a salt, and this method is very
frequently employed both in the laboratory and on the large
scale for the purpose. Salts which are sparingly soluble in
water are naturally the most easily obtained pure in this way,
since a comparatively large amount of water can be used, in
which most of the impurities remain dissolved, whilst the pure
salt crystallises out. It is often necessary to repeat the pro-
cess several times in order to ensure the complete removal of
the impurities and the consequent purity of the product. -

A knowledge of the facts discussed in this lesson is of
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great practical importance for the preparation of salts of the
metals, and numerous instances will occur which illustrate the
various points which have been mentioned.

ExErcises oN LEesson III

1. Compare the behaviour of a solution of a salt in water with that of
pure water ; (@) when the two are heated ; (#) when they are cooled.

2. How can the vapour pressure of a crystal of washing soda be
determined ?

2. Define the terms solubility, saturated solution, water of crystallisa-
tion, efflorescence, deliquescence.

4. When powdered copper sulphate is exposed to air saturated with
moisture it deliquesces ; when exposed to the atmosphere it remains un-
changed, and when exposed to dry air it loses water., How do you
account for this?

5. sSodium chloride is only very slightly more soluble in hot water
than in cold. Potassium nitrate has the same solubility as sodium
chloride at 25° but is four times as soluble at 70°. How would you
proceed to separate a mixture of equal parts of the two salts by re-
crystallisation from water ? Is it possible to separate them completely ?
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THE HALOGEN ELEMENTS

FLUORINE. CHLORINE. BroMINE. IODINE

CHLORINE, as we have seen, is distinguished from the other
elements which have hitherto been described (Oxygen, Hydro-
gen, Nitrogen, Sulphur, and Carbon (see R. and L., pp. 67
et seg.), by several well-marked chemical properties, the most
important of which are the two following :—

1. It combines directly with hydrogen and many of the
metals ; producing with hydrogen an acid, and with the metals,
salts.

2. It does not combine directly with oxygen, although its
oxides can be prepared indirectly.

These properties are to a large extent shared by three other
elements, fluorine, bromine, and iodine, so that these four are
thus marked out as a greup or family of elements,

It is found by experience that many such groups occur
among the elements, the members of which, although they
differ from each other in many ways, yet show a general
resemblance in their properties and behaviour. Fluorine,
chlorine, bromine, and iodine are known as the group of
halogen elements, this name being derived from two Greek
words meaning ‘salt producing,” because they combine
directly with the metals to form salts, many of which, such as
common salt, fluorspar, potassium iodide, and sodium bromide
are well-known substances.

A study of these four elements will clearly show what is
meant by the term a group or family of elements.
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The chief properties of chlorine and its compound with
hydrogen have already been described (R. and L., pp. 170-186),
and we therefore pass on to the study of the remaining three
members of the family, which will be treated in the order in
which they actually came to the knowledge of chemists.

Iodine, I, 12692

Iodine is the name given to an element discovered in 1812
by the French chemist Courtois in the ash left when seaweed
is burned. The name 1s derived from the Greek word mean-
ing violet, and was applied to this element because of the
beautiful violet coloured vapour which it forms.

The chemists who first examined this substance, Hum-
phry Davy in England and Gay-Lussac in France, were at
once struck by its remarkable similarity to chlorine, an
element which had been known to chemists for many years,
and which differed very much from all the other elements then
known in its chemical properties.

Iodine occurs in extremely small quantities in sea-water,
but i1s taken up by many seaweeds, so that the ash of these,
known by the name of k£e/p, contains as much as o.1-0.3 per
cent of it. It is also found as sodium iodate in the sodium
nitrate, or Chili saltpetre (Caliche), which occurs in South
America, and 1s now usually manufactured from this source
by a method which will be better understood after the pro-
perties of the 1odates have been studied (p. 54).

In the kelp the iodine is present in the form of an iodide,
mixed with bromides and much larger amounts of chlorides
and sulphates. The mass i1s washed with water and the
solution allowed to crystallise, the chlorides and sulphates
being first deposited and the mother liquor thus rendered
relatively richer in iodine. The liberation of lodine from
these liquors may be effected in several different ways, which
are illustrated by the following experiments :—

EXPERIMENT 6.—Take 1 cc. of a 10 per cent solution
of potassium iodide, dilute it with 10 cc. of water, and
add chlorine water drop by drop. A reddish-brown
colour is first produced, due to the liberation of free
iodine, which dissolves in the potassium iodide solution.
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As more of the chlorine water is added, more of the
potassium iodide is decomposed, until at last the whole
of the iodine is liberated and a black precipitate of
10dine 1s formed.

Allow to settle, and notice that the liquid above the pre-
cipitate is only coloured a faint yellow, because iodine
only dissolves to a very slight extent in water, the solu-
bility being about 1 part in 3750 parts of water.

Pour off the liquid, gently heat the crystals which are left,
and observe the violet fumes produced.

We thus learn that iodine i1s hberated when chlorine is
added to an iodide. The chlorine combines with the metal
with which the iodine was formerly united, and the iodine is
set free.

2KI + Clﬂz 2KCl + I-z.'

EXPERIMENT 7.—In a small 2-oz retort place 3 grms.
potassium iodide, 1 grm. finely-divided manganese
dioxide, and 5 cc. dilute sulphuric acid. Heat gently,
and allow the product to pass into a small flask cooled
by a stream of water. Violet fumes are evolved, and
lodine and a little water pass into the flask. Warm the
neck of the retort to drive the condensed i1odine into the
flask, pour the mass out into a basin and then pour off
the liquid, which is a solution of iodine in water, and
use the crystals for the experiments described below.

This experiment teaches us that iodine is liberated when an

iodide is acted on by sulphuric acid and an oxidising agent,
just as 1s chlorine when a chloride is treated in the same
manner (R. and L., p. 172). Hydriodic acid, HI (p. 28), is
first formed, and is then oxidised by the oxygen of the oxidising
agent to form water and free iodine,—

2HI+0=H,0+1,.
The whole reaction is expressed by the equation,—
2KI + 3H,50, + MnO, = 2KHSO, + MnSO, + 2H,0 + I,

[odine was formerly manufactured in this way from kelp.
EXPERIMENT 8.—With the crystais of iodine obtained
above try the following experiments.
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1. Place a few crystals of iodine in each of three test-tubes,
and add to the first water, to the second potassium iodide
solution, and to the third chloroform. The solution in
water is light yellow, that in potassium iodide is reddish-
brown and much deeper in shade, and that in chloroform
1s violet.

2. Heat a little iodine in a dry test-tube. It melts and
then vaporises, forming a beautiful violet vapour, which
condenses in glittering crystals on the cool part of the
tube. Iodine is often purified by this process, which is
known as sublimation, by which it is separated from all
non-volatile impurities.

3. Prepare a solution of starch by grinding a small piece
of starch with a little water and pouring the mixture into
about 100 cc. of boiling water. To 10 cc. of the cold
starch solution add one drop of a solution of iodine in
water. A deep-blue coloration i1s produced due to Zedide
of starch. Heat the liquid, and notice that the blue
colour disappears but reappears on cooling. The com-
pound with starch is decomposed when the temperature
rises, but is again formed when it falls. '

Properties of Iodine.—Iodine is an opaque, lustrous,
blackish-gray solid, which forms crystals belonging to the
rhombic system. It melts at 114° and boils at 184°, forming
the characteristic violet vapour, which has a peculiar smell
distantly resembling that of chlorine. The solid is a bad
conductor of electricity.

Vapour Density and Molecular Weight. — The
density of iodine vapour is found experimentally to be about
126 compared with hydrogen. Hence, by Avogadro’s theory,
its molecule weighs 126 times that of hydrogen. Since the
molecular weight of hydrogen is 2, it follows that the mole-
cular weight of iodine 15 126 x 2=252 (or more accurately
126 x 2.016=254). Since, as we shall learn later, the atomic
weight of 1odine 1s 126.9, it appears that the molecule of 1odine
contains 2 atoms, and the molecular formula 1s therefore I..

At a very high temperature the vapour density of iodine is
much lower than this. This phenomenon will be discussed
later on in the chapter on Dissociation, p. 209,
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Hydriodic Acid, Hydrogen Iodide, HI,

When equal volumes of iodine vapour and hydrogen are
mixed, combination does not occur, as in the case of chlorine
and hydrogen, when the mixture is exposed to light, or when
an electric spark 1s passed through it or a flame applied.
Even when the mixture i1s heated or passed through a red-hot
tube, only a small proportion of it combines (see p. 30). A
compound of the two elements can, however, be readily pre-
pared by indirect means, and it is then found that the new
substance is a colourless gas, which, like hydrochloric acid gas,
forms a strongly acid solution in water. This gas, known as
hydriodic acid gas, or hydrogen iodide, is formed by the action
of acids on the lodides, just as hydrochloric acid is produced
from the chlorides (R. and L., p. 176). Sulphuric acid,
however, cannot be employed, because it readily oxidises
hydriodic acid, forming water and free 1odine, whilst it 1s
itself reduced, sulphuretted hydrogen and sulphurous acid
being formed. Nitric acid also acts as an oxidising agent to
hydriodic acid gas, and it is therefore necessary to use
phosphoric acid, which does not decompose the gas.

EXPERIMENT 9.—1. Place in a test-tube a little powdered
potassium iodide, add a few drops of concentrated sul-
phuric acid and warm gently. A violent evolution of
strongly acid fumes, coloured violet by iodine, is pro-
duced, accompanied by a smell of sulphur dioxide and
sulphuretted hydrogen,

2. Repeat this experiment with eoncentrated nitric acid, and
notice the liberation of iodine and the production of
hrown fumes by the reduction of the nitric acid.

3. Mix some powdered potassium iodide with a little pow-
dered glacial phosphoric acid, add one drop of water
and warm gently, Hydriodic acid gas is evolved, but
if the heat applied be too violent, iodine is liberated.

Preparation of Hydriodic Acid.—A more convenient
method for the preparation of the gas is to act on water with
iodine in the presence of red phosphorus, when the following
reaction occurs,—

P+51+4H,0=H,PO, + sHL
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The preparation by this method requires great care, and should
only be attempted by experienced workers.

Five grms. of red phosphorus are made into a paste with 10
cc. of water in an 8-oz. flask, and 50 grms. of iodine are then
added in small portions, the flask being well cooled after each
addition. After standing for some time, the flask is fitted with a

delivery tube and gently warmed, the gas being passed through
a U-tube containing glass beads and a little red phosphorus to
remove the last traces of iodine (Fig. 8). Collect a jar of
the gas by downward displacement, and then make a solution
in water by directing the stream of gas on to the surface of
25 cc. of water in a beaker, without letting the tube dip into
the water, as otherwise water will probably rush back into the
apparatus.
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A dilute solution of the gas may be made by passing a
current of sulphuretted hydrogen into water in which iodine
1s suspended,—

HES + [2= 2HI + S.

EXPERIMENT 10.—Pass a current of sulphuretted hydrogen
into 25 cc. of water in which 3 grms. iodine are suspended
and stir well. The iodine gradually disappears and a
precipitate of sulphur is formed. Boil off the excess of
sulphuretted hydrogen, filter, and test the solution as
follows: 1. Add to sodium carbonate solution, efferves-
cence occurs. 2. Add to granulated zinc, hydrogen is
evolved. 3. Add chlorine water, iodine is liberated.
Reversible reactions.—Only a dilute solution of the acid can be prepared
in this way, as it is found that when the concentration of the acid reaches
a certain point (507 ) the reaction no longer takes place. When con-
centrated hydriodic acid is treated with sulphur, on the other hand, the
acid is decomposed and sulphuretted hydrogen is formed. This is an
instance of a seversidle reacfion. The equation of this reaction is best

written, —
HS+ 1, = zHI +S.

the sign == meaning that the change does not take place completely, but

only up to a certain limit of concentration above which the reverse change
OCCULS.

Many, perhaps all, chemical reactions are of this kind, but frequently
the change is so nearly complete that the exact limit of concentration at
which the reaction ceases cannot be determined.

Another good instance of such a reaction is that between gaseous iodine
and hydrogen (p. 28) :—

M, Ry = =hl.

When iodine and hydrogen are mixed together at a constant tempera-
ture a certain proportion of each combines and a mixture of gaseous iodine,
hydrogen and hydrogen iodide is produced. Exactly the same mixture is
formed if the experiment is commenced with pure hydrogen 1odide. Thus
at 518" the mixture consists of—

Per cent by volume.

H, ; s THIAZ
I : A
HI ; . 76
100

—

whether the original gas was pure hydrogen iodide or a mixture of equal
volumes of iodine vapour and hydrogen. These quantities of the gases
are said to be in chemical equilibrinm with each other at this temperature.
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At a higher or lower temperature a new equilibrium is set up, more
hydrogen iodide being present at low and less at high temperatures.

The combination between hydrogen and 1odine occurs very slowly and
hence this is not a practical method for preparing hydrogen iodide. It
may be hastened by the presence of platinum which itself undergoes no alter-
ation, but this does not alter the composition of the equilibrium mixture.
The platinum in a case like this is termed a cafalytic agent or catalyst.

Properties.—Hydriodic acid gas is colourless and invisible,
fumes strongly in the air, and 1s extremely soluble in water
forming a fuming, strongly-acid liquid, which acts in most
ways like hydrochloric acid. Thus it decomposes carbonates
with effervescence, and dissolves metallic zinc with evolution
of hydrogen. Hydriodic acid gas very readily decomposes into
its elements when heated. Thus when a hot platinum wire is
plunged into a jar of the gas, violet vapours of free iodine are
at once produced. On exposure to air and light the solution
very soon becomes dark coloured, because the acid is slowly
oxidised, free iodine being liberated,—

2HI + 0=H,0 + L,

EXPERIMENT I 1.—Make a dilute solution of hydriodic acid
by adding sulphuric acid to a solution of potassium
iodide. Expose this to sunlight for a few minutes;
notice the yellowish colour produced and test for free
1odine with starch solution.

Composition of Hydriodie Acid.—Hydriodic acid gas,
like hydrochloric acid gas, is decomposed by sodium amalgam,
sodium iodide being formed and hydrogen liberated. The
volume of this is found to be, as in the case of hydrochloric
acid, exactly half that of the original gas (R. and L., p. 183).

One litre of the gas at N.T.P, is found to weigh 5.71 grms.
and hence 22.4 litres weigh 128 grms. This quantity of the
gas, however, yields half its volume, that is, 11.2 litres, of
hydrogen, the weight of which is 1 grm. (or more accurately
1.008 grms.) and the 1emamder, 127 grms., consists of iodine,
The composition of the gas is therefore by weight—

H= 1
[=127

128
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Observe that we do not learn from the above the volume of
iodine vapour yielded by 1 vol. of hydriodic acid gas. Ex-
periment, however, shows that 127 grms. of iodine occupy the
same volume as I grm. of hydrogen, when they are compared
at the same temperature, and hence we know that hydriodic acid
1s formed from equal volumes of hydrogen and gaseous iodine.

Molecular Weight and Formula of Hydriodic Acid.
Atomic Weight of Iodine.—The density of hydriodic acid
gas being 64, its molecule must, by Avogadro’s theory, be
64 times as heavy as that of hydrogen, Taking the molecular
weight of hydrogen as 2, that of hydriodic acid gas is
64 x 2=128. This, as we have just seen, contains 1 part of
hydrogen and 127 parts of iodine. Hence the atomic weight
of iodine must be 127 or some fraction of this number, for the
atomic weight of an element 1s the smallest amount of it which is
ever found in the molecule of any substance (p. 5). As a matter
of fact, among the very numerous volatile compounds of iodine,
none has been found which contains less than 127 parts of
this element in the molecule, and hence the atomic weight
of iodine is taken as; approximately, 127, and the formula
of hydriodic acid is HI.

The exact value of the atomic weight of iodine has been
found to be 126.92 by the very careful determination of the
composition of silver iodide (p. 64).

The Iodides.—Iodine combines directly with many of the
metals forming iodides, most of which are soluble in water.

EXPERIMENT 12.—Heat a drop of mercury with iodine in

a test-tube; a bnlhant yellow and red sublimate of
mercuric iodide is formed.

The salts of silver, lead, and mercury are the least soluble,
and are precipitated when soluble salts of these metals are
added to potassium iodide.

EXPERIMENT I3.—Add a solution of potassium iodide to—

1. Silver nitrate—yellow precipitate of silver iodide, in-

soluble in nitric acid and in ammonia,-—

AgNO, + KI = Agl + KNO,,

2. Mercuric chloride—red precipitate of mercuric iodide,
soluble in excess of potassium iodide,—

HgCl, + 2KI = Hgl, + 2KCL
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3. Lead nitrate—yellow precipitate of lead iodide, which
dissolves in hot water, especially in presence of excess
of potassium iodide, and crystallises, on cooling, in
brilliant golden spangles,—

Pb(NO,), + 2KI = Pbl, + 2KNO,.

EXERCISES ON LEssoN IV

1. From what sources is iodine obtained, and how can it be prepared
in the free state ?

2, Describe the chief properties of iodine. How can it be detected in
small quantities ?

3. How can a solution of hydriodic acid be prepared? What occurs
when it is treated with (@) sodium carbonate, (&) metallic zine, (¢) starch
paste, (d) a drop of chlorine water? -

4. What evidence have we that hydriodic acid is a monobasic acid ?

5. How can the composition of hydriodic acid be determined ?

6. Why is the formula I, given to iodine ?



LESSON V
THE HALOGEN ELEMENTS (Cont)

Bromine, Br, '79.92

THE name of bromine (from a Greek word meaning stink-
ing) was given in 1826 to a new element discovered by the
French chemist Balard, because of the intensely irritating and
disagreeable vapour which it forms abundantly, even at the
ordinary atmospheric temperature.

It occurs in the form of the bromides of sodium, potassium,
and magnesium in very small quantity in all sea-water, which
contains only about 0,006 per cent of this element. It is also
found in rock-salt, in the vast deposits of potassium salts at
Stassfurt (p. 182) and in many mineral waters. The bromides,
like the iodides, are, as a rule, more soluble than the chlorides,
and hence, when sea-water is concentrated, sodium chloride is
first deposited, whilst the bromide remains in solution. When
chlorine water is added to this concentrated solution, a similar
reaction occurs to that which takes place with a solution of an
iodide (p. 25). Bromine is liberated and the solution becomes
of a deep-red colour, whilst, if the liquid be very concentrated,
heavy red drops separate out. When the liquid is warmed, a
deep red-coloured vapour is evolved, the smell of which will
be found quite to justify the name chosen by Balard for the
element,—

2KBr + Cl, = 2KCl + Br,,

EXPERIMENT 14.—Pass a slow current of chlorine through
a well-cooled solution of 1 grm. potassium bromide in
2z cc. water. Red drops of bromine fall to the bottom of
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the tube. Warm the liquid, and note the red fumes
evolved. The chlorine may be prepared by warming a
few crystals of potassium dichromate with concentrated
hydrochloric acid in a test-tube provided with a cork
and delivery tube.

Bromine is actually manufactured in this way from the

[

N

.

Fig. g.

potassium salts which occur at Stassfurt (p. 182). Chlorine
(from D, Fig. 9) is passed through the concentrated solution
(in A) obtained by allowing as much as possible of the potas-
sium chloride to crystallise out. The vapour of bromine
is then condensed (in p), and the liquid purified by distilla-
tion.

In the laboratory, however, bromine is usually prepared in

Lird
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a similar manner to chlorine and iodine. Hydrobromic acid
is liberated in presence of an oxidising agent, such as man-
ganese dioxide or potassium dichromate, which converts the
hydrogen of the acid into water and sets free bromine,—

2KBr + 3H,50, + MnO, =2KHSO, + MnSO, + 2H,0 + Br,.

EXPERIMENT 15.—Place in a 2-oz retort 3 grms. potassium
bromide, 2 grms. manganese dioxide, and 10" cc. dilute
sulphuric acid, and distil over into a flask well cooled |
by water., Water and bromine pass over, a red solution
of bromine and heavy drops of the element being
formed. Add a little water, shake up, pour off the
solution and try the following experiments :—

1. Shake a little with chloroform, a yellow solution is
formed.

2. Add starch solution, a yellow coloration is produced.

3. Add litmus solution, the colour is bleached.

Properties of Bromine.—Bromine is a very heavy, red

liquid, having the specific gravity 3.19 at o°, and, with the
exception of mercury, is the only element which is liquid at the
ordinary temperature. It boils at §9° and freezes at — 7° to a
dark-brown solid. Bromine, like chlorine and iodine, combines
very readily with many of the metals to form metallic salts
(p-. 39). Like chlorine, moreover, it bleaches many colouring
matters, but not so vigorously. This bleaching action is
similar to that of chlorine, the bromine combining with the
hydrogen of the water present to form hydrobromic acid,
whilst the oxygen of the water oxidises and destroys the
colouring matter,—

Br, + H,0 + colouring matter = 2HBr + [O + colouring matter],

The deep red-coloured solution in water is known as
bromine water, and is often used as an oxidising agent,

Vapour Density and Molecular Weight.—The den-
sity of bromine vapour compared with hydrogen is found to be
do at a temperature of about 200°. Hence its molecular weight
must be approximately 8o x 2=160. Since its atomic weight
15 79.92, it follows that the molecule of bromine contains two
atoms, and that it has the molecular formula Br,.
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Hydrobromic Acid, Hydrogen Bromide, HBr

Hydrogen does not combine with bromine nearly so easily as
with chlorine. Thus, sunlight has no effect on a mixture of hydro-
gen with bromine vapour, but unlike hydrogen and iodine the
two elements do unite completely when they are heated together.

As in the case of iodine, it 1s difficult to obtain hydrobromic
acid gas by the action of concentrated acids on the bromides,
because hydrobromic acid so readily becomes oxidised to form
water and free bromine.

Fig. 10.

EXPERIMENT 16.—Treat separate quantities of powdered
potassium bromide with concentrated sulphuric, nitric,
and phosphoric acids, and compare the results with those
obtained with potassium iodide (p. 28).

Preparation of Hydrobromic Acid.—The acid is

therefore usually prepared in a similar manner to hydriodic
acid by acting on water and red phosphorus with bromine,—

P + 5Br+ 4H,0=5HBr + H,PO,.

This preparation requires great care, and should only be
attempted by experienced workers.
Make a paste of § grms. red phosphorus and 10 cc. water
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in an 8-oz. flask fitted up as shown in Fig. 10, and allow
bromine to drop slowly into the mixture. The gas evolved
must be passed through a U-tube containing glass beads and
a little red phosphorus to remove the last traces of bromine.
The gas may be collected and a solution prepared in the
manner described under hydriodic acid (p. 29).

A second way of making hydrobromic acid is to prepare it
by the direct union of the two elements at a high temperature.
This may be effected by passing hydrogen through warm
bromine, and then allowing the mixture of gases to pass through
a glass tube containing a coil of platinum wire heated to red-
ness by electricity.

Properties of Hydrobromic Acid.—Hydrobromic acid
gas 1s colourless, and fumes strongly in the air. It is much
more stable than hydriodic acid, and is not decomposed
when a red-hot wire is introduced into it., The solution in
water 1s also colourless and fumes strongly, but rapidly
becomes yellow when exposed to light, free bromine being
liberated, :

Composition of Hydrobromiec Acid.—The composition
of hydrobromic acid gas is determined in precisely the same
way as that of hydriodic acid gas (p. 31), and, like the latter,
hydrobromic acid yields half its volume of hydrogen.

The density of the gas is found to be 40.45, compared with
hydrogen. Hence (see p. 7) 22.4 litres of it weigh 8o.9
grms. and yield 11.2 litres of hydrogen, the weight of which
is 1 grm., whilst the remaining 79.9 grms, is bromine. The
composition of the gas by weight is, therefore—

H I
Br %79.9
80.9

Since the density of bromine vapour is about 8o, it also
follows that the gas is formed by the union of equal volumes
of hydrogen and bromine vapour.

Molecular Weight and Formula of Hydrobromic
Acid. Atomic Weight of Bromine.—All these are
determined in the manner described under hydriedic acid.
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The molecular weight of hydrobromic acid gas i1s 40.45 x 2 =
80.9, and since this contains 1 of hydrogen and 79.9 of
bromine, the atomic weight of bromine must be 79.9 or some
fraction of this number. No substance is, however, known
of which the molecular weight contains less than 79.9 parts
of bromine, and hence this is taken as the atomic weight.

The exact atomic weight is 79.92, and has been ascertained
by the careful determination of the composition of silver
bromide (p. 63).

The Bromides.—The bromides, like the i1odides, can be
obtained either by the direct union of the element with the
metals, or by the action of hydrobromic acid on the metals
or their carbonates, etc. Hydrobromic acid acts as a strong
monobasic acid and forms salts, most of which, like the
chlorides, are soluble in water. The bromides of silver and
lead are the least soluble, and the formation of these can,
therefore, be used as tests for the acid and its soluble salts.

EXPERIMENT 17.—Add a solution of potassium bromide to

solutions of—

1. Silver nitrate—yellow precipitate of silver bromide.

2. Lead nitrate—white precipitate of lead bromide, soluble

in hot water.

All the bromides are decomposed by chlorine, with libera-
tion of free bromine and formation of the corresponding
chloride, and this affords the best test for the presence of the
acid,—

2KBr + Cl, = 2KCl + Br,.

On the other hand, bromine decomposes all the iodides,
free iodine being liberated and the corresponding bromide
produced,—

2KI + Br,=2KBr + I,.

EXPERIMENT 18.—1. To a solution of potassium bromide
add a drop of chlorine water, and shake up with a little
chloroform. A yellow solution is obtained.

2. To a solution of potassium iodide add a drop of bromine
water, and shake up with a little chloroform. A violet
solution of 1odine is obtained.
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EXERCISES ON LEsson V

1. What compounds of bromine occur in nature? Describe the
preparation of the element.

2. What occurs when bromine water is added to solutions of the
following substances: (&) potassium chloride, (&) starch, (¢) hydriodic
acid ?

3. Describe the preparation of hydrobromic acid gas' (z) from
bromine, (#) from potassium bromide.

4. Describe a method for showing that hydrobromic acid gas contains
half its volume of hydrogen.

5. A solution of hydrobromic acid in water has the specific gravity
1.25, and contains 30 per cent of the acid. How much bromine is
present in a litre of the solution ?
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THE HALOGEN ELEMENTS (Cont.)
Hydrofluoric Acid, Hydrogen Fluoride, HF

FLUORINE derives its name from the mineral fluorspar, which
1s a compound of this element with calcium, and is of very
common occurrence. When this mineral is powdered and
heated with strong sulphuric acid, a fuming gas is given off,
which has the remarkable property of attacking glass and
rendering it opaque. (See p. 349 for an explanation of this
action,) On this account it is necessary to prepare the gas
in vessels of some substance which is not rapidly attacked,
lead or platinum being the most convenient. The reaction is
precisely similar to that by which hydrochloric acid is prepared
from common salt,—

CaF, + H9504 =2HF + CaSOd.

EXPERIMENT 19.—Place in a shallow leaden dish 3 grms.
powdered fluorspar, add 3 cc. concentrated sulphuric
acid and warm gently. Copious acid fumes are evolved.
Place over the dish a glass plate coated with bees’ wax,
on which a word has been written or a design sketched
with a pin point. After about five minutes remove the
plate, warm it gently, and remove the wax with a
cloth. The exposed parts of the plate will be found
to be etched.

The gas is very soluble in water, yielding a fuming, strongly-
acid liquid, which also attacks glass and is therefore pre-
served in bottles of gutta-percha. It is manufactured by
acting on fluerspar with sulphuric acid in a leaden retort, and
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conducting the gas by a leaden tube on to the surface of water
contained in a platinum basin.

The strong solution of the acid does not act on metals so
violently as does hydrochloric acid, but decomposes carbonates,
liberating carbon dioxide and forming fluorides,

The acid gas 1s easily condensed to a fuming liquid, which
boils at 19°, and is extremely dangerous to handle, since its
vapour attacks the membrane of the lungs very violently, and
the liquid produces serious wounds if it comes in contact with
the skin, as does also the solution in water. The pure acid is
prepared in an apparatus consisting entirely of platinum, by
heating anhydrous acid potassium fluoride, KF.HF, which
decomposes into hydrofluoric acid gas and potassium fluoride.

Both the acid and its salts are used commercially for etch-
ing glass.

Composition of Hydrofluoric Acid. — It is very
difficult to make experiments with this gas, because it so
readily attacks glass and thus becomes decomposed. Hence
its composition cannot be determined so simply as that of
hydrochloric acid, etc., but must be ascertained in a less direct
manner, :

When hydrogen is passed over heated silver fluoride in a
platinum tube, metallic silver is left and hydrofluoric acid gas
produced. By weighing the silver fluoride taken and the
silver left, the weight of the fluorine removed by the hydrogen
is ascertained, whilst the weight of the hydrogen itself can be
calculated from its measured volume. It has thus been found
that 1 part of hydrogen by weight unites with 19 parts of
fluorine.

Molecular Weight and Formula of Hydrofluoric
Acid—Atomic Weight of Fluorine.—The density of the
gaseous acid has been determined in an apparatus made of
platinum, and has been found to be about 10 between the
temperatures of 60°-go°. Hence the molecular weight of the
gas is 10 X 2 = 20, and this is made up of 1 part of hydrogen
and 19 parts of fluorine. Hence the atomic weight of fluorine
must be 19 or some fraction of this number; and since no
compound 1s known which contains less than 19 parts of
fluorine in its molecular weight, this number is taken as the
atomic weight, and the formula of the acid 1s HF. The
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accurate atomic weight, 19, has been determined by care-
fully ascertaining the composition of calcium fluoride (p. 67).
The determination of the atomic weight of fluorine strik-
ingly illustrates the fact that the atomic weight of an element
which forms volatile compounds is determined by a study of
the compounds of the element and not of the element itself

Fig. 11.

(see p. 5). Fluorine itself was not isolated until 1887, whilst
its atomic weight was known as early as 1812.

Fluorine, F, 19

The preparation of fluorine in the free state is of excep-
tional difficulty, and remained for many years an unsolved
problem, in spite of the numerous attempts of chemists, In
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1887, however, the French chemist Moissan succeeded in
isolating it, and bringing to light its very remarkable properties.

Fluorine is prepared by passing an electric current through
anhydrous hydrofluoric acid containing a little acid potassium
fluoride (KF.HF) dissolved in it. The anhydrous acid itself is
practically a non-conductor of electricity, like water, whilst in
the presence of the acid fluoride the current readily passes.
The presence of water is fatal to the success of the. experi-
ment, since fluorine at once attacks water, liberating oxygen
and forming hydrofluoric acid. The apparatus (Fig. 11) consists
of a platinum U-tube closed with plugs of calcium fluoride,
and provided with platinum side-tubes for the escape of the
hydrogen and fluorine produced. The whole is cooled to
a temperature of — 23° during the experiment, and the fluorine
is also strongly cooled to remove vapour of hydrofluoric acid.
The gas which is liberated has more active chemical properties
than any other substance with which we are acquainted.
Carbon, silicon, sulphur, phosphorus, iodine, and boron all
take fire when brought into contact with it at the ordinary
temperature, and burn, forming fluorides. It explodes when
mixed with hydrogen, even when the mixture is made in the
dark and at a temperature of —252°. It also attacks water in
the cold, forming hydrofluoric acid and liberating the oxygen,
much of which is evolved in the form of ozone. Liquids con-
taining carbon and hydrogen, such as turpentine and alcohol,
at once take fire when exposed to fluorine. The gas also
combines with the metals forming fluorides, but, curiously
enough, it does not attack dry glass. When brought iIn
contact with chloride, bromide, or iodide of potassium, it
liberates the halogen element and unites with the metal to
form potassium fiuoride.

The gas has a faint, greenish - yellow colour, less green
than that of chlorine, and can be liquefied at a temperature
of — 187", forming a pale yellow liquid of specific gravity about
1.14. A very remarkable peculiarity of the element is that it
cannot be made to unite either directly or indirectly with
oxygen to form an oxide or oxy-salt, and this distinguishes it
from all other known elements with the exception of helium,
argon, and some other similar substances which appear not to
enter into chemical combination of any kind.
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Density and Molecular Formula of Fluorine.—The
density of the gas has been roughly determined by weighing
it in a small platinum vessel of known capacity. It was thus
found to be about 19 times as heavy as hydrogen, and hence
its molecular weight must be 19 x 2= 38. Since, as we have
seen, the atomic weight is 19, the molecular formula of the

gas 1s F,.

EXERCISES oN LEssoN VI

1. Describe the preparation and properties of hydrofluoric acid.

2. How much aqueous hydrofluoric acid containing 36 per cent of the
anhydrous acid can be obtained from 1 kilogram. of fluorspar?

3. What occurs when an electric current is passed through solutions of
hydrochloric acid and hydrofluoric acid in water? How can fluorine be
prepared from hydrofluoric acid ?

4. What happens when fluorine is brought into contact with (a) water,
(4) potassium chloride, (¢) iodine, () hydrogen ?
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THE ACTION OF ALKALIS ON THE HALOGENS—OXIDES
AND OXY-ACIDS OF THE HALOGENS

WHEN chlorine is passed into a concentrated solution of caustic

potash, the gas 1s rapidly absorbed, the liquid becomes hot,

and after a time a white crystalline precipitate is formed, and

when this is collected and purified by crystallisation from

water it is found to be a new compound, quite distinct from

potassium chloride. Thus it is only sparingly soluble in

water, and its solution does not give a precipitate with silver

nitrate. 'When the solid salt is heated it gives off oxygen

abundantly, and the residue is then found to be easily soluble

in water, to give a precipitate with silver nitrate, and to be in

every respect identical with potassium chloride, KCl. Re-

ducing agents such as zinc and sulphuric acid and sulphurous
acid also convert the new salt into potassium chloride.

EXPERIMENT 20.—Set up an apparatus for the preparation

of chlorine as shown in Fig. 12. Place about 50 grms.

of lump manganese dioxide in the 12 oz flask, pour on

about 250 cc. of concentrated hydrochloric acid and

warm gently, washing the chlorine through a little water

placed in the small flask. The delivery tube leaving

the small washing flask must be attached to a small

inverted funnel, since a narrow tube might easily be

stopped up by the separation of crystals. Pass the gas

into a solution of 20 grms. caustic potash in 40 cc.

water placed in a small beaker, and continue the opera-

tion until the liquid smells strongly of chlorjne. Cool,

pour off the clear liquid, wash the residue by decanta-

tion with a little water and recrystallise from hot water.
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Filter off the crystals obtained, using a water-pump if
possible, wash two or three times with small quantities

of cold water and allow to d.ry

Fig. 12.

L Disscrlve some c!f the crystals in water and add a solu-

2. Heat the dry salt in a test-tube and :
a glowmg splint, that oxygen is evolved, =
residue in water and add silver nitrate,—a wh1t
cipitate is now produced. :
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3. To a solution of the salt add dilute sulphuric acid and a
piece of zinc, After a few minutes pour off the clear
liquid and add silver nitrate,—a white precipitate of
silver chloride 1s produced.

4. Boil a little of the solution with dilute sulphuric acid and
a crystal of sodium sulphite, add nitric acid and silver
nitrate,—a white precipitate of silver chloride is produced.

Evaporate the clear liquor obtained in the original pre-
paration and obtain the white readily soluble crystals of
potassium chloride.

A quantitative experiment shows that each grm. of the salt

vields 0.61 grm. of potassium chloride and 274 cc. of oxygen
weighing 0.39 grm.—

Per Cent. Ratio.
Potassium chloride 61-+-74.2= .82 . 1
Oxygen : o

100
From these data the formula can be calculated in the ordinary
way, and is found to be KClO, This salt has received the
name of polassium chlorate.

The filtrate from the potassium chlorate contains potassium
chloride, which can be isolated by evaporation, and experiment
shows that exactly five times as much chlorine is present in the
form of potassium chloride as in the form of potassium chlorate.
These facts enable us to construct the following equation to
represent the course of the reaction,—

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

It is thus seen that one-sixth of the chlorine is oxidised to
form the oxy-salt, the necessary oxygen being derived from the
caustic potash.

When the action of chlorine on a solution of caustic potash
is more carefully examined it is found to vary with the strength
and temperature of the solution and particularly with the
amount of chlorine used. In a hot solution, or in a concen-
trated solution with excess of chlorine, the change described
above occurs, and potassium chlarate is produced. In a cold
dilute solution, and when some free alkali is allowed to remain
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however, the action is different, an unstable salt, known as
potassium hypochlorile, being formed, which contains only one
atom of oxygen for each atom of chlorine, and has the formula
KClO. The general nature of the reaction is the same as of
that by which the chlorate is produced, but in this case one-
half of the chlorine is oxidised instead of only one-sixth,—

Cl, + 2KOH = KCl + KCIO + H,0,

The new salt is very soluble in water, and hence is not
precipitated like the chlorate. Moreover, it is very unstable,
and when its solution is evaporated it is converted into a
mixture of the chloride and chlorate,—

3KCIO = 2KCl + KCIO,.

The salt is, moreover, decomposed by the carbonic acid of
the air, and hence it is difficult to obtain it in the pure state.
It readily gives up its oxygen to other substances, and thus
acts as an oxidising agent.

EXPERIMENT 21.—To a solution of manganese sulphate
add caustic soda and potassium or sodium hypochlorite
solution, A dark coloured precipitate of the higher
oxide of manganese is at once produced.

An alkaline solution of potassium chlorate, on the other
hand, produces the same white precipitate of manganous
hydroxide as i1s produced by caustic soda alone.

The action of caustic potash on bromine and iodine is
similar to that which it has on chlorine. In both cases an
oxidising solution 1s first obtained, which contains a salt
corresponding with a hypochlorite and yields a black precipitate
with a manganese salt. Potassium hypobromite, KBrO, and
potassium hypoiodite, KIO, are, however, even less stable
than the hypochlorite, and soon change into potassium bromate,
KBrO,; and potassium 1odate, KIO, which correspond in
composition with potassium chlorate,

EXPERIMENT 22.—Dissolve a few crystals of iodine in 10
per cent caustic potash. (@) Immediately add a few
drops of the solution to manganese sulphate solution,—a
dark brown precipitate is at once formed, showing the
presence of hypoiodite. (&) Boil the caustic potash
solution of iodine and then add as before to manganese

E
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- I

sulphate solution,—a white precipitate of manganous
hydroxide is formed, showing that the hypoiodite is no
longer present, but has changed into iodate.

Similar results can be obtained with a hypobromite and
hypochlorite, but a much more prolonged boiling is
HEEEESEW. : i

No similar compounds of fluorine are known, since this

element combines so vigorously with hydrogen that it at once
decomposes the water present and liberates the oxygen.

Hypochlorous Acid, HC1O.—When an excess of acid is

added to the solution obtained by passing chlorine into dilute
caustic potash, the whole of the chlorine is liberated. Hydro-
chloric acid and hypochlorous acid are first set free, and these
immediately react, forming free chlorine and water,—

HC1 + HCIO = H,0 + Cl,

When, however, only a small amount of acid is added, the
hypochlorous acid alone is set free and may then be distilled, a
dilute solution of the acid passing over into the receiver. This
is best carried out by adding dilute nitric acid to a solution of
bleaching powder and then distilling.

EXPERIMENT 23.—Slake 10 grms. lime with water, and
stir the mass up with about 5o cc. water. Through this
pass chlorine until the liquid smells strongly of the gas.
The solution then contains calcium hypochlorite and
calcium chloride.

1. To a portion of this solution add excess of nitric acid—
chlorine is evolved with effervescence, a yellow solution
being formed.

2. To the remainder add nitric acid drop by drop, stirring
after each addition until the liquid has a decidedly acid
reaction to test paper. Place it in a small retort and
distil into a small flask. A celourless solution of hypo-
chlorous acid passes over, which may be recognised by
its smell and by the fact that it bleaches litmus solution.

This acid, like chlorine, is a strong bleaching agent. The

acid gives up its oxygen to the colouring matter, which is

thereby converted into colourless substances, and is itself
converted into hydrochloric acid,—

HCIO + [colouring matter] = HCI + [O + colouring matter].

\
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——

Chlorine Monoxide, Cl,0.—When chlorine is passed
over precipitated mercuric oxide a brownish - yellow gas 1is
formed, which may be condensed at a low temperature to an
orange coloured liquid,— '

HgO + 2Cl,=HgCl, + CL,0 ;
whilst in the presence of water hypochlorous acid is formed,—
HgO + H,0 + 2Cl, = 2HCIO + HgCl,.

The gas is a powerful oxidising agent, and is readily soluble
in water, forming hypochlorous acid,—

C1,0 + H,0 = 2HCIO.

The liquefied gas explodes violently when shaken or heated.
The gas has a molecular weight of 87, and decomposes
when heated, two volumes of it yielding three volumes of de-
composition products, one-third of which is oxygen and the
remainder chlorine,—

2CLO = 2Cl, + O,

Chloric Acid, HClIO,.—This monobasic acid, like hypo-
chlorous acid, cannot be obtained quite pure, since its solution
decomposes when it is concentrated. A dilute solution is
obtained by adding sulphkuric acid to a solution of barium
- chlorate,—

Ba(ClO,), + H,SO, = 2HCIO, + BaSO,.

All the salts, called chlorates, are soluble in water, and are
powerful oxidising agents, as is also the concentrated solution
of the acid. All the salts decompose when heated, yielding
oxygen and the chloride of the metal. The preparation of
potassium chlorate on the large scale is described on p. 179.

Chlorine Peroxide, ClO,, is a dark yellow gas, which
is prepared by gently warming a solution of potassium chlorate
in sulphuric acid,—

3HCIO, = HCIO, + 2C10, + H,0.

The gas explodes when heated, and is a powerful oxidising
agent, setting fire to any organic matter with which it comes
in contact,

\ EXPERIMENT 24.—1. Place one small crystal of potassium
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chlorate in a test-tube, add three drops of concentrated
sulphuric acid and heat gently. A violent crackling is
produced, due to the formation and explosion of chlorine
peroxide.

2. Powder 1 grm. potassium chlorate and mix it carefully
by means of a feather with 1 grm. sugar. T/his mixture
miust not be ground in a moriar or shaken, as it is
liighly explosive. Place it on an iron sand tray in a
draught chamber and allow a single drop of concentrated
sulphuric acid to fall upon it from the end of a glass
rod., Chlorine peroxide is liberated, which instantly sets
fire to the sugar, and this then burns completely at the
expense of the oxygen of the chlorate.

Before the invention of friction matches this reaction was
made use of for obtaining a light. A piece of wood was
coated at one end with sulphur, covered with a thick paste of
sugar, potassium chlorate, and a little gum, after which it was
carefully dried. In order to obtain a light it was plunged into
a small bottle containing sulphuric acid.

When potassium chlorate is heated with hydrochloric acid
a mixture of chlorine with chlorine peroxide is evolved, which
was formerly known as euchlorine, Potassium chlorate and
hydrochloric acid are therefore frequently used to produce oxida-
tion, and the gas evolved is often employed as a disinfectant.

Iodic Acid, HIO,—This acid is much more stable than
chloric acid, and can readily be obtained by the action of an
oxidising agent on iodine. For this purpose iodine is treated
with highly concentrated nitric acid. A copious evolution of
brown fumes occurs, and when the resulting solution is evap-
orated, 1odic acid 1s left as a white powder, which 1s easily
soluble in water,—

31, + 1Io0HNO,=6HIO, + 1o0NO + 2H,0.
The acid is also formed when chlorine is passed into water
in which 1odine is suspended,—
I, + 5Cl, + 6H,0 =2HIO, + 10HCL
Advantage is taken t::;f this reaction in testing for bromine

in the presence of an iodide. The iodide can readily be
detected by adding chlorine water and starch paste. Ta
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detect the bromide, chloroform is added to the solution and
then chlorine water drop by drop #s gradually added. The
whole of the iodine and bromine are liberated and dissolve in
the chloroform, forming a purple solution. The excess of
chlorine then converts the iodine into iodic acid, so that it is
removed from the chloroform solution and leaves behind a
brown solution of bromine. If no bromine be present, the
chloroform is left colourless as soon as all the iodine has been
removed.

EXPERIMENT 25.—Mix equal volumes of potassium iodide
and potassium bromide solutions, and carry out the
process described above.

When it 1s heated, iodic acid first loses water, forming iodine

pentoxide,—
2HIO, =1,0, + H,O;

and this decomposes at a higher temperature into iodine and
oxygen, no residue being finally left,—

21,0, =21, + 50,,

Potassium Iodate, KIO,, can be prepared in a similar
manner to the chlorate by dissolving iodine in caustic potash,—
3I,+ 6KHO =KIO, + 5 KI + 3H,0.

It is only sparingly soluble in water, and when heated decom-
poses in a similar manner to potassium chlorate,—
2KIO, = 2KI + 30,

EXPERIMENT 26.—Dissolve 5 grms. iodine in as small a
quantity as possible of 50 per cent potash solution,
cool, filter, and drain the crystals, Recrystallise from
hot water, and wash with a little cold water.

I. Heat some of the salt in a dry tube,—oxygen is evolved,
a little iodine being also liberated towards the end of the
reaction. Dissolve the residue in water and add silver
nitrate,—a yellow precipitate of silver iodide is formed,
insoluble in nitric acid.

2. To a solution of the salt add silver nitrate,—a w/hite pre-
cipitate of silver iodate, soluble in nitric acid, is formed,

The salt can also be prepared by heating potassium chlorate

with iodine,—
2KClO, + I, = 2KI0, + Cl,
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The i1odine displaces the chlorine, and the latter combines
with the excess of iodine to form fodine monociloride, 1Cl, a
dark brown liquid. This reaction i1s of great interest, since
chlorine displaces iodine from all compounds with hydrogen
and the metals, whilst the inverse change occurs in the case
just described. :

Iodic acid rapidly oxidises hydriodic acid, water being
formed and iodine liberated,— y

HIO, + 5HI = 3H,0 + 31,

The effect of this is that when iodine is dissolved in an alkali
and the solution then acidified, the whole of the iodine is liberated.
EXPERIMENT 27.—Dissolve a few crystals of 1odine in 10
per cent solution of caustic potash and acidify with dilute
sulphuric acid. The iodine is at once reprecipitated.
This property is utilised as a means of testing an iodide
for a small amount of iodate. If the addition of dilute
sulphuric acid liberates iodine, the oxy-acid is known to be
present. A similar reaction occurs between hydrochloric acid and
chloric acid, but in this case (p. 52), the reaction is not complete,
and a mixture of chlorine and chlorine peroxide is evolved.
When iodic acid or an iodate is treated with sulphurous
acid reduction takes place, and free iodine separates out,—

2HIO, + §H,50,=1, + H,0 + 5H,50,.

This reaction is employed for the manufacture of iodine
from Caliche (p. 25). The concentrated mother - liquors
obtained after the crystallisation of the sodium nitrate are
simply treated with the necessary amount of sodium bisulphite,
and the iodine then filtered off.

If, however, an excess of sulphurous acid be present, the
iodine is finally converted into hydriodic acid,—

2HIO, + 6H,SO, = 2HI + 6H,S0,.

Bromic Acid, HBrO,, closely resembles chloric acid in its
properties, but cannot be obtained in the pure state.

Potassium Bromate, KBrQ,, possesses very similar
properties to the iodate, and may be prepared by dissolving
bromine in concentrated caustic potash.

EXPERIMENT 28.—Add bromine drop by drop to 5 cc. of
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50 per cent potash solution until the colour 1s permanent.
White crystals of the bromate separate out. Recrystal-
lise and test in the same way as potassium iodate (p. 53).
To a portion of the mother-liquor add dilute sulphuric acid
in excess. The whole of the bromine is set free, just as
in the case of a solution of iodine in caustic potash.
No oxide of bromine has ever been obtained, so that this
element differs from both chlorine and iodine in this respect.
Perchloric Acid, HC1O, and its Salts.—When potas-
sium chlorate is heated the salt first melts to a thin liquid and
rapidly gives off oxygen ; after a time the liquid becomes thick
and pasty, and it 1s then found to contain a new salt, potassium
perchlorate, KClO,, in addition to potassium chloride and
unaltered chlorate. A portion of the chlorate, in fact, has
been oxidised at the expense of some of the oxygen of the
rest. The equation representing the change is somewhat
complicated,—

10KClO, = 6KCIO, + 30, + 4KCL

EXPERIMENT 29.—Heat 25 grms. of potassium chlorate in
a porcelain basin (3 in. diameter) until the liquid becomes
thick. Cool and grind the mass with cold water in a
mortar, drain the crystals and wash with a little cold
water. Place the washed crystals in a beaker and boil
with concentrated hydrochloric acid until no more chlorine
is evolved. Add water, filter, wash twice with cold water,
and recrystallise from hot water. The cold water re-
moves potassium chloride, whilst the hydrochloric acid
decomposes the unaltered chlorate.

1. Heat some of the crystals in a tube. Oxygen is evolved
and potassium chloride formed.

2. A solution of the salt gives no precipitate with silver
nitrate.

3. Zinc and sulphuric acid reduce the salt to potassium
chloride.

4. Boil a solution of the salt with sulphurous acid and
then add nitric acid and silver nitrate. No precipitate
is produced (compare potassium chlorate, p. 48).

The new salt is one of the least soluble of the salts of

potassium. In its chemical properties it resembles potassium
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chlorate in many respects ; thus it yields oxygen and potas-
sium chloride when it is heated, and is reduced to potassium
chloride by zinc and sulphuric acid. It is not, however,
reduced by sulphurous acid, and is not decomposed by hydro-
chloric acid, and can thus be distinguished from a chlorate.
When it is treated with strong sulphuric acid free perchloric
acid, HCIO, is formed, which is a stable substance and can
readily be distilled. The acid is a fuming liquid and is a very
powerful oxidising agent, which sets fire to wood and paper, and
explodes violently when dropped on to freshly prepared charcoal.

Periodic Acid, HIO,, and its Salts.—Barium periodate
can be prepared from the iodate in a similar manner to that
by which potassium perchlorate is obtained from the chlorate,
and from this the other salts can be prepared by double
decomposition. Periodates are also produced when an iodate
is treated with chlorine in alkaline solution, the chlorine acting
as an oxidising agent,—

NalO, + Cl, + 2NaOH = NalO, + H,0 + 2NaCl.

A large number of salts are known which differ in the
amount of water they contain. '

The free acid can be prepared by the decomposition of the
barium salt with sulphuric acid, and it can also be obtained
by the action of free iodine on perchloric acid,—

2HCIO, + I,=2HIO, + Cl,.

This corresponds exactly to the formation of potassium
iodate by the action of iodine on potassium chlorate (p. 53).

The acid is a white crystalline solid which decomposes
when heated into water, oxygen, and iodine pentoxide,—

2HI10, = H,0 + 1,0, + O,

No corresponding salts or acid have been obtained from
bromine,

SUMMARY

The action of caustic potash and other alkalis on the halogen elements
takes place in two ways.

1. In a cold dilute solution it yields an unstable hypo-salt, which acts
as an oxidising agent, and passes more or less rapidly into the correspond-
ing chlorate, bromate or iodate.
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2. When chlorine is passed in excess into a hot or concentrated solution,
and when the solutions of bromine and iodine in an alkali are allowed to
stand, a more stable salt containing three atoms of oxygen is produced,
which loses oxygen when it is heated and also gives up its oxygen when
it is treated with zinc and sulphuric acid, sulphur dioxide, and other
reducing agents.

ExERrRcCISES ON LEsson VII

1. What occurs when chlorine is passed into the following solutions :
(@) cold caustic potash, (#) hot caustic potash, (¢) alkaline potassium
1odate, (d) potassium iodide ?

2. Describe the preparation of iodine from Caliche. Give the reactions
of hydriodic acid with () chlorine, (#) iodic acid; and those of iodine
‘with (a) sulphuretted hydrogen, (#) sulphurous acid.

3. What is the action of chlorine on hydrogen, mercuric oxide and
hypochlorous acid respectively in the presence of water?

4. Describe some of the chief compounds formed by iodine and contrast
them with the corresponding compounds of chlorine and bromine.

5. How is potassium iodate prepared? How can the iodine contained
in this salt be liberated ?

6. Describe the preparation and properties of the oxides of chlorine.

=, 4 volumes of a mixture of chlorine and chlorine monoxide when
decomposed by heat yielded 5 volumes of gas. What was the composi-
tion of the original mixture ?

8. Describe the preparation of potassium perchlorate.

g. What is the effect of strong sulphuric acid on (a) potassium per-
chlorate, (#) potassium iodide, (¢) potassium chlorate, (4) bromine, (¢)
potassium chloride ?



LESSON VIII

THE GENERAL PROPERTIES OF THE HALOGEN
ELEMENTS

THE four elements, chlorine, iodine, bromine and fluorine have
now been described in the order of their discovery, and it
remains to group together . the various likenesses and differ-
ences which characterise their physical properties and chemical
behaviour. :

The first noticeable feature about these elements is that
the formulic both of the gaseous elements themselves and of
their various classes of compounds are similar in form, or, as
it 1s sometimes expressed, are of the same type, whilst the
properties of these compounds are also closely analogous. If
instead of writing F, Cl, Br, I, we use the letter R to express
any one of these four elements, we have the following list of
formula which may stand for any of them.

R, The gaseous element.

RH A colourless gds which fumes in the air and dis-
solves in water, forming a strong monobasic
acid.

In addition to these two, we have a number of oxy-com-
pounds which are formed by chlorine, bromine and iodine,
but not by fluorine,

KRO A hypo-salt, unstable and easily decomposed.

KRO, A much more stable salt, sparingly soluble in
water, decomposed by heat with evolution of
oxygen, and readily reduced.

KRO, A still more stable per-salt (not formed by
bromine).

Thus each of the four elements combines with hydrogen to

S
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form a monobasic acid, and unites directly with many metals
to form salts. With the exception of fluorine they agree in
forming similar series of oxy- saits, such as the hypochlorites,
chlorates and perchlorates.

If we now compare the various compounds which they
form, a very interesting gradation in properties is observed.
Taking the compounds with hydrogen and the metals, we find
that fluorine combines most energetically with both hydrogen
and the metals, and that it is followed by the others in the
order chlorine, bromine, iodine. This is proved by many
facts. Thus fluorine explodes with hydrogen, even when the
mixture is made in the dark and at a very low temperature ;
chlorine explodes with hydrogen when the mixture is heated,
and also when it is exposed to direct sunlight or to a powerful
artificial light; bromine cannot be made to explode with
hydrogen by sunlight, but unites with it at a red heat almost
completely ; finally, iodine only combines slowly and incom-
pletely with hydrogen, even when heated. The same grada-
tion is shown by the fact that fluorine displaces chlorine,
bromine and iodine from all their compounds with hydrogen
and the metals ; chlorine displaces both bromine and iodine,
and bromine displaces iodine.

The order of intensity of chemical activity with respect to
hydrogen and the metals is, therefore,—

Fluorine. Chlorine. Bromine. Iodine.

Atomic weight . . . 19 R E.5 79.9 126.9

It will be noticed that the atomic weights of these elements
also exhibit a similar gradation, so that when the elements are
arranged in the order of their atomic weights they are also
found to be in the order of their chemical activities towards
hydrogen and the metals.

A similar gradation is also noticed when the physical pro-
perties of the elements, such as their colour, boiling-point,
specific gravity, etc., are compared.
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i Soecific BEoiling-Point.
Atomi Gravit
W e‘?i?l':f. m"_—’r f‘;:ql“{ d | Tempera- | Absolute | Celour of Vapour.
or Solid, | ture Cen- | Tempera-
I tigrade. ture.
Fluorine . 19 T-TA - 187° 86 Pale yellow.
Chlorine . 35.5 I.44 - 34 230 Greenish-yellow.
i
Bromine . 79.9 3.19 | 59° 332 Red.
|
Iodine . | 126.9 4.94 i 184° 457 Violet or blue. ?

Thus fluorine is a pale yellow gas, boiling at — 187° C. or
86° absolute temperature. The absolute temperature is obtained
by taking — 273" C. as the zero and calculating the tempera-
tures from this point. The specific gravity of fluorine in the
liquid state is about 1.14. Chlorine is a greenish-yellow gas of
much deeper colour than fluorine ; it boils at — 34° C. (239°
absolute), and has the specific gravity 1.44 in the liquid state.
Bromine is a deep red liquid of specific gravity 3.19, and boils
at 59° C. (332" absolute) forming a deep red vapour. Iodine at
the ordinary temperature is a black-gray solid of specific gravity
4.94,and boils at 184" C.(457° absolute), forming a violet, orwhen
very pure, a blue vapour. It will be noticed that the gradation
of properties is most regular in the three elements, chlorine,
bromine and iodine. Thus the atomic weight, boiling-point
and specific gravity of bromine are numerically almost exactly
the means of those of chlorine and iodine, whilst bromine is also
intermediate between these two elements in colour, physical
state and activity towards hydrogen and the metals. Fluorine,
on the other hand, differs from the other three elements more
than these do from one another, although, as we have seen, a
strong general resemblance exists.

In their oxy-compounds, the relations of these elements are
not quite so regular, although a certain gradual variation of
properties is still to be observed. Fluorine forms no compounds
whatever of this class, The compounds of chlorine and bromine
are unstable, whilst those of iodine are, on the whole, more
stable than the others. The order of chemical activity with
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regard to oxygen seems to be almost exactly the reverse of
that towards hydrogen. Moreover, although chlorine displaces
iodine from its compounds with hydrogen and the metals, the

very opposite is the case with the oxy-salts and oxy-acids.

As we have seen, iodine so readily displaces chlorine from
potassium chlorate, that potassium iodate can be prepared
conveniently by heating potassium chlorate with iodine.

SUMMARY

We have to notice ién Zhe jfirst place that a striking general re-
semblance exists between the chemical properties of fluorine, chlorine,
bromine and iodine. This shows itself in the formation of compounds of
analogous composition, which can be prepared in a similar manner, and also
resemble one another in general properties. [z fke second place, however,
we see that this general resemblance is modified by a graduated variation
in the properties, both of the elements themselves and of their compounds,
which appears to correspond with the change of atomic weight as we pass
from one element to the other. These two relations are found to hold in
many of the families into which the elements are divided, and, as we
shall see later, form the basis of the system of the classification of the
elements.

EXERCISES oN LEsson VIII

1. Explain the reasons which have led chemists to classify fluorine,
chlorine, bromine, and iodine in the same family of elements.

2. Compare the physical properties of the halogen elements.

3. How can the hydracids of the halogen elements be prepared?
Compare the most important properties of these acids and their salts.

4. How do the oxides and oxy-acids derived from iodine differ from
those derived from chlorine and bromine ?



LESSON IX

EQUIVALENTS — DIRECT DETERMINATION OF THE
EQUIVALENTS OF THE HALOGEN ELEMENTS AND
SILVER — THE FOUNDATION OF QUANTITATIVE
ANALYSIS—INDIRECT DETERMINATION OF EQUI-
VALENTS

Equivalents.—Those amounts of two elements which com-
bine with, or replace each other chemically, are said to be
equivalent gquantities, or, more shortly, eguivalents of the
elements. Thus the equivalent of chlorine to hydrogen is
35.5 to 1, because 35.5 parts by weight of chlorine unite with 1
part of hydrogen ; again, the equivalent of sodium to hydrogen
is 23 to 1, because 23 parts of sodium replace 1 part of
hydrogen in its compounds with other elements, such, for
example, as the halogens. In the same way the equivalent
of copper to magnesium is 2.6 to 1, because 1 part of
magnesium replaces 2.6 parts of copper in the sulphate, nitrate,
and other salts of that metal.

It is possible to express these equivalents in many different
ways. The simplest is to assume hydrogen as the standard
and take as the equivalents of all the other elements those
quantities which combine with or replace 1 part of hydrogen.
For the reasons explained below, however, oxygen is chosen as
the standard substance, and #ke equivalents of all the other
elements are those gquantifies which combine with or replace
8 parts of oxygen.

Although the choice of one part of hydrogen as the standard of equiva-
lents is in many ways very convenient, it has certain practical disadvantages.
The determination of the equivalents of two elements is best carried out
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by the direct analysis or synthesis of a compound of the two, Hydrogen,
however, either does not unite with a very large number of the elements,
or forms compounds which from their properties are unsuitable for accurate
analysis. Ouxygen on the other hand forms compounds which, as a rule,
are admirably adapted for this purpose.  For this practical reason (among
others) oxygen has been chosen as the standard substance in terms of
which equivalents, atomic weights, and molecular weights are all expressed.
In order, however, to avoid atomic weights less than one, the value for
the atomic weight of oxygen has been fixed at 16, so that the equivalent
is 8 and the molecular weight 32. When the atomic weight of hydrogen
is taken as 1, the equivalent of oxygen is 7.94, and its atomic weight 15.88,
so that when the atomic weight of oxygen is taken as 16, and the equiva-
lent as 8, that of hydrogen becomes 1.008. For most purposes the atomic
weight of hydrogen may be taken as 1 without any serious error being
involved, and as a rule, in the present work, this is done, attention being
called to the fact when the more accurate number is required. It must,
however, be understood that strictly the value for hydrogen is 1.008, and
that the real standard of comparison is not hydrogen, but oxygen, with
the atomic weight 16, the equivalent 8 and the molecular weight 3=.

Thus, since 8 parts of oxygen unite with 1 part of hydrogen,
or 20 parts of calcium, or 107.88 parts of silver, all these
quantities are equivalent.

When an element unites with another in two or more

different proportions, it is said to have two or more different
equivalents. Thus chlorine has the equivalent 35.5 in chlorine
monoxide Cl,O and 8.875 in chlorine peroxide, ClO,.
. Determination of the Equivalents of the Halogen
Elements and Silver.—The most direct way by which the
equivalent of two elements can be determined is to allow the
two substances to unite and to weigh the quantities which are
employed. In order that such a process may give accurate
results it is necessary, in the first place, that the substances
be perfectly pure, and in the second place that the weighed
substances enter completely into combination, This method
cannot be applied in every case because of the difficulty in
fulfilling these conditions, but when possible it affords by far
the most accurate results.

One of the most important instances of the use of this
process 1s the determination of the equivalents of the halogen
elements, chlorine, bromine and iodine, and silver, which was
carried out with great care by the Belgian chemist Stas, and
has since been repeated even more accurately in America by
Richards. We will only here consider the cases of iodine and
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silver, since the other determinations were made in a somewhat
similar manner.

In this experiment the first things required were pure silver
and pure iodine, and great care was taken to obtain these.
The silver was rendered as pure as possible by the ordinary
methods, and was then distilled by means of the oxy-
hydrogen flame in a cavity hollowed out of a block of quick-
lime. The iodine was dissolved in potassium iodide ‘solution
in order to remove all traces of bromine and chlorine, which
decompose potassium iodide with liberation of iodine (p. 39),
and was then precipitated by water, distilled and carefully
dried.

A weighed amount of the pure silver was dissolved in nitric
acid and thus converted into the nitrate, the action of the
acid being similar to that which it has on metallic copper
(R.and L., p. 156). This was then heated with sulphuric acid,
which converted it into the sulphate. On the other hand the
pure iodine was weighed and converted by the action of
sulphurous acid into hydriodic acid.

The solutions of silver sulphate and hydriodic acid were
then mixed, and the silver iodide which was formed allowed to
settle,

Several preliminary experiments were first made in order
to obtain an approximate value for the equivalent. The
quantities were then so chosen that a slight excess of
hydriodic acid remained in the clear liquid, and the amount of
this was ascertained by adding a very weak solution of silver
sulphate containing a known amount of the metal, until no
further precipitate of silver iodide was formed, this method
being one of extreme delicacy. The whole of the silver iodide
was then washed with pure water to remove the sulphuric acid,
and was finally dried and weighed. All these operations were
carried out with great care and remarkably accurate results
were obtained, as is shown by the following numbers, which
give in grams. the total results of five experiments :—

Amounts taken.

Iodine. Silver. Total. Silver iodide obtained.
381.1262 4+ 324.2575 =705.3837 705.3718
The total weight of silver iodide obtained was therefore only
0.0119 gram. less than the sum of the weights of the silver
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and iodine which were taken, or I part in 70,000, whereas if
the experiment were conducted with perfect accuracy we
should expect the two weights to be equal (R. and L., p. 17).
This small difference represents the experimental error of the
process. As a matter of experience it is found that operations
such as those described above cannot be carried out without
some slight loss of the material, so that in every such experi-
ment a slight unavoidable error is introduced.

According to this experiment, therefore, 324.2575 parts of
silver unite with 381.1262 parts of iodine, or 1 part of silver

: : : : 381.1262
unites with, and is equivalent to, =————=1.1754 part of

324.2575
iodine. :

The most accurate result, the average of several experi-
ments, is that 1 part of silver is equivalent to 1.1765 parts
of iodine.

The final step is to determine the equivalent of silver to
oxygen, since, when this is known, the equivalent of iodine to
oxygen can readily be calculated from the data obtained in
the experiment just described. It is necessary to do this by an
indirect method, since silver oxide is not a compound which
can be obtained pure enough for accurate analysis, and the
method which was chosen was that of determining the amount
of silver which re¢places the hydrogen equivalent to 8 parts of
oxygen (Z.e. 1.008 parts of hydrogen, see p. 62) in an acid.
For this purpose iodic acid was chosen, which is known to
contain 6 times as much oxygen as is necessary to convert its
hydrogen into water. This acid was converted into the silver
salt, and the silver iodate analysed in order to find out how
much silver had replaced 1.008 part of hydrogen, and was
therefore present in the salt along with 6 x 8 =48 parts of
oxygen. A weighed amount of the salt was heated, or reduced
with an excess of sulphurous acid (p. 54), and the amount of
silver iodide which was obtained carefully weighed. It was
thus found that 282.8 parts of silver iodate yield 48 parts of
oxygen and 234.8 parts of silver iodide. We know, however,
from the previous experiments that 2.1765 parts of silver iodide
contain 1 of silver and 1.1765 of iodine. Hence 234.8
1.1765 x 234.8

2.1765

=126.92 parts of iodine and
I

parts contain
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T %2348
2.1765
silver are the chemical equivalent of 8 of oxygen. Moreover
since 107.88 parts of silver unite with 126.92 parts of ieodine,

the latter number represents the equivalent of iodine.

The corresponding numbers for chlorine and bromine
were obtained in a similar manner, the final result being as
follows ;—

= 107.88 parts of silver. Hence 107.88 parts of

Silver : : : : SR 11 Ly
Chlorine : : . \ et < o
Bromine : : ’ : : 70.02
Iodine : : . : ., 12692

The Foundation of Gravimetric Analysis.— The
numbers given above express the composition of the chloride,
bromide, and iodide of silver, and this information is of great
practical value, because by making use of it a rapid and accurate
method can be devised for analysing any salt of hydrochloric,
hydrobromic, or hydriodic acid. We know that when any
chloride is dissolved in water or dilute nitric acid, and a solution
of silver nitrate is added to it, the whole of the chlorine unites
with silver and forms insoluble silver chloride, which can be
filtered off, dried, and weighed. Since we are acquainted with
the composition of silver chloride we can calculate from this
weight the amount of chlorine present, all of which has of
course been derived from the original substance. An example
will make this clear.

1.5 gram. of a salt, when treated in the way described
above, yields 1.922 gram. of silver chloride. Required the
percentage of chlorinie in the salt.

We learn from the numbers given above that 107.88 parts
of silver unite with 35.46 parts of chlorine to form 143.34
parts of silver chlonde.

Hence, by reduction to unity,

-

: : . 46
1 part of silver chloride contains J2.=

1433;_31 parts of chlorine,

and .-.

1.922 part of silver chloride contains —

chlorne.
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This amount of chlorine was furnished by 1.5 gram. of the
salt, and hence 100 grams. of the latter contain—
1.922 X 35.46 x 100
—— e ]'. ”]"3“15,
143.34 X 1.5 e

This 1s an instance of the method generally adopted for the
gravimetric determination of chlorine in hydrochloric acid and
its salts, and it must be remembered that in every such case
use i1s made of our knowledge of the composition of silver
chloride. The analysis of bromides and iodides is carried out
on precisely the same principles,

Indirect Determination of Equivalents.— Every such
analysis of a pure chloride can be used to calculate the equiva-
lent of the metal present in the salt, The analysis of potassium
chloride, for example, shows that this salt contains 47.56 per
cent of chlorine, and therefore 100 — 47.56 = 52.44 per cent of
potassium, Hence it follows that 35.46 parts of chlorine are

. &
combined with 5"'4;1;5%}‘4ﬁ=39.1 parts of potassium, and
this is therefore the equivalent of potassium.  Numerous
instances of the application of this indirect method of determin-
ing equivalents will be met with in the course of the following
chapters. The method is indirect because it involves a know-
ledge of the composition of silver chloride, any error in which
- would of course cause a corresponding error in the equivalent
of potassium,

The equivalent can be determined not only from the
analysis of the clloride of the metal, but from that of any
salt, provided that the composition of the substance into which
it 1s converted is accurately known. Thus, for example, the
equivalent of fluorine, an element which does not form an
insoluble compound with silver, has been determined by con-
verting calcium fluoride into calcium sulphate, 1 part of which
is obtained from 0.573 part of the fluoride, It is known from
other experiments that 1 part of calcium sulphate contains
0.294 of calcium, and therefore this amount of calcium
1s present in ©0.573 part of calcium fluoride, the remainder,
0.573 — 0.294 = 0.279, being fluorine. Hence, the equivalent of

. : L ORTG 20.0
calcium being 20.05, that of fluorine 1s Sl bt i 1g.
0.204
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EXERCISES ON LEssoN IX

1. Define the terms eguivalent and afomic weight.

2. 1 gram. of a certain metal was found to yield 1.246 gram. of the
oxide. Calculate the equivalent of the metal. _

3. 2 grams. of metallic silver when heated in sulphur vapour yielded
2.2965 grams. of silver sulphide. Calculate the equivalent of sulphur, The
equivalent of silver i1s 107.88.

4. 6.44006 grams. of diamond yielded on combustion 23.6114 grams, of
carbonic acid gas. Calculate the equivalent of carbon.

5. 3.352 grams. of a certain metal when dissolved in caustic soda
yielded 4161.6 cc. of gaseous hydrogen at N, T.P. 'What is the equivalent
of the metal ? .

6, T gram. of silver was converted into the nitrate, and it was then
found that 1.5380 gram. of potassium iodide was just sufficient to pre-
cipitate the whole of this as silver iodide. Calculate the equivalent of
potassium. The equivalent of silver is 107.88, and that of iodine is
126.92.

7. 4.9474 grams. of the bromide of a metal exactly precipitated 6 grams.
of silver in the form of silver bromide from a solution of silver nitrate.
Calculate the equivalent of the metal.

8. 1 gram. of calcium carbonate when treated with sulphuric acid
yvields 1.36035 gram. of calcium sulphate. How can the equivalent of
calcium be calculated from these numbers, and what other equivalents
does the calculation involve ?

9. 4.258 grams. of the chloride of a metal yielded with silver nitrate a
precipitate of 5.869 grams. of silver chloride. Calculate the equivalent of
the metal.



LESSON X
METALS AND NON-METALS

FrRoM the earliest times the bright and shining metals were
distinguished from all other kinds of matter by a special name,
and were regarded as a class apart. Only seven metals—gold,
silver, mercury, copper, tin, iron, and lead—were known to the
early alchemists who lived and worked in Alexandria. The
endeavours of these ancient workers were nearly all vainly
directed towards converting the last four of these metals into
the noble metals, gold and silver, and the attempt was generally
made by means of mercury or quicksilver, the liquid condition of
which, joined to its great density and bright lustre, rendered it
specially remarkable. These seven metals all agree in being
heavy and possessing a peculiar lustre, which we now call a
metallic lustre, and, with the exception of mercury, which is
liquid, they are all malleable, that is to say, can be beaten out
by the hammer into plates without breaking up into fragments,
as do such substances as glass and pottery, which are said to
be brittle. :

As time went on other substances were discovered, which,
like the seven metals, were bright and heavy, but, unlike them,
were brittle. These were such substances as zinc, bismuth,
and antimony, and for a long time many workers at chemistry
refused to recognise them as metals, but called them semi-
metals or bastard metals.

The further progress of chemistry, however, has revealed
the fact that the seven metals of the ancients and the semi-
metals discovered by their successors are not only alike in
outward appearance, but also in chemical properties, and this
was fully recognised at the close of the eighteenth century.
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All these metals unite, directly or indirectly, with oxygen to
form dasic oxides, that i1s, oxides which react with acids to
form salts. Thus copper oxide is converted by hydrochloric
acid into copper chloride ; litharge or oxide of lead, when
treated with nitric acid, yields lead nitrate ; zinc oxide when
dissolved in sulphuric acid yields zinc sulphate ; and so on for
the others. '

Most of the so-called non-metallic elements then known
presented a complete contrast to these metals, both in their
physical and chemical properties. They were either gases,
such as hydrogen, oxygen, nitrogen, and chlorine, or substances
like carbon and sulphur, quite devoid of any similarity to the
metals in appearance. Their oxides, moreover, were either
indifferent substances (nitric oxide, carbonic oxide, etc.), or
yielded strong acids when brought into contact with water. -

To sum up the chief properties of the two classes into which
the elements were divided.

The Metals were characterised by—

1. Metallic lustre.

2. Opacity,

3. High density. -

4. Great conductivity for heat and electricity.

5. The formation of basic oxides, which reacted with acids
to form salts.

The Non-Metals, on the other hand, were devoid of these
qualities,

1. They had no metallic lustre.

Many of them were transparent.

They had comparatively low densities.

They were bad conductors of heat and electricity. _

They formed oxides which united with water to produce
acids,

An entirely new class of substances was brought to light
in 1807, when Davy succeeded in decomposing the alkalis,
which had long been regarded as elementary bodies. He
thus obtained the elements known as sodium and potas-
sium, about which he himself said: “ These both agree with
metals in opacity, lustre, malleability, conductive powers as to

wn s Lo B

electricity, and in their qualities of chemical combination.” In

one important respect, however, they differ from all the metals

T
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which had up to that time been discovered. They are both
lighter than water, and hence many chemists refused for some
time to consider them as true metals. In the end, however, it
has been admitted that they are as truly metals as copper or
zinc, since like these they form basic oxides and displace the
hydrogen of acids, forming salts.

The opacity of the metals was another property, which, as
we have seen, was at one tume thought to distinguish them
from the non-metals, many of which are transparent. It has,
however, been found that many of the metals are also trans-
parent when a very thin layer is examined. Thus gold-leaf,
which appears yellow by reflected light, transmits green light,
whilst silver allows blue light to pass through it.

The final conclusion i1s that neither the chemical nor the
physical properties of the elements are of such a nature as to
divide them skZa#p/y into two classes, the metals and the non-
metals. Many elements, for example, are now known which
yield oxides which are not exclusively either basic or acid
forming. Thus oxide of aluminium dissolves in hydrochloric
acid, a strong acid, to form aluminium chloride, and with
equal readiness dissolves in caustic potash, a strong base, to
produce potassium aluminate, in the formation of which it plays
the part of an acid-forming oxide.

It has thus been found impossible to fix on any one property
or even a series -of properties by means of which any particular
element may be classed as a metal or a non-metal, and this
classification is now only made use of as a convenient way of
roughly grouping the elements into two divisions.

It may still, however, be said that most of the metals have
a bright metallic lustre, conduct heat and electricity well, and
form basic oxides, whereas most of the non-metals have not a
metallic lustre, do not conduct electricity well, and yield acid-
forming oxides.

It is easy thus to distinguish a well-marked metal, such as
silver, from a well-marked non-metal like chlorine, On the
other hand, it is possible in some cases to group together in a
single family a number of elements which all resemble each
other in somewhat the same way as the halogen elements,
whilst the member of lowest atomic weight is a well-marked
non-metal, and that of highest atomic weight a characteristic
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metal, the members of intermediate atomic weight being also
intermediate in chemical properties. This 1s, for example, the
case in the nitrogen group of elements among which nitrogen
and phosphorus are well-marked non-metals, arsenic and anti-
mony are intermediate in character, and bismuth is a well-
marked metal.

We shall, therefore, proceed to the study of this gradual
passage from a non-metal to a metal in the nitrogen group,
and then pass on to the consideration of the properties of the
typical metals.

SUMMARY

The metals, as a rule, have a bright metallic lustre, conduet heat and
electricity well, and form basic oxides, whereas the non-metals, as a
rule, do not have a metallic lustre, conduct heat and electricity badly,
and yield acid-forming oxides. It is, however, impossible to divide the
elements sharply into these two classes, since many of them behave in
some respects as metals, in others as non-metals. In many of the families
of the elements the members of low atomic weight are non-metals and
those of high atomic weight are metals, whilst those of intermediate atomic
weight are also intermediate in properties between the metals and non-
metals.
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THE ELEMENTS OF THE NITROGEN GROUP

NITROGEN. PHOSPHORUS. ARSENIC. ANTIMONY. DBISMUTH.

THE properties of nitrogen and some of its chief compounds
have already been described (R. and L., pp. 129-169).

In addition to these the following important compounds
are formed by nitrogen with hydrogen, oxygen, and the
halogen elements.

Hydrazine, N,H .—This substance can be prepared by
. a complicated process from ammonium thiocyanate, NH,CNS,
It is also formed by the action of sodium hypochlorite on
excess of ammonia, the reaction proceeding in two stages. In
the first, the ammonia is converted into a chlorine derivative,
monockhloramine, NH,Cl, which has not been isolated, and this
then reacts with a second molecule of ammonia forming
hydrazine hydrochloride :—

(1) NH,+ NaOCl=NH,Cl + NaOH.
(2) NH,Cl+ NH,=NH,NH,"HCL

The best yield is obtained in the presence of some substance
such as gelatine.

In the free state it is a colourless liquid boiling at 1137,
and having the specific gravity 1.0114. Like ammonia it
readily combines with acids to form salts. Unlike ammonia
it can, however, unite with either one or two molecules of a
monobasic acid, so that two series of salts are formed ; and it
is therefore termed a diacid base,—

Hydrazine Monohydrochloride. Hydrazine Dihydrochloride.
N.}H‘lt HCI. N‘}H'i. EH{.:I-I
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Hydrazine combines much more vigorously than ammonia
with water. The hydrate of ammonia, ammonium hydroxide,
NH,HO, is decomposed when a solution of ammonia in
water is boiled, whereas hydrazine hydrate, N,H . HO, can
be distilled mthnut undergoing decomposition. It is, hnwever,
decomposed when heated for some time with -anh},rdrnus baryta,
free hydrazine being produced. Hydrazine has the constitu-
tional formula NH, . NH,, and very readily undergoes oxidation
with formation of water and gaseous nitrogen.

Hydrazoic Acid or Azoimide, N;H. When ammonia

is passed over heated sodium, a compound known as soda:
mide, NH,Na, is produced,—

2NH, +2Na=2NH,Na + HE.

This substance is converted by nitrous oxide into the
sodium salt of hydrazoic acid,—

NHENa + N,0 =N_,Na + H,0.

When the sodium salt is dissolved in water and distilled
with dilute sulphuric acid, a solution of hydrazoic acid, N,H,
passes over. The pure substance, when freed from water, is
a colourless liquid which has an unpleasant smell and boils at
37°. It is extremely unstable and explodes with great violence
when suddenly heated. This substance acts as a strong
monobasic acid and dissolves metals with evolution of hydrogen.
It also forms salts with sodium and potassium, which are not
explosive, but decompose when carefully heated, nitrogen being
evolved and the metal left in the free state,—

2N ;Na= 3N, + 2Na,

It is remarkable that this compound is a strong acid, and
forms salts with metals and basic oxides, whilst ammonia,
NH,, and hydrazine, N,H,, are bases and yield salts with acids.

Hydroxylamine, NH,O.—When nitric oxide is treated
with tin and hydrochloric acid, it becomes reduced and
hydroxylamine is formed,—

2NO + 6H = 2N H,0.

It is manufactured by electrolysing a mixture of nitric and
sulphuric acids, the nitric acid undergoing reduction.
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This substance is very difficult to prepare in the free state.
It is a white solid which melts at 33" and explodes when
strongly heated. Like ammonia it unites with acids to form
stable salts.

It is very easily oxidised and therefore acts as a strong
reducing agent, precipitating many metals from solutions of
their salts.

Hydroxylamine Hydrochloride NH,O,HCI, crystal-
lises well and is very soluble in water. The reactions of
hydroxylamine show that it has the formula NH,. OH, one
of the hydrogen atoms of ammonia having been replaced by
the group — OH (hydroxyl, see p. 198), and it was on this
account that it received its name.

Nitrogen Trichloride, NCl,.—Nitrogen unites with
chlorine to form a very unstable compound, which explodes
very violently when it is heated or when brought into contact
with grease or turpentine. It is prepared by the action of
chlorine on a warm solution of ammonium chloride, when
oily drops of the above compound are formed,—

NH,Cl + 3Cl,=NCl, + 4HCL

Nitrogen Iodide.—When iodine is brought into strong
ammonia it is converted into a black powder, which explodes
violently when dried and heated, or even touched. This sub-
stance is obtained in the pure state by the action of ammonia
on a freshly prepared dilute solution of iodine in caustic potash,
and has the formula, N, H,I..

The characteristics which distinguish nitrogen
from the other elements, which have so far been described,
may be summarised as follows :—

1. It forms a large number of oxides, the highest of which
has the formula N,O,, and unites with water to form a strong
monobasic acid known as nitric acid, HNO,. The trioxide
N,O, is very unstable, and forms the unstable weak acid
known as nitrous acid, HNO,,

2. It unites with hydrogen under special conditions to
form the gaseous compound ammonia, NH,, which combines
with acids to form salts, such as ammonium chloride, NH Cl.

3. Its compound with chlorine is so unstable that it ex-
plodes violently when gently heated.
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4. Free nitrogen is a colourless gas which only liquefies at
— 194°, and solidifies at — 214",

These properties must be borne in mind whilst the remain-
ing members of the group are being studied, since they serve
as a standard of comparison by which the progressive change
in the character of these elements may be measured.

Phosphorus, P, 31

Phosphorus differs very sharply from nitrogen in combining
so readily with oxygen that it takes fire when exposed in large
pieces to the air. A small piece does not take fire, but
gradually oxidises, emitting a greenish light during the process,
which 1s easily visible in a dark room. The name of phos-
phorus (Greek, light bearer) was given to the element on
account of this remarkable property, which is known as phos-
phorescence. This property of shining in the dark is possessed
by a great many substances, and is not always due to chemical
change, but can be produced by exposing the substance to
light, or in other ways. ¢ Luminous paint,” for example, which,
as we shall see, consists of calcium sulphide, is luminous in
the dark after it has been exposed to the light, but undergoes
no change in composition, whilst fluorspar becomes luminous
when it is gently heated, and sugar when it is rubbed or broken.

Phosphorus does not occur in nature in the free state, but
usually in the form of a phosphate or salt of phosphoric acid,
the most important of these phosphates being two salts of
calcium, phosphorite, Ca,(PO,),, and apatite, 3Ca,(PO,), +
CaF,, both of which occur very largely, especially in Canada.

All vegetable fruits and seeds also contain phosphorus, this
element being essential for their proper development. The
plants obtain their phosphorus from the phosphates of the
soil, and hence when heavy crops of grain are grown in
succession on a piece of land, compounds of phosphorus must
be added in some form of fertiliser to ensure a good yield.
Calcium phosphate, moreover, forms the mineral part of bones,
and various compounds of phosphorus are also found in almost
all parts of the animal body.

Manufacture of Phosphorus.—Free phosphorus is
almost always prepared from calcium phosphate, either the

e e e ki
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natural mineral or bone ash prepared by Calcining bones, and
thus burning away all the organic matter, being employed.
This is treated with sulphuric acid, which converts it into
calcium sulphate and phosphoric acid,—

Cay(PO,), + 3H,50, = 3CaS0, + 2H,PO,.

The insoluble sulphate is filtered off, and the phosphoric acid
evaporated down, mixed with charcoal, and strongly heated in
earthenware retorts.

The phosphorus distils over, and is condensed in water.

H,PO,=HPO,+ H,O,
2HPO, + 6C=H,+6CO 4 2P.

Another process consists in mixing the calcium phosphate
with charcoal and silica and submitting the mixture to the very
high temperature produced in the electric furnace.

In both processes the reaction i1s one of reduction, the
oxygen of the phosphoric acid or calcium phosphate being
removed by the carbon.

The crude phosphorus is then remelted, pressed through
chamois leather, and cast in sticks.

Allotropic Forms of Phosphorus.—Like oxygen,
carbon, and sulphur, phosphorus exists in two allotropic forms.
These are known as—( 1) ordinary or yellow phosphorus ; (2)
red phosphorus.

1. The phosphorus obtained in the way just described is
known as ordinary or yellow phosphorus, and is a slightly
yellow, transparent, wax-like substance of specific gravity 1.83,
It melts at 44.3°, boils at 290°, and can readily be distilled,
the operation being carried out in an apparatus from which the
oxygen of the air has been removed, or replaced by coal gas or
carbon dioxide. It dissolves in carbon disulphide, forming a
solution which, on evaporation, leaves a residue of phosphorus
in so finely divided a condition that it at once takes fire in the
air.  Ordinary phosphorus takes fire when it is plunged into
chlorine, unites with many of the metals, and is slowly
acted on by caustic soda solution, phosphine being pro-
duced (p. 87). It must be preserved and handled under
water, since, as already mentioned, it takes fire readily
when exposed to the air, and this process is greatly aided
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by friction or a blow. The vapour density is about 62
compared with hydrogen, and hence the molecular weight is
124. Since, as we shall see (p. 91), the atomic weight is 31,
it follows that the molecule of phosphorus vapour contains 4
atoms, its formula therefore being P 4

2. Red phosphorus is formed when ordinary phosphorus is
heated for some time to about 250° in an atmosphere free from
oxygen. The change takes place much more rapidly and at a
lower temperature when a trace of iodine is added. Itis a red
powder which is made up of crystals, although it was long
thought to be amorphous, and has the specific grdvity 2.706.
It is much less chemically active than ordinary phosphorus.
Thus it does not take fire on exposure to the air or when
plunged into chlorine. It is, moreover, insoluble in carbon
disulphide, and is not acted on by caustic soda solution, so that
it can easily be freed from ordinary phosphorus by treatment
with this latter reagent. When heated in the air to about 350"
it changes back into yellow phosphorus and then takes fire.

EXPERIMENT j30.—Place a small piece of ordinary phos-

phorus at one edge of an iron sand tray, and an equal
amount of red phosphorus at the opposite edge, and heat
the tray by a flame placed at its centre. The ordinary
phosphorus takes fire long before the red phosphorus.

A form of red phosphorus known as scarlet phosphorus
which is much more active than that obtained in the usual way
is produced when a solution of yellow phosphorus in phosphorus
tribromide is boiled. It is bright scarlet in colour and is in a
very finely divided state. Although it does not oxidise in the
air, it 1s much more chemically active than the usual form and
dissolves rapidly in caustic soda solution, and is at once oxidised
by nitric acid. Moreover it can be used instead of ordinary
yellow phosphorus for the production of matches which can be
struck on any surface (p. 79).

Another variety of phosphorus is also known which closely
resembles red phosphorus in everything but its appearance. It
is prepared by heating phosphorus with metallic lead. The
molten lead dissolves the phosphorus, which is again deposited
in crystals on cooling. When the mass is treated with dilute
nitric acid, the lead dissolves and the phosphorus is left
behind as a black mass.
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Lucifer-matches—Phosphorus is chiefly used for making
lucifer-matches. The old way of producing a flame artificially
was to strike a piece of steel against a flint and allow the
sparks, which consist of burning fragments of steel, to fall on
charred linen, called tinder. A match of wood coated at one
end with sulphur was then thrust into the smouldering tinder
and a flame thus obtained.

The first chemical matches produced were tipped with
sulphur coated with a mixture of potassium chlorate, sugar, or
other organic matter, and gum, and were ignited by being
thrust into a bottle containing sulphuric acid (p. 52). These
were very inconvenient, and were soon superseded by friction-
matches, known as “ Congreves,” which were first introduced
in 1827 by J. Walker of Stockton-on-Tees, and were sold at
the rate of one shilling and twopence for a tin box containing
100 matches and a piece of glass paper. These matches were
tipped with sulphur coated with a mixture of antimony sulphide,
potassium chlorate, and a little gum, and were ignited by being
drawn between two folds of glass paper. The oxygen of the
potassium chlorate combines with the elements of the antimony
sulphide, and the heat produced by this union ignites the
sulphur with which the match is tipped.

Much more convenient than these are phosphorus matches,
tipped with a mixture of potassium chlorate, ordinary phos-
phorus, chalk, and gum, which ignite much more readily than
the old matches containing no phosphorus. Unfortunately
the fumes given off during the manufacture of these matches
are extremely poisonous, and sometimes, unless proper pre-
cautions as to ventilation, etc. are taken, cause decay of the
bones of the jaw, known commonly as * phossy jaw,” among
the workers engaged in their production. A sulphide of
phosphorus, P S, or the scarlet form of red phosphorus, 1s
now generally substituted for ordinary phosphorus in matches,
as these substances are not dangerous to the workers and yet
enable the matches to be struck on any surface. ¢ Safety-
matches ” have also been introduced, which contain no phos-
phorus, but are tipped with potassium chlorate or some other
oxidising agent, antimony sulphide, and gum. They are
caused to ignite by being rubbed on a surface covered with
red phosphorus, the use of which 1s not attended by any ill
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results to the work-people, These matches, moreover, are not
so liable to accidental ignition as those containing ordinary
phosphorus, The wooden stem of the match is now generally
impregnated with paraffin in place of sulphur.

It will be noticed that the head of the safety-match has a
similar composition to that of the first friction-match, and as a
matter of fact, these safety-matches ignite when they are
rapidly drawn along an extended smooth surface of non-con-
ducting material, such as glass, paper, etc.

The Oxides and Oxy-acids of Phosphorus

When phosphorus 1s burned in a plentiful supply of air it
is almost completely converted into phosphorus pentoxide, a
white, very deliquescent substance. This compound has the
empirical formula, P,0,, and therefore corresponds in com-
position with nitrogen pentoxide, N,O..

When the air supplied to burning phosphorus is limited in
quantity lower oxides are formed, the chief of which is the
trioxide, which has the empirical - formula P,0,, correspond-
ing with nitrogen trioxide, N,0,.

Each of these oxides forms an acid, and these are known
respectively as phosphoric acid and phosphorous acid, just as
the acids derived from the pentoxide and trioxide of nitrogen
are termed nitric acid and nitrous acid.

Phosphorus Pentoxide or Phosphoric Anhydride,
PO,

Phosphoric anhydride is usually prepared by burning phos-
phorus in a free supply of air. The product is not quite pure,
but contains a small amount of the lower oxides of phosphorus,
from which it can be freed by sublimation in a stream of
oxygen over heated spongy platinum. It is a pure white
powder, which combines with water with great evolution of
heat, and rapidly takes up water and becomes liquid when
exposed to the air. Since it combines so readily with water
vapour, it forms a very valuable drying agent for gases. It is
also able to decompose many compounds containing hydrogen
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and oxygen combined with other elements, and is therefore some-
times used for preparing acid-forming oxidesfrom the correspond-
ing acids, for example, nitrogen pentoxide from nitrir: acid—

2HNO, + P,0,=2HPO, + N,0,.

The empirical ﬁ::urmula of the oxide is P,O,, but determinations
of the vapour density show that even at high temperatures the
molecular formula is P,0,,.

The Phosphoric Acids

Phosphoric anhydride is capable of producing no less than
three different acids with water :—

When it is allowed to deliquesce in the air or is dissolved
in cold water it reacts with one molecule of water and produces
an acid of the formula HPO,, which is known as meta-
phosphoric acid, and corresponds in composition with nitric
acid, HNO,,—

P,0; + H,O0 =2HPO,.

2. When, on the other hand, it is dissolved in boiling water,
or when its solution in cold water is boiled or allowed to stand
for some time, it reacts with no less than three molecules of
water, and forms an acid known as orthophosphoric acid,
which has the formula H,PO,. No corresponding acid
derived from nitrogen pentoxide is known.

P,0, + 3H,0 = 2H,PO,.

3. The third acid, known as pymphusphnnc acid, H,P,0.,
15 formed when urthnphusphﬂrlc acid 1s carefully h&ated “but
cannot be obtained by the direct union of phosphoric anhydride
with water,—

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

These three acids only differ in composition by the amount
of water they contain, as is seen from the following list :—

Composition. ]‘PT;E_:::E:[
Metaphosphoric acid i B+ HO - HPO,
Pyrophosphoric acid . ; P. O o D H E3
Orthophosphoric acid PR D + 3H, 201 H PD
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They nevertheless form different series of salts with alkalis
and show different reactions, so that, although they are all
derived from phosphoric anhydride, they must be considered
as three distinct and different acids,

Orthophosphorie Acid, H,PO,

This acid is not usually prepared by the method referred to
above, since it can be more readily obtained by other means.
On the small scale it 1s best prepared by the actron of nitric
acid on phosphorus, the latter being thereby completely oxidised,
whilst the nitric acid is reduced. Oxides of nitrogen are
evolved, and the phosphorus in the presence of water converted
into phosphoric acid. Like all the oxidising effects of nitric
acid, this cannot accurately be represented by any simple
equation, because a mixture of oxides of nitrogen is formed,
the composition of which depends on the strength of the acid
and the temperature.

EXPERIMENT 31.—Place 50 cc. of concentrated nitric acid
in an evaporating basin in a draught chamber, and bring
into it in small portions at a time 5 grams. of red phos-
phorus.  Start the reaction by warming, and then with-
draw the flame until the evolution of nitrous fumes has
almost ceased. If any phosphorus 1s left add another
25 cc. of the acid; and in any case evaporate down until
a syrup of phosphoric acid is left. Dissolve in water,
dilute to 150 cc. and reserve the solution for the
preparation of the sodium salts.

On the large scale the acid is made, as already mentioned

(p. 77), from bone ash, which is largely composed of calcium
phosphate, by the action of dilute sulphuric acid,—

Ca,(PO,), + 3H,50, = 3CaS0O, + 2H,PO,.

The calcium sulphate which is formed is only sparingly
soluble in the liquid and is filtered off, the clear solution being
then evaporated.

When quite pure the acid forms colourless crystals, which
melt at 38.6°. It can be heated to 160° without undergoing
any change, but above that temperature it loses water, yielding
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pyrophosphoric acid as a first product, and is finally converted
at a red heat into metaphosphoric acid,—

H,PO, =H,0 + HPO,.

The Orthophosphates.—Three series of salts containing
a single metal can be prepared from orthophosphoric acid,
which is therefore a tribasie acid. The sodium salts may
be taken as a typical example of the salts of this acid.

When sodium carbonate is added to orthophosphoric acid
until effervescence no longer occurs, and the solution is
evaporated, the salt which crystallises out is not the normal
salt Na,PO,, but the disodium salt Na,HPO,. It has a
slightly alkaline reaction towards litmus in spite of the fact
that, according to its composition, it must be classed as an
acid salt (see p. 152). The monosodium salt NaH,PO, con-
tains only half as much sodium as this, whilst the normal or
trisodium salt contains one and a half times as much.

EXPERIMENT 32.—1I. To 50 cc. of the solution of phosphoric
acid prepared in Experiment 31, add dilute caustic
soda solution from a burette until the solution is faintly
alkaline to litmus paper and note the number of cc.
added. Evaporate the solution and affow to crystallise.

2. To a second 50 cc. add half the above quantity of caustic
soda, evaporate to a small bulk and allow to crystal-
lise.

3. To the remaining 50 cc. add one and a half times
the first quantity of caustic soda and proceed as
before, :

The concentrated solutions must be allowed to stand
for some time and occasionally well stirred with a glass
rod to promote crystallisation.

In all three cases, drain the crystals which are finally
obtained and dry them between folds of filter paper.

Disodium Hydrogen Phosphate, Na,HPO, + 12H,O,
1s usually known as Grclmary sodium [JhDSPh‘ltE, d.l'ld forms
efflorescent crystals, When it is heated it first loses the water
of crystallisation and then at a higher temperature loses a
further quantity of water and is converted into sodium pyro-
phosphate (p. 86).

Normal Sodium Phosphate, Na,PO, + 12H,0O, forms
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a strongly alkaline solution, and is decomposed by carbonic

acid, the ordinary phosphate being formed along with sodium
bicarbonate,—

Na,PO, + CO, + H,0 = Na,HPO, + NaHCO,,

The reaction, however, does not come to an end at this
point. The carbonic acid also acts upon the disodium hydrogen
phosphate, forming sodium dihydrogen phosphate and sodium
bicarbonate. = The change in this case, however, is not
complete, and affords another instance of a reversible reaction

(p- 30),—
Na,HPO, + H,CO, = NaH,PO, + NaHCO,.

When sodium bicarbonate and sodium dihydrogen phosphate
in equivalent quantities are dissolved in a small quantity of
water, some carbon dioxide is evolved, the reaction proceeding
in this way until the condition of equilibrium is reached

Sodium Dihydrogen Phosphate, NaH,PO, + H,O,
yields a solution which has an acid reaction. When the
salt 15 heated it loses water and forms sodium metaphosphate
(p. 85).

All these three salt:-, give a yellow precipitate of normal silver
phosphate with silver nitrate. In the case of the normal salt,
the alkaline solution becomes neutral,—

Na,PO, 4 3AgNO, = Ag,PO, + 3NaNO,,

whilst the solutions of the other two become acid, owing to
the liberation of nitric acid,—

Na,HPO, + 3AgNO, = Ag,PO, + 2NaNO, + HNO,,
NaH,PO, + 34gNO, = Ag,PO, + NaNO, + zHNO,,

These two reactions, again, are not complete, but are
reversible, a certain amount of the phosphate remaining in
solution. In order, therefore, to obtain complete precipitation,
sufficient alkali must be added to neutralise the acid liberated
according to the equations given above. The reactions for
complete precipitation would thus be,—

Na,HPO, + 3AgNO, + NaOH = Ag,PO, + 3NaNO; + H,O,
NaH o PO +3L‘urN03+ 2NaOH = AgdPD +3NaNO, + 2H,0.
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EXPERIMENT 33.-—Make a solution of a small quantity of
each of the three salts prepared in Experiment 32, test
their reaction to litmus paper, and then to each solution
add excess of silver nitrate solution. Again test the solu-
tions with litmus paper and ascertain that their reactions
are in accordance with the statement made above,

All orthophosphates may be detected by the two follow-
:ag reactions in addition to those which have been already
mentioned. '

EXPERIMENT 34.— 1. To a solution of sodium phosphate add

ammonia, ammonium chloride and magnesium chloride,
—a white precipitate of magnesium ammonium phosphate
1s produced, which rapidly becomes crystalline.

2. To a solution of sodium phosphate add half its volume
of nitric acid and then a solution of ammonium molyb-
date, and warm,—a thick yellow precipitate of com-
plex composition is produced.

Metaphosphoric Acid, HPO,, is formed, as already
described, when phosphoric anhydride is dissolved in cold
water, and also when orthophosphoric acid is heated. The
material sold as glacial phosphoric acid is solid metaphosphoric
acid. It slowly changes into the ortho-acid when its solution
is allowed to stand, rapidly when it is boiled.

Sodium Metaphosphate, NaPO,, can be obtained by
neutralising the acid with sodium carbonate or by heating
sodium dihydrogen phosphate,—

NaH,PO, = NaPO, + H,0.

It can also be prepared conveniently by heating microcosmic
salt (sodium ammonium hydrogen phosphate),—

NaHNH, PO, = NaPO, + NH, + H,0.

The glassy mass thus obtained dissolves in water, forming

a solution which gives a white gelatinous precipitate of silver
metaphosphate, AgPO,, with silver nitrate, and produces a
white precipitate in a solution of albumin. When the solid
salt 15 heated with sodium carbonate, and when the solution is
boiled with nitric acid, a salt of orthophosphoric acid is formed.
EXPERIMENT 35.—Heata little microcosmicsalt in a crucible
until a glassy mass is left. Dissolve in hot water and—
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Add silver nitrate,—white gelatinous precipitate.
Add asolution of albumin (white of egg),—white precipitate.
Boil for a few minutes with a few drops of strong nitric
acid, neutralise with sodium carbonate, and add silver
nitrate,—a yellow precipitate of silver orthophosphate is
formed, whilst albumin forms no precipitate.
Pyrophosphoric Acid, I-I4P2Ci?, is formed when ortho-
phosphoric acid is heated at 215",—

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

LS R T

It is a glassy mass and passes into the ortho-acid when its
solution is boiled.

Sodium Pyrophosphate, Na ,P,0., is obtained by heat-
ing ordinary sodium phosphate,—

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

The pyrophosphates give a white curdy precipitate with
silver nitrate, but do not give a precipitate with albumin.
When boiled with nitric acid or fused with sodium carbonate
they are converted into orthophosphates.

EXPERIMENT 36.—Heat some ordinary phosphate of sodium
in a crucible over a Bunsen flame. Dissolve the white
mass thus obtained in water. :

Add silver nitrate,—white curdy precipitate.

. Add a solution of albumin,—no precipitate.

Boil the solution with a little strong nitric acid, neutra-
lise with sodium carbonate and add silver nitrate,—a
yellow precipitate of silver orthophosphate 1s formed.

b =

=

Phosphorus Trioxide and Phosphoroug Acid.

Phosphorus Trioxide or Phosphorous Anhydride.—
This oxide has the empirical formula P,0, and is formed
when phosphorus is burned in a slow current of air ; the oxide
volatilises and is condensed by means of a freezing mixture.
It is a wax-like mass which melts at 22° and boils at 173.1°
I[ts vapour density is 110, thus showing that its molecular
weight is about 220, and its molecular formula P,O,. When
heated in the air it burns brilliantly, forming the higher oxide,
P,0,, and oxidises slowly even at the ordinary temperature.
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Cold water converts it slowly into phosphorous acid, whilst a
complicated decomposition occurs with hot water, phosphine,
PH,, being evolved.

Phosphorous Acid, H,PO,, is formed when phosphorus
trichloride is treated with water,—

PCl, + 3H,0 = H,PO, + 3HC],

and is best prepared by passing chlorine into melted phos-
phorus under water. The acid is left on evaporation as a
crystalline mass which deliquesces in the air. It slowly com-
bines with the oxygen of the air and forms phosphoric acid.
It also readily takes up oxygen from many other compounds,
and therefore acts as a strong reducing agent. Thus, when it
is added to a solution of mercuric chloride a white precipitate
of calomel is produced, which is further reduced to the metal
if an excess of the phosphorous acid be present,—

H,PO, + 2HgCl, + H,0=H_,PO, + 2HgCl + 2HC(],
zHgCI+H PD +H 0= H PO +2Hg + 2HCL

Phosphorous acid is tribasic, but the normal salts are very
difficult to obtain, whereas the acid salts are more stable.

Phosphine and Hypophosphorous Acid

Phosphine or Phosphuretted Hydrogen, PH,—
When ordinary phosphorus is warmed with an alkali a vigorous
action takes place and a colourless gas is evolved which has
the remarkable property of taking fire when it comes in con-
tact with air or oxygen,

Preparation of Phosphine..—A few small pieces of
yellow phosphorus are warmed with a strong solution of
caustic soda (30-40 per cent) in a small flask, through which
a current of hydrogen or coal gas is first passed to remove the
air (Fig. 13). Each bubble of the gas takes fire as it comes
to the surface of the water in the pneumatic trough, and gives
rise to a very perfect vortex ring of finely divided phosphoric
anhydride.

The gas which is evolved is phosphine, PH,, but contains
a small amount of another compound of phosphorus and
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hydrogen, P,H,, and itis this second compound which is
spontaneously inflammable in the air, whereas pure phosphine
has not this property, although it readily burns when a flame
is applied. If the gas prepared by the method just described
be passed through a tube cooled by a freezing mixture, the
second compound condenses to a liquid and the resulting gas
is no longer spontaneously inflammable.

The reaction by which phosphine is produced is a some-

i
It

FiG. 13.

what complicated one, hypophosphorous acid being also
formed,—

Phosphine has a very powerful unpleasant odour of rotten
fish and is very poisonous. When electric sparks are passed
through the gas it decomposes into phosphorus, which is
deposited in the solid state, and hydrogen, 2 volumes of phos-
phine yielding 3 volumes of hydrogen. This is precisely
similar to the decomposition of ammonia (R. and L., p. 166),
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except that in the latter case the nitrogen is liberated in the
state of gas.

The density of pure phosphine is about 17, and hence its
molecular weight i1s 34, and 34 grams. of it occupy 22.4 litres,
This volume, as we have just seen, yjelds 33.6 litres or 3 grams.
of hydrogen. The composition of the gas is, therefore—

B
2 e
34

and its molecular formula PH,  Phosphine, moreover, re-
sembles ammonia chemically in one very important respect.
It unites with hydriodic acid to form a compound, PH,I,
which is called phospionium iodide, and corresponds exactly
in composition with ammonium iodide, NH I. This compound
is best prepared by acting on iodide of phosphorus with a small
quantity of water, and is at once decomposed by warm water,
forming hydriodic acid and phosphine ; the latter is free from
P,H,, and is therefore not spontaneously inflammable.

Hypophosphorous Acid, H,PO,.—The solution pro-
duced by the action of alkalis GI'I plmsp]mrus contains a
hypophosphite. The free acid is prepared from the barium
salt by adding sulphuric acid and evaporating. It is very
readily oxidised to phosphoric acid, and is, like phosphorous
acid, a strong reducing agent. Its action on mercuric chloride
exactly resembles that of phosphorous acid,

2HgCl, + H,PO, + 2H,0 = H,PO, + 4HCI + 2Hg.

Phosphides of the Metals

Many of the metals combine with phosphorus to form
dark coloured compounds known as phosphides, and these
can also be obtained in some cases by the action of phosphorus
on the oxide of the metal, or of the metal on a phosphate.
Thus when phosphorus is added to lime heated to redness in
a crucible calcium phosphide is formed.

This compound, like many of the phosphides, is decomposed
by dilute acids or water, spontaneously inflammable phosphine
being evolved. Again, when any phosphate is heated with



90 ELEMENTS OF NITROGEN GROUP LESSON XI

e

metallic magnesium, a portion of the latter combines with
the oxygen of the phosphate, forming magnesia, whilst the
phosphorus unites with the excess of metal, forming magnesium
phosphide, This is decomposed by moist air, and hence
phosphine is evolved when the fused mass is powdered and
breathed upon. The gas can easily be recognised by its
smell, and hence this reaction affords a very delicate test for
the presence of phosphates in solid substances.

EXPERIMENT 37.—DMake a small tube from narrow thin-
walled glass tubing, place in it a mixture of magnesium
powder with a little calcium phosphate and heat strongly.
Break the tube in a mortar and breathe on the powdered
mass. A smell of phosphine is at once perceived.

Compounds of Phosphorus with the Halogens

Phosphorus forms two series of compounds with the
elements of the chlorine group, uniting with either 3 or j5
atoms of these elements. All the compounds containing 5
atoms of halogen decompose when heated, with the single
exception of the pentafluoride,

Pliosphorus Trichloride, PCl,.—When ordinary phos-
phorus is brought into chlorine it takes fire spontaneously and
burns, forming the trichloride. This compound is best pre-
pared by placing red phosphorus in a retort, heating, and
passing dry chlorine over it. It is a colourless liquid which
boils at 76°, and therefore distils over and may be collected in
a cooled receiver. It is at once decomposed by water, hydro-
chloric acid and phosphorous acid being produced,—

PCl, + 3H,0 = H,PO, + 3HCL

When exposed to the air it is decomposed by the atmo-
spheric moisture and forms white fumes.

[ts vapour density is 68.75, and hence its molecular weight
1s 137.5, agreeing with the molecular formula PCl,.

Phosphorus Pentachloride, PCI,, 15 fmmed when
chlorine is passed over the surface of the trichloride, which
must be well cooled, as a considerable amount of heat is
evolved. The gas is rapidly absorbed and the whole solidifies
to a crystalline mass. Like the trichloride it 1s at once
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decomposed by water, but in this case phosphoric acid is
produced, in addition to hydrochloric acid,—

PCl, + 4H,0 =H, PO, + sHCIL.

When the crystals are heated they volatilise without
melting, forming a colourless vapour, This vapour does not
consist of unaltered molecules of phosphorus pentachloride
but to a large extent of phosphorus trichloride and free
chlorine, but on cooling these recombine, forming crystals of
the pentachloride. This is an instance of a. phenomenon
known as dissociation, which is more fully described under
ammonium chloride (p. 208).

Phosphorus Oxychloride, POCI,.—When only a small
quantity of water is added to the pentachloride the decom-
position 1s not complete, but phosphorus oxychloride, POCI,,
is produced,—

PCl, + H,0 = POCI, + 2HCL

This substance can be prepared by the action of the
pentachloride on oxalic acid or by that of the trichloride on
potassium chlorate. It is a colourless fuming liquid, which
boils at 107°, and is decomposed by water, forming phosphoric
and hydrochloric acids,—

POCl; + 3H,0 =H,PO, + 3HCL

Phosphorus Pentafluoride, PF,, is prepared by the
action of phosphorus pentachloride on arsenic tri-fluoride, AsF,.
It is a colourless gas, and has the vapour density 63, corre-
sponding with the molecular formula PF,,

The Atomic Weight of Phosphorus,—The equivalent
of phosphorus has been determined by converting pure red
phosphorus into the pentoxide by combustion, and it has thus
been found that 8§ parts of oxygen (one equivalent) unite with
6.2 parts of phosphorus.

Many volatile substances containing phosphorus are known,
several of which have been described, and it is found from
their molecular composition that the smallest amount of
phosphorus ever present in a molecule is about 31 parts.
Since 6.2 x 5= 31 is that multiple of the equivalent which
is nearest to 31, it is taken as the exact atomic weight,



gz ELEMENTS OF NITROGEN GROUP LESSON X1

SUMMARY

A comparison of the properties of phosphorus with those of nitrogen
shows that—

1. Phosphorus is a solid at the ordinary temperature, and like nitrogen,
non-metallic in character.

The oxides and chlorides of phosphorus are much more stable than
the corresponding compounds of nitrogen. Thus phosphoric anhydride
is mueh more stable than nitrogen pentoxide, phosphorus trichloride than -
chloride of nitrogen, ete.

3. Phosphine is much less stable than ammonia and dﬂﬁ:s not so readily
unite with acids.

4. Metaphosphoric acid, HPQ,, is a much weaker acid than nitric
acid, HNO;, with which it corresponds in composition.

ExErciseEs on LeEsson XI

1. What are the chief sources of phosphorus, and how is the element
prepared on the large scale ?

2. Compare the physical and chemical properties of red and yellow
phosphorus.

3. How would you prepare sodium metaphosphate and sodium pyro-
phosphate from ordinary sodium phosphate ?

4. Describe the preparation of phosphorus trichloride from phosphorus.
How can this substance be converted into (@) phosphorous acid, (&)
phosphoric acid ?

5. 1I1.454 grams. of phosphorus trichloride were found to be exactly
sufficient to precipitate 26.978 grams. of silver in the form of silver
chloride. Calculate the equivalent of phosphorus from these numbers.
What considerations would guide you in deciding the atomic weight of
the element ?

6. Describe the general course of the chemical change which ocecurs
when a match is struck.

7. Calculate the molecular weight of phosphorous oxide from the
following numbers : 137.5 cc. of the vapour measured at 132° C., and
at the pressure of r56 mm. of mercury weigh o.1887 gram.

8. Give three methods by which the presence of phosphorus in bone
may be detected.

g. Compare the properties of hydrazine with those of ammonia.

10. Contrast the properties of the compounds formed by nitrogen and
phosphorus with chlorine.
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THE ELEMENTS OF THE NITROGEN GROUP (Cont.)

Arsenic, As, 7T4.96

ARSENIC resembles phosphorus very closely in all its chemical
properties, but is decidedly more closely allied to the metals.
This is particularlv to be noticed in the appearance and
properties of the element itself, and in the properties of the
oxides, which produce weaker acids than do those of phosphorus,
and moreover act to some extent as basic oxides. We shall
find that all these characteristics are intensified in the two
remaining elements of this group, antimony and bismuth.

Arsenic occurs free in many localities in central Europe in
kidney-shaped masses, and is found very widely combined with
iron as arsenical iron, FeAs,, or with iron and sulphur in the
form of arsenical iron pyrites or mispickel, Fe, AsS,, as well as
in the form of sulphide, as realgar, As,S5,, and orpiment, As,S..

Preparation of Arsenic.—Commercial arsenic is pre-
pared from mispickel by simply heating it in an earthenware
tube, into the mouth of which a roll of sheet-iron is put, to act
as a condenser. The arsenic sublimes into this sheet-iron and
is removed at the close of the operation, iron sulphide being
left behind in the earthenware tube,—

Fe,AsS,=2FeS + As.

In order to obtain arsenic from its other compounds, it is
necessary first of all to roast these in a current of air by which
the arsenic is converted into the volatile arsenious oxide or
white arsenic, As O, which is condensed in long flues,—

4FeAs, + g0, =2Fe, 0, + 2A5,0,.
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This product is then mixed with coal and heated in a
crucible covered with an iron cap into which the arsenic

sublimes,—
As O, + 6C = 4As + 6CO.

Precisely this method is used for the detection of arsenic in
solid substances. The solid 15 mixed with a little sodium
carbonate and potassium cyanide to act as a reducing agent,
and is then carefully heated in a bulb tube. Arsenic is set
free and sublimes into the cold stem of the bulb tube,

EXPERIMENT 38.—1. Draw out a piece of ‘wide glass
tubing, about 40 cm. long, so as to form a constriction
near one end. Just above the narrow part place a little
sulphide of arsenic, and support the tube by a clamp at
an angle of about 30° to the bench. Heat the
sulphide by the flame of a Bunsen burner. A current of
air 1s produced, the arsenic sulphide is oxidised and a
white deposit of arsenious oxide is formed on the cool
part of the tube.

2. Blow a small bulb on the end of a piece of quill tubing.
Half fill the bulb with a mixture of arsenious oxide
and “fusion mixture,” which is a mixture of potassium
cyanide and carbonate. Fill the rest of the bulb with
pure fusion mixture and heat gently in the flame. A
black mirror of arsenic is produced on the cool part of
the tube.

Properties of Arsenic.—Arsenic has a specific gravity
of 5.7, and when pure has a bright metallic lustre, and is so
brittle that it can easily be powdered in a mortar. When it is
heated in absence of oxygen it sublimes without melting, form-
ing a black shining mirror, but when heated in a current of air
it is oxidised, and burns with an almost colourless flame, forming
arsenious oxide, which sublimes in brilliant octahedral crystals,
a peculiar smell like that of garlic being produced. Arsenic
burns brightly in oxygen, forming arsenious oxide, As,O,, and
also takes fire when brought into chlorine, producing the
trichloride AsCl,. It does not dissolve in dilute hydrochloric
acid or sulphuric acid, but is oxidised by strong sulphuric acid,
sulphur dioxide being evolved,—

2As + 3H,50, = 2H AsO, + 350,.
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Nitric acid at once converts it into arsenic acid, brown
nitrous fumes being evolved. Arsenic also readily combines
with many of the metals forming arsenides, and in this respect
resembles phosphorus and many other non-metals, such as
sulphur, iodine, etc. Thus when heated with zinc it forms a
mass of zinc arsenide, which is decomposed by acids yielding
arseniuretted hydrogen (p. 100), just as zinc sulphide reacts
with acids to form sulphuretted hydrogen.

EXPERIMENT 39.—1. Heat a few centigrams. of powdered

metallic arsenic in a current of air in a wide glass tube
(see Expt. 38, 1, p. 94). The arsenic burns with an
almost colourless flame, and a white deposit of arsenious
oxide is produced.

2. Heat small portions of powdered arsenic in separate
test-tubes, with—

(@) Strong nitric acid,—violent action,

(4) Dilute hydrochloric acid,—no action.

(¢) Concentrated sulphuric acid, — sulphur dioxide is

evolved.

Arsenic also exists in a yellow crystalline allotropic modifi-
cation, which is formed when ordinary arsenic is sublimed in
a current of carbon dioxide. It is soluble in carbon bisulphide
and readily changes back to the ordinary form.

Arsenic 1s precipitated by metallic copper from acid solu-
tions, and this reaction is used for the detection of arsenic,
under the name of Reinsch's test.

EXPERIMENT 40.—Dissolve a few milligrams. of arsenious
oxide in dilute hydrochloric acid ; add a few fragments of
bright copper and warm gently. A dull gray deposit of
arsenic is at once produced. If the copper be removed
irom the solution, dried, and heated in an open test-
tube, a crystalline deposit of arsenious oxide is produced
on the walls of the tube.

Molecular Weight of Arsenic.— The vapour density of
arsenic at a temperature of about 860° (bright red-heat) is 150,
so that under these conditions its molecular weight is about
300. As we shall see later on, the atomic weight is 74.96,
and the formula of the element under these conditions is
therefore As, corresponding exactly with that of phosphorus
vapour. At still higher temperatures (1700°), however, the
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molecule undergoes dissociation (p. 209), and the vapour
density becomes nearly half of its former value, so that at high
temperatures the molecule only contains two atoms and has
the formula As,.

Arsenious Oxide, As,O,, and Arsenious Acid, H;AsO,,

- When arsenic is heated in air or oxygen, the oxide which
is produced has the empirical formula As,0,, and does not
directly combine with any further quantity of oxygen. This
constitutes an important difference between this element and
phosphorus, which, it will be remembered, burns to form the
pentoxide.

Arsenious Oxide or White Arsenic is prepared, as
already described (p. g4), by heating arsenical ores in a
current of air and is then purified by sublimation. It is thus
obtained either as a white crystalline powder or as a trans-
parent, glassy mass known as vitreous arsenic, which, however,
becomes opaque and crystalline when preserved. When
gently heated, the oxide sublimes in bright octahedral crystals,
without previously melting.

Arsenious oxide dissolves in water forming arsenious acid,
H,AsO, and is therefore an acid-forming oxide. On the
other hand it is converted by hydrochloric acid into arseni-
ous chloride, AsCl,, a fuming liquid which 1s partially decom-
posed by water. Hence the oxide also acts as a weak basic
oxide.

Arsenious oxide acts as a violent poison when administered
in large doses (p. 105), but in smaller quantities is a valuable
medicine and is much used in skin diseases and nervous
complaints. * Fowler’s solution” (Liquor arsenicalis) is a solu-
tion of the oxide and an equal weight of potassium carbonate,
containing 4 grains of the oxide per fluid ounce (8.3 grams.
per litre).

Formula of Arsenious Oxide.—The oxide contains
75.8 per cent of arsenic and 24.2 per cent of oxygen, so that
its empirical formula is As,O,. Its vapour, however, has the
density 198, so that its molecular weight is 396, and its
molecular formula, therefore, As O,
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Arsenious Acid, H,As0O,—Although the solution of
arsenious oxide in water has amd properties, the free acid has
never been obtained in the pure state, but many of its salts can
readily be prepared, and these show that the acid is tribasic.
The sodium salt is formed when the oxide is dissolved in sodium
carbonate or caustic soda. A neutral solution of this salt
gives, with silver nitrate, a canary-yellow precipitate of silver
arsenite, which is easily soluble in acids or ammonia,—

Na,AsO, + 3AgNO, = Ag,;AsO, + 3NaNO,,.

When copper sulphate is added to a solution of the salt,
Na, HﬂSO.{, a green precipitate of copper hydrogen arsenite,
CuHAsO is formed, which was formerly used as a paint, under
the name of Scheele’s green,—

Na,HAsO, + CuSO, = CuHAsO, + Na,SO,.

EXPERIMENT 41.—Dissolve 1 gram. arsenious oxide in hot
sodium carbonate solution. Make the liquid exactly
neutral by the cautious addition of nitric acid, and try
the following tests :—

1. Silver nitrate solution produces a canary-yellow pre-

cipitate, readily soluble in ammonia and acids.

Copper sulphate produces a light green precipitate.

3. Magnesia mixture produces no precipitate. (As the
arsenites are readily converted by oxidising agents
into arsenates, a slight white precipitate is sometimes
obtained.)

4. Acidify with hydrochloric acid, warm and pass in
sulphuretted hydrogen, an immediate yellow precipitate
of arsenic trisulphide 1s produced.

Nearly all the tribasic acids derived from phosphorus,
arsenic and antimony, as well as many other polybasic acids,
such as silicic acid, H,Si0,, etc,, show the same peculiarity as
phosphoric acid; that is, they yield several series of salts
which are related to one another in the same way as the
meta-, ortho-, and pyro-phosphates, and are derived from acids
of corresponding composition, although in many cases these
have not been obtained in the free state. Hence the names of

H

ba
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these salts are distinguished by the same prefixes as are used
for the different phosphates, as shown in the following table :—

ok ARCERIEEIN e, |

AcCIDs. SavTs,

e — - | r———

Ortho- ! Meta- ' Pyro- | Ortho-

— —

Phosphate H;POy r HPO5 , HyPaOy | NagPOy

Arsenate . | HzAsny | HAsO;3 H jAs407 | N3AsO

Arsenite . | H3AsOy | HAsOa | HiAs0; Na,g.—’ls(fl;;
Silicate . HJSiD.; HgSiU‘;; | s quSiG.;

— e e — e
- —_ e e e

Meta- Pyro-

il | eiided

NaPO; | NayPs
NaAsOg | NagAse
NaAsOs | NagAseOy
| I‘faESI*Dg .

Arsenic Pentoxide, As,O., and Arsenic
Acid, H,AsO,

When arsenious oxide is warmed with nitric acid, oxides of
nitrogen are evolved and arsenic acid is formed,—

As:._,GHJr zl-iI*ID.".;Jr 2H20=2H3ﬁ504+ NO +NDE.

When the acid solution is evaporated it leaves a residue of
arsenic acid, which decomposes at a higher temperature into
water and arsenic pentoxide,—

2H,AsO, = As,0, + 3H,0.

The oxide is deliquescent and easily soluble in water,
forming ortho-arsenic acid (compare the behaviour of phos-
phorus pentoxide, p. 8o).

EXPERIMENT 42.—Place 3 grams. arsenious oxide in an
evaporating basin, add 10 cc. of concentrated nitric
acid and heat on the water bath until no more brown
fumes are evolved. Evaporate down as far as possible to
remove the excess of nitric acid, neutralise the arsenic
acid which remains with caustic soda and evaporate the
solution until crystals begin to separate out. Allow to
cool, filter and drain the crystals of sodium arsenate.
Use these for the reactions of arsenic acid (p. 9g).

Arsenic acid i1s a white crystalline solid, which loses water
when heated; free pyro-arsenic acid, H As,O,, and meta:
arsenic acid, HAsO,, are not known.
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The arsenates correspond in their properties and composition
with the phosphates and also crystallise in the same forms as
these, so that the two series of salts are isomorphous (p. 143).

Sodium Arsenate, Na,AsO,, 1s prepared by dissolving
arsenious oxide in caustic soda solution, adding sodium nitrate,
evaporating to dryness and fusing the residue. It closely
resembles the corresponding phosphate in appearance, and is
largely used in calico printing.

Owing to the great similarity of the arsenates and phos-
phates the reactions given by these two acids in many respects
agree closely. Thus both give a yellow precipitate when heated
with an acid solution of ammonium molybdate, and a white
crystalline precipitate with magnesia mixture. Silver nitrate,
however, gives a brick red precipitate with neutral solutions
of an arsenate, Moreover, it is possible to distinguish arsenic
acid from phosphoric acid by acidifying the hot solution and
then passing in sulphuretted hydrogen, which slowly produces
a yellow precipitate of arsenic sulphide.

EXPERIMENT 43.— Try the following tests with a neutral

solution of sodium arsenate.

1. Add nitric acid and ammonium molybdate and warm
gently. A yellow precipitate i1s produced.

2. Add magnesia mixture. A white precipitate of mag-
nesium ammonium arsenate 1s formed. Examine the
crystals under the microscope, compare them with those
of magnesium ammonium phosphate, and ascertain that
both salts crystallise in precisely the same form,

3. Add silver nitrate. A brick red precipitate of silver
arsenate is produced, which readily dissolves in nitric
acid,

4. Add hydrochloric acid, warm and pass in sulphuretted
hydrogen. A yellow precipitate is gradually pro-
duced.

Arsenic acid is easily converted into arsenious acid by

mild reducing agents such as sulphur dioxide,—

H,AsO, + H,O + 50, = H,AsO, + H,50,.

EXPERIMENT 44.—Boil a solution of sodium arsenate with
sulphurous acid, or with a crystal of sodium sulphite and
some dilute sulphuric acid. Continue boiling until the
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vapour no longer smells of sulphur dioxide, and then
pass in sulphuretted hydrogen. A yellow precipitate of
the trisulphide is at once produced.

On the other hand, arsenious acid is readily converted by
oxidising agents into arsenic acid. This change is brought
about very easily by free chlorine, bromine and iodine in the
presence of water, and hence a standard solution (p. 157) of
an arsenite is used in volumetric analysis for the estimation of
these elements,—

H,AsO, + Cl, + H,0 = HAsO, + 2HCL,

EXPERIMENT 45.—To a solution of sodium arsenite add a
solution of iodine in potassium iodide drop by drop.
The colour of the iodine disappears until the whole of
the arsemite has been converted into arsenate, Test
the resulting solution for an arsenate by ammonium
molybdate or magnesia mixture,

Arsine or Arseniuretted Hydrogen, AsH,

Arsenic forms a volatile compound with hydrogen which
corresponds in composition and formula with ammonia and
phosphine. _

It is prepared in the pure state by acting on zinc arsenide
with dilute sulphuric acid, just as sulphuretted hydrogen is
prepared by acting in the same way on zinc sulphide,—

AsyZn, + 3H,50, = 2AsH, + 3Zn50,,

The pure gas is extremely poisonous, a single bubble
having been known to produce death.

A mixture of a small amount of this gas with a large
amount of hydrogen is formed when any solution containing
arsenic is added to zinc and dilute sulphuric acid. Thus, if
arsenious acid be added, the reaction 1s as follows,—

H,AsO, + 6H = AsH, + 3H,0.

The reaction is a very delicate one, and is employed in
testing for arsenic, under the name of Marsi's test.

The gas decomposes into its elements when it 1s heated to
230", arsenic being deposited and hydrogen liberated,—

2AsH,=2As + 3H,.
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It burns in the air with a bluish white flame forming arsenious
oxide and water,—

2AsH, + 30,=As,0, + 3H,0.

If, however, the flame be cooled by being directed against
a piece of porcelain, free arsenic is deposited as a metallic

—_

Fig. 14,

stain on the porcelain. When the gas is passed into dilute
silver nitrate solution it is oxidised to arsenious acid, which
remains in solution, whilst metallic silver is deposited,—

AsH, + 6AgNO, + 3H,0 = H,AsO, + 6Ag + 6HNO,.

All these properties are made use of for the identification of
the gas produced in Marsh’s test.

EXPERIMENT 46.—Set up an apparatus for the generation
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of hydrogen like that shown in Fig. 14. A small
wide tube containing a little cotton wool to retain acid
spray is fitted by a cork on to the conducting tube, and
to this is fastened a tube of hard glass drawn out in
several places, and also drawn out at the end so as to form
a jet. In the flask place some granulated zinc and add
dilute sulphuric acid. After a short time test the gas
which is evolved by collecting some in a test-tube held
over the jet, removing the test-tube mouth downwards,
and bringing it to a flame. When the gas in the test-
tube burns quietly, the air has all been displaced from
the apparatus and a light may now be applied to the
gas issuing from the jet. J/n no case must a light be
applied to the jet until the absence of air from the
apparatus has been proved in lhe manner described,
as otherwise a dangerous explosion may occur. If
the zinc and sulphuric acid are free from arsenic, a
common impurity in both of these materials, the flame
of burning hydrogen will give no stain on porcelain.
Add now a few drops of a solution of arsenious acid or
of sodium arsenite through the tube-funnel. The flame
almost immediately becomes bluish-white and deposits
a metallic stain on a piece of porcelain held in it. This
stain of arsenic dissolves at once in sodium hypochlorite
solution, sodium arsenate being formed. Next heat the
tube just behind one of the narrow portions and notice
that a metallic mirror of arsenic is deposited in the tube
at a little distance from the flame. Disconnect the tube,
and substitute another bent once at right angles, and by
means of this pass the gas into some silver nitrate solu-
tion contained in a test-tube. A black precipitate of
metallic silver is formed, whilst the solution becomes
acid. When the clear solution is carefully neutralised
with ammonia, and (if necessary) silver nitrate added—
a yellow precipitate of silver arsenite 1s formed.
When arsine is decomposed by heat, the hydrogen produced
occupies 1} times the volume of the original gas, and this shows
its similarity in composition to ammonia and phosphine,—

2AsH,=2As + 3H,,.
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Arsine does not combine with acids and hence no arsenic
compounds are known which correspond in composition with
the ammonium and phosphonium compounds (p. 89).

Arsenic and the Halogens

Arsenious Chloride or Arsenic Trichloride, AsCl 5
formed when arsenic burns in chlorine, and when arsenious
oxide is heated with sulphuric acid and common salt,—

As,0, + 6HCl=2AsCl, + 3H,0.

It is a very poisonous oily liquid which fumes in the air
and boils at 130°. When it is boiled with water it passes off
with the steam ; hence hydrochloric acid solutions of arsenious
acid cannot be evaporated without loss, but must first be con-
verted by some oxidising agent, such as potassium chlorate
and hydrochloric acid, chlorine, etc., into derivatives of arsenic
acid which are non-volatile.

No pentachloride of arsenic is known.

Arsenic Tri-iodide, Asl,, is formed when the two ele-

ments are brought together and is a red solid, which is used
in medicine,

Sulphides of Arsenic

Arsenic forms several sulphides, two of which, realgar,
As,S,, and orpiment, As,S,, occur as minerals.

Arsenic Trisulphide, As,S, is formed as a yellow
precipitate, insoluble in acids when sulphuretted hydrogen is
passed through an acid solution of an arsenite,

The sulphide behaves in many respects like arsenious
oxide. Thus, just as the oxide dissolves in alkalis forming the
metarsenites, so the sulphide dissolves in the alkali sulphides

forming salts, which may be regarded as metarsenites in which
the oxygen has been replaced by sulphur,—

As, 0 +2NaHO =2NaAsO, + H,O,
.*’-‘15_135d i-zha,I—If:—*\TaAsS +II 5;:

These salts are known as the thiarsenites (from the Greek
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word Zieion, sulphur), and are at once decomposed by acids,
the sulphide being reprecipitated,—

2NaAsS, + 2HCl=2NaCl + H,S + As,5,.

The sulphide also dissolves in caustic soda, a mixture of
arsenite and thiarsenite being formed,—

2As,S, + 4NaOH = NaAsO, + 3NaAsS, + 2H,0.

It is also soluble in ammonium carbonate solution.

EXPERIMENT 47.—Acidify a solution of sodium arsenite
with hydrochloric acid, warm and pass in sulphuretted
hydrogen ; filter and wash the precipitate produced. Test
separate portions of the precipitate as follows :—

1. Heat with concentrated hydrochloric acid,—no action

oCcurs.

Warm gently with dilute ammonium sulphide, — the

arsenic sulphide dissolves but is reprecipitated when the

liquid 1s acidified.

3. Treat with dilute caustic soda solution,—the precipitate
again dissolves but is reprecipitated when an excess uf
acid 1s added.

4. Warm gently with ammonium carbonate solution,—the
precipitate dissolves,

These prﬂpcrtles of the sulphide are utilised in the separa-
tion of arsenic, together with antimony and tin, from those
metals whose sulphides are insoluble both in acids, and in
alkalis and alkali sulphides, viz. copper, lead, mercury, bismuth
and cadium,

Arsenic Pentasulphide, As,S..— When sulphuretted
hydrogen is passed into an acid snlutmn of an arsenate, the
pentasulphide is slowly precipitated (p. gg). It resembles the
trisulphide, and like it dissolves in alkalis and alkali sulphides.
For analytical purposes it 1s best to reduce the arsenate to
arsenite by means of sulphur dioxide, and then precipitate
with sulphuretted hydrogen as already described.

Atomic Weight of Arsenic.—The equivalent of arsenic
has been determined by the analysis of the chloride, from
which it appears that 24.987 parts of arsenic unite with 35.46
parts of chlorine. A comparison of the numerous volatile
compounds of arsenic shows that the atomic weight of the

tJ
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element is about 73, since this is the least amount of it which
is ever found in a molecule. The exact atomic weight is
therefore taken as 24.987 x 3= 74.96.

Detection of Arsenic.—All the arsenic compounds are
extremely poisonous, especially arsenious acid and its salts.
Less than o.2 gram. of arsenious oxide 1s a fatal dose, and this
substance has often been used for criminal purposes. Arsenic
poisoning is sometimes occasioned by the presence of arsenical
compounds in colouring matters used for wall-papers, articles
of clothing, food, beer, etc.

In testing such materials it is necessary to destroy the
greater part of the organic matter present by heating it with
potassium chlorate and hydrochloric acid, by which it is
oxidised. The liquid is then evaporated and is either examined
directly by Reinsch’s or Marsh’s test, or is first treated with
sulphuretted hydrogen and the precipitated sulphide tested for
arsenic 1 the usual way.

EXERCISES ON LEsson XTI

I. A specimen of arsenical iron contains 63.21 per cent of arsenic.
Calculate what weight of arsenious oxide can be obtained from one ton of
the ore.

2, Describe the preparation of arsenious oxide from mispickel. How
can arsenic acid and arsenic trichloride be prepared from this compound ?

3. Describe the preparation of sodium arsenate from sodium arsenite.
How can the arsenate be recorverted into arsenite ?

4. 4.858 grams. of arsenious oxide require exactly 2 grams. of potassium
chlorate to convert them into arsenic acid, the potassium chlorate being
reduced to potassium chloride. Calculate the equivalent of arsenic.

5. Compare the reactions of arsenic and phosphoric acids. How can
these two acids be detected in a solution containing both of them ?

6. What evidence is there for the statement that arsenious and arsenic
acids are tribasic ?

<. Describe a method of testing for a small quantity of arsenic in
beer.



LESSON XITI
THE ELEMENTS OF THE NITROGEN GROUP (Cont.)
Antimony, 8Sb, 120.2

THE symbol for antimony, Shbh, is derived from the name
stibium, which was formerly applied to antimony sulphide,
Sb,S,, the chief ore of the metal, which is now known as s#-
nite, and occurs very largely in Japan, Hungary, and Borneo.

In its chemical and physical properties antimony resembles
arsenic very closely indeed, forming similar compounds with
hydrogen, the halogens, oxygen, and sulphur. It has, however, a
somewhat more pronounced metallic character, this being espe-
cially marked in the nature of the salts derived from the trioxide.

Preparation of Antimony.—Antimony is usually pre-
pared by simply heating the sulphide with metallic iron which
unites with the sulphur, forming sulphide of iron, whilst the
antimony is liberated,—

Sb,S,; + 3Fe = 3FeS 4 25b.

Sometimes, however, it is prepared in a similar manner to
arsenic by roasting the antimony sulphide in a current of air
and then reducing the resulting oxide, Sb,0, with coal or
charcoal,—

Sb,0, + 6C = 4Sb + 6CO.

Antimony, unlike phosphorus and arsenic, is not volatile
below a red-heat, and cannot be prepared or purified by dis-
tillation.

EXPERIMENT 48.—1. Heat a little antimony sulphide in

a current of air, as described under arsenic (Expt. 38,
p. 94). Observe that the oxide is deposited as an
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amorphous mass and that it i1s much less volatile than
arsenious oxide, and is deposited nearer to the flame.

2. Mix some antimony oxide with sodium carbonate and
potassium cyanide, and heat in the reducing flame of
the blowpipe on charcoal. Brittle metallic beads of
antimony are produced. '

Properties of Antimony.—Antimony is a silver white
substance of metallic appearance, and has a coarsely crystal-
line structure. When the fused metal is allowed to cool slowly
in the form of a plate or slab, the surface is marked with
a peculiar star-like formation, due to the crystallisation of
the metal. It is very brittle, melts at 630.5° and volatilises
at a bright red-heat. Although it remains unaltered in the
air at the ordinary temperature, it rapidly becomes converted
into antimonious oxide, Sh,O,, when heated in the air. Metallic
antimony is insoluble in dilute hydrochloric and sulphuric acids,
but dissolves in boiling concentrated hydrochloric acid, whilst
nitric acid converts it into a white powder, which is a hydrated
form of the pentoxide, Sb,0.. The powdered metal takes fire
spontaneously in chlorine and burns, forming the chloride, SbCL.,.

EXPERIMENT 49.—Try the following experiments with
finely-powdered antimony.

1. Heat a little in a test-tube with dilute hydrochloric acid,
—no action occurs,

2. Heat another portion of the metal with concentrated
nitric acid,—a vigorous evolution of brown fumes takes
place and the antimony is converted into a white powder.

3. Scatter a little powdered antimony into a jar of chlorine.
The metal takes fire and burns, producing the chloride.

Antimony is precipitated from solutions of the chloride by
metallic zinc,—

25bCl, + 3Zn = 3ZnCl, + 25b.

If a piece of platinum bhe placed in the solution so as to
touch the piece of zinc, the whole of the antimony is pre-
cipitated on the platinum.

EXPERIMENT 50.—1. In a solution of antimony chloride
contained in an evaporating basin place a bright piece of
metallic zinc,—antimony 1s at once deposited as a dull
gray layer on the surface of the zinc.
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Place a piece of platinum foil in a solution of antimony
chloride and then a piece of zinc touching the platinum,-—
metallic antimony is at once deposited on the platinum,
The Atomic Weight of Antimony and the Formulse
of the Antimony Compounds. — The atomic weight of
antimony has been ascertained in a precisely similar manner
to that of arsenic. The analysis of the chloride and bromide
shows that the equivalent is 40.07. The atomic weight
derived from a study of the numerous volatile compounds of
the element 1s about 120. Hence the number 40.07 x 3=
120.2 is taken as the correct atomic weight. The formula of
the chloride is therefore SbCl,. Like arsenic, phosphorus and
nitrogen, it also forms compounds in which a single atom of
the element replaces five atoms of hydrogen. Such are the
pentoxide, Sb,0., the pentachloride, SbCl, etc.
Antimonious Oxide or Antimony Trioxide, 8b,0,.
—This oxide i1s formed when antimony trichloride is decom-
posed by sodium carbonate solution, and when antimony is
gently heated in the air. When the oxide is submitted to
a somewhat higher temperature it combines with a further
quantity of oxygen and forms a new oxide, Sb,0,, which i1s
also formed when the pentoxide is heated in the air, and acts
as a very weak acid-forming oxide, :
Antimonious oxide 1s a pale buff- coloured ecrystalline
powder which melts at a dark red-heat and volatilises at about
1500°, yielding a vapour the density of which corresponds
with the molecular formula Sb,0,, resembling in this respect
arsenious oxide, As O, J
Antimonious oxide itself also acts as a weak acid-form-
ing oxide, It does not dissolve in water, but is dissolved by
caustic soda, forming sodium metantimonite, NaShO,. Anti-
monious oxide also acts, however, as a basic oxide forming
salts with many acids,—

Sb,0, + 12HCl = 45bCl, + 6H,0.

Like arsenious oxide it is converted by oxidising agents,
such as iodine, chlorine, etc., into the higher oxide, antimony
pentoxide, f:-l:nq,D,, and antimonic acid, H,SbO,.

Antimony Pentoxide, Sb,0;, 1S formed as already
mentioned when the metal is treated with nitric acid and the

FRERER L S TR A S
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residue gently heated. It is a light yellow powder, and is
msoluble in water.

Antimonic Acid, H,8bO,, is a white powder obtained
by adding an acid to the potassium salt.

The Antimonates. — The potassium salt, potassium
metantimonate, KSbO,, is obtained by fusing antimony with
potassium nitrate. It dissolves in water and has the remark-
able property of giving a white precipitate with sodium salts,
sodium antimonate being the least soluble of the more common
salts of sodium,

EXPERIMENT 51.—Fuse 3 grams. potassium nitrate in a

small porcelain basin and to the fused mass add gradually
1 gram. powdered antimony. The metal takes fire and
glows, a solid mass of potassium antimonate being
formed. Extract with hot water, filter, and to a portion
of the filtrate add a solution of sodium chloride. A
heavy white precipitate i1s slowly produced, the formation
of which 1s assisted by stirring the liquid and scratching
the walls of the tube with a glass rod.

A solution of potassium antimonate may therefore be used
as a reagent for sodium salts, but can only be applied after
the removal of all other metals except potassium and
ammonium, since the antimonates of all these other metals
are also insoluble.

The Sulphides of Antimony

These compounds correspond in composition with the
oxides, and in their properties closely correspond with the
sulphides of arsenic.

Antimony Trisulphide, Sb,S,, which is the chief ore
of antimony, exists in two forms. When sulphuretted hydrogen
1s passed into an acid solution of the chloride or some other
salt, an orange-coloured amorphous form is precipitated. This
orange sulphide becomes crystalline and black when it is heated,
whilst the mineral stibnite is always found in this latter form.

Like the sulphide of arsenic it is insoluble in dilute hydro-
chloric acid, but dissolves in alkalis and their sulphides,
thio-salts, known as thio-antimonites, being formed, and these
are at once decomposed by acids,—
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5b,S; + 2NaHS = 2NaSbS§, + H,S,
25b,S, —|—4I'~IaHO 3NaSbs, -l-NabbD +2H,0,
Nabbf:‘_, +2HCl=2NaCl+H oS + bb"b

It is insoluble in ammonium carbonate solution, in which
arsenic sulphide dissolves, and the sulphides can thus be
separated.

It readily dissolves in hot concentrated hydrochloric acid,
producing sulphuretted hydrogen and antimony chloride, and
is often used for the preparation of pure sulphuretted hydrogen,
free from hydrogen, the latter being a constant impurity in
the gas prepared from ferrous sulphide, a substance which
always contains free iron,—

Sb,S; + 6HCl = 2SbCl, + 3H,S.

EXPERIMENT 52.—Pass sulphuretted hydrogen into an
acid solution of antimony chloride, Filter, wash, and
examine the behaviour of the precipitate to caustic
soda, ammonium sulphide, and ammonium carbonate.

Antimony Pentasulphide, Sb,S,, closely resembles the

trisulphide, and is precipitated when excess of sulphuretted
hydrogen water is added to a solution containing antimonic
acid. It dissolves in alkali sulphides forming thio-antimonates,
such as NH SbS,, ammonium thio-antimonate,—

zNHiHS + SbyS, = zNHiShSS + HES.

Antimony Trichloride, SbCl,, i1s formed, as already
mentioned, when the metal burns in chlorine. It may be
prepared by heating an excess of the metal in a current of
chlorine, The chloride distils over as a soft buttery colourless
mass, and was hence formerly known as butter of antimony.
It can also be obtained by dissolving the oxide or sulphide in
hydrochloric acid and distilling. The density of the vapour
is 113.3, and the molecular weight is therefore 226.6, and the
formula SbhCl,,

EXPERIMENT 53.—Dissolve 10 grams. antimonious oxide
in an evaporating basin in 30 cc. concentrated hydro-
chloric acid, and evaporate as far as possible on the
water bath. Place the residue in a small 2 oz retort
and distil in a draught chamber. As soon as the liquid
begins to boil quietly, place a small basin to receive the
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distillate, which solidifies on cooling to a crystalline mass
of the chloride.
Antimony chloride is at once decomposed by water with
formation of the exyelloride, which is insoluble in water,—

SbCl; + H,0 = SbOCl + 2HCL

EXPERIMENT &§4.—Dissolve 5 grams. of the chloride
obtained above in a few cc. of warm concentrated
hydrochloric acid and pour the solution into soo cc. of
cold water, Allow to settle, decant and collect the
precipitated oxychloride on a filter paper. Wash well
and dry in the air,

Basic Salts.—This oxychloride is an excellent example
of a basic salt. This name is given to salts which are derived
from a basic oxide or hydroxide by the replacement of only
a part of the oxygen or hydroxyl-groups.

Oxide. Hydroxide. Normal Salt. Basic Salt.
Zn0O Zn(OH ZnC] Z OH
n n(OH), nCl, in< Cl

: O
(Sb,0,),  Sh(OH), ShCl, Sb<Z oy

Such salts are often formed in a similar manner to antimony
oxychloride by the action of water on the normal salt. They
are also often produced when a solution of a normal salt is
treated with the corresponding hydroxide or oxide,—

ZnCl, + Zn(OH), = 2ZnCI(OH).

The oxychloride readily dissolves in strong hydrochloric
acid, antimony trichloride being reproduced,—

SbOCI + 2HCl = SbCl, + H,0.

It is also soluble in tartaric acid.
When it is boiled with water or dilute sodium carbonate
solution, it is converted into the oxide, Sb,04—

45bOCl + 2H,0 = 5b,0, + 4HCL
Antimony Pentachloride, SbCl,, is prepared in a similar

manner to phosphorus pentachloride by passing chlorine into
antimony trichloride, It is a yellow fuming liquid which
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decomposes when it is distilled at the ordinary atmospheric
pressure. [t can, however, be distilled without undergoing
decomposition if the pressure be lowered, since the liqumd then
boils at a temperature which 1s below that at which it begins
to decompose. This method of distilling unstable liquids at a
low pressure is frequently adopted for the purification of such
substances. Antimony pentachloride is decomposed by hot
water, antimonic acid being formed,—

SbCl; + 4H,0 = H;SbO, + s HCL

It will be remembered that phosphorus pentachloride under-
goes a precisely similar decomposition when treated with
water even in the cold (p. g1).

Stibine or Antimoniuretted Hydrogen, SbH,—This
gas is prepared in a similar manner to arsine, which it
resembles in most of its properties, The gas, however, when
prepared in the usual way is always mixed with a large
proportion of hydrogen, and is not nearly so poisonous as
arsine,

[t has been obtained quite pure by cooling the dry mixture
of the gas and hydrogen by means of liquid air. A white
solid mass of pure stibine is deposited which melts at — 88°
and boils at — 11° forming pure gaseous stibine, It slowly
decomposes into hydrogen and antimony and occasionally
explodes spontaneously (p. 293).

EXPERIMENT 55.—Fit up the apparatus for Marsh’s test
as described under arsenic (p. 10o1), but introduce a few
drops of antimony chloride solution instead of an arsenic
compound. Proceed in the same manner as with
arsenic and obtain a stain on porcelain as well as a
mirror in the heated glass tube. The mirror 1is
deposited much nearer to the flame than that of arsenic,
metallic antimony being much less readily volatile than
arsenic. When heated in a dry test-tube the mirror is
converted into a white film of oxide, which does not easily
volatilise. The stain on porcelain does not dissolve in
sodium hypochlorite solution.

Stibine decomposes at a lower temperature than arsine,

but burns in the air in the same manner,—

4SbH, + 60, = Sb,0, + 6H,0.

SR
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It also differs from arsine in its action on silver nitrate
solution, a black precipitate of silver antimonide being formed,
mixed with a small amount of metallic silver,—

SbH, + 3AgNO, = SbAg, + 3HNO,.

Alloys of Antimony.—The substances formed by the
union of antimony with other metals retain the metallic
appearance of their constituents, and in every way resemble
metallic alloys (p. 116), whereas the compounds of phos-
phorus and, to a less extent, those of arsenic with the metals
more closely resemble such compounds as the sulphides,
etc. The most important alloys of antimony are type metal,
Britannia metal and pewter. They will be more fully con-
sidered under lead and tin.

Medicinal Use of the Antimony Compounds.

The compounds of antimony act as powerful poisons in a
similar manner to those of arsenic, although not so violently.
They are employed in medicine as emetics, the chief com-
pound used for the purpose being tartar emetic.  This
substance is prepared by boiling cream of tartar (potassium
hydrogen tartrate) with antimonious oxide and water, and
forms efflorescent crystals.

ExXERcCISES oN LEssonN XIII

1. Contrast the physical and chemical properties of antimony with
those of arsenic,

2. What occurs when metallic antimony is treated with (2) nitric acid ;
(&) hydrochlorie acid ; (¢) chlorine ; () potassium nitrate ?

3. What is meant by a basic salt? Describe the preparation of
antimony oxychloride. What is the action of hydrochloric acid on this
substance ?

4. How can stibine be prepared, and how can it be distinguished
from arsine?

How can antimonious oxide be converted into antimonic oxide?
How can the latter be reconverted into the lower oxide ?

6. Why is the formula Sb,O; given to antimonious oxide ?

7. 6.0548 grams. of antimony tribromide yielded 9.4858 grams. of
silver bromide when precipitated with silver nitrate. Calculate the
equivalent of antimony. (The equivalent of silver=107.88, that of
bromine = 79.92. )
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THE ELEMENTS OF THE NITROGEN GROUP (Cosnt.)

Bismuth, Bi, 208

BisMUTH, the element of the nitrogen group which possesses
the highest atomic umght differs from antimony in its
chemical properties much in the same way as antimony differs
from arsenic. The trioxide, Bi,O,, is no longer acid-forming,
but acts solely as a basic oxide, dissolving readily in acids to
form salts, but being insoluble in alkalis. The pentoxide,
Bi,O,, possesses an acid-forming character, but the corre-
bp()l]dl]‘l“‘ bismuthic acid is a much weaker acid than antimonic
acid, and its salts are very unstable. No volatile compound
of hismuth with hydrogen is known.

Properties of Bismuth.—Bismuth itself possesses all
the characteristic properties of a metal. It has the specific
gravity 9.7, and possesses a peculiar reddish colour and bright
metallic lustre, whilst like antimony it is brittle. It melts at
264" and expands on solidification, like water in the formation
of ice. When a mass of the fused metal is allowed to cool
partially, the crust then broken and the still fluid metal poured
out, hollow crystals are formed which are almost cubical in
shape but belong to the hexagonal system. These soon
become covered with an iridescent film of oxide, and then
present a beautiful appearance.

Bismuth does not dissolve in dilute hydrochloric or sul-
phuric acid, but is readily dissolved by nitric acid. It also

combines directly with chlorine and sulphur and slowly -

oxidises when heated in the air, the trioxide being formed.

it
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EXPERIMENT 56.—Powder a little bismuth in a mortar
and try the following experiments with small portions
of it.

1. Warm with dilute hydrochloric acid,—no action.

2. Warm with dilute sulphuric acid,—no action.

3. Warm with concentrated nitric acid,—the metal 1s
rapidly dissolved and brown fumes are evolved.

Atomic Weight of Bismuth and Formulse of the

Bismuth Salts. — The equivalent of bismuth has been
determined by converting the metal into the trioxide by acting
on it with nitric acid and heating the resulting nitrate, which
decomposes, forming the trioxide, whilst oxides of nitrogen
and oxygen are liberated,—

4Bi(NO,), = 2Bi,0, + 12NO, + 30,

It has thus been found that the equivalent is 69.33, since
this amount combines with 8 parts of oxygen. Bismuth
forms a number of volatile compounds, so that the atomic
weight can be settled from a study of their molecular weights
and composition. It has been found in this way to be
rather more than 200. Hence 69.33 x 3=208 1s taken as
the atomic weight of bismuth, and the formula of the oxide
is Bi,O,. In this compound therefore, 1 atom of bismuth
I'Epl'li:[tb 3 atoms of hydrogen, and the same is true of
the chloride, BiCl,, and the other salts derived from the
trioxide.

Preparation of Metallic Bismuth.—Bismuth usually
occurs in the metallic state mixed with various other minerals,
and is often prepared by simply heating the ore in an inclined
iron tube. The metallic bismuth melts and drains away from
the unfused residue. When other ores, such as bismuth tri-
oxide (bismuth ochre) or the sulphide (bismuthite) or other
minerals are used, these are roasted and the resulting oxide
then reduced by heating with carbon,—

B1,0, + 3C =2B1 + 3CO.

A little lead 1s almost invariably found in the commercial
metal.

EXPERIMENT 57.—Mix a little bismuth oxide with fusion

mixture and heat it on charcoal in the reducing flame
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of the blowpipe. Beads of bismuth are formed, which
are brittle and dissolve readily in nitric acid, forming
bismuth nitrate,

Alloys

Bismuth and antimony show their metallic character by
forming alloys with other metals. Many metals when melted
together mix and form a uniform liquid, which solidifies on
cooling to a mass of metallic appearance. The substances
thus formed are known as a/loys and are of immense industrial
importance, because they often possess properties which do
not belong to the original metals, and which fit them to be
used for many purposes to which the pure metals could not
possibly be applied.

The alloys formed by bismuth with lead, tin and cadmium
form an excellent example of this, since they melt at much
lower temperatures than any of their constituents. There are
several alloys of this kind, all of which contain half their
weight of bismuth alloyed with varying quantities of lead, tin,
and sometimes cadmium, Two of the most important of these
are the following—

Rose's Metal, Wood's Metal,
Melting-point, g4°. Melting-point, 6o.5".
Bismuth . . 2 parts Bismuth . . 4 parts
Lead : . I part Lead . R b
il 75 1 : s o Tin s . I part

Cadmium . 2 e

Bismuth itself melts at 264°, lead at 326°, tin at 232°, and
cadmium at 322°.

The most striking properties in which alloys usually differ
from the average of their constituents are the melting-point,
specific gravity, hardness and tensile strength. The specific
heat of an alloy, on the other hand, is the mean of the specific
heats of the constituent metals.

The question as to the nature of alloys, that is, whether
they are to be considered as compounds or mixtures of their
constituents, is a very difficult one, and cannot be discussed in
detail here. In some cases crystalline alloys containing the
metals in the proportions of their atomic weights have been
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—]

obtained, whilst in other cases they havenot. It seems, there-
fore, that the substances known as alloys are in some cases
true compounds and in others merely mixtures (or solutions) of
the original metals with each other or with these compounds.

Numerous instances of the variation in the properties of a
metal produced by the addition of a second metal will be found
in the following lessons. i

These alloys of bismuth, known as fusible metals, not only
possess the useful property of melting at low temperatures,
but also that of expanding on solidification, and hence they
are used for stereotyping. The ¢ sprinklers” employed for
the automatic extinction of fires contain plugs of fusible metal,
which melt when heated above a certain temperature and
release a supply of water.

Bismuth Trioxide, Bi,O,.— This oxide is slowly formed
when the metal is heated in the air and is prepared by heating
the hydroxide, carbonate or nitrate, all of which decompose
and yield the oxide,—

2Bi(OH), = Bi,0, + 3H,0,
4Bi(NO,), = 2Bi,0, + 12NO, + 30,.

The oxide is a yellow powder, which becomes much darker

in colour when heated.

EXPERIMENT 58.—Heat a few crystals of bismuth nitrate
in a test-tube—brown fumes are evolved, and a mass
left which 1s dark brown when hot, pale yellow when cold.

The oxide is not volatile, and hence only its empirical

formula is known, whereas we are acquainted with the molecular
formulze of the corresponding volatile oxides of phosphorus,
arsenic and antimony.

Bismuth Hydroxide, Bi(OH),, is a white powder obtained

by adding caustic soda or ammonia to a bismuth salt,—

Bi(NO,), + 3NH,HO = 3NH,NO, + Bi(OH),.

Neither the oxide nor the hydroxide dissolves in alkalis,
but they both_dissolve in acids forming salts. These, like the
salts of antimony, are easily decomposed by water with the
formation of basic salts.

The hydroxide is readily converted by reducing agents into
a fine black powder of the metal. Thus when caustic soda i$
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added to a solution of a bismuth salt, together with an excess
of stannous chloride solution, SnCl,, and the liquid warmed,
a black precipitate of metallic bismuth is produced. The
stannous chloride i1s converted by the alkali into stannous
hydrate, which takes up oxygen from the bismuth hydroxide
and is converted into stannic hydrate,—

2Bi(OH), + 35n(OH), = 2Bi + 35n(OH),.

This reaction forms an excellent test for small quantities of
bismuth. g
EXPERIMENT 59.—To a solution of bismuth chloride add
a solution of stannous chloride, and then caustic soda
in excess, and warm gently. A black precipitate of
metallic bismuth is formed.
The reduction of bismuth hydroxide to metallic bismuth
takes place in two stages. In the first stage an unstable
monoxide of bismuth, B10, 1s formed,—

2Bi(OH), + Sn(OH), = 2Bi0 + Sn(OH), + 2H,0

This oxide is then reduced by excess of stannous hydrate to
metallic bismuth.

Corresponding with- this monoxide, an unstable chloride,
BiCl, and sulphide BiS are known, in all of which bismuth
acts as a bivalent element.

Bismuth Chloride, BiCl,, is obtained by dissolving the
oxide in hydrochloric acid or heating the metal in chlorine.

It is a white granular mass, which, like antimony chloride,
is volatile and can be distilled. Its vapour has the density
agreeing with the molecular formula BiCl,, The chloride
dissolves in hydrochloric acid, but, like antimony trichloride, it
1s decomposed by water, forming the white oxychloride BiOCI,
which is insoluble in water but soluble in hydrochloric acid,
whilst 1t 1s insoluble in tartaric acid,—

BiCl, + H,0 = BiOCl # 2 HCL

EXPERIMENT 60.—Dissolve 2 grams. of bismuth oxide in
10 cc, of hydrochloric acid and evaporate on the water
bath, Dissolve the residue in a little hydrochloric
acid, and—

i. To a small portion add excess of ammonia,—a white

P ——
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flocculent precipitate of the hydroxide is formed, which
15 insoluble in excess of ammonia.,

. Pour the remainder into 250 cc. of water in a beaker,—
a white precipitate of the oxychloride is formed, which is
soluble in hydrochloric acid and insoluble in tartaric acid.

Bismuth Nitrate, Bi(NO,), + 5H,0, is prepared by dis-
solving the metal, or its oxide, or carbonate, in concentrated
nitric acid and evaporating. Prismatic crystals are formed
which deliquesce on exposure to the air. This salt, like the
chloride, is decomposed by a large quantity of water, basic
bismuth nitrate being precipitated as a white crystalline
powder. This basic nitrate is formed by the removal of two
of the three acid groups of the nitrate and their replacement
by hydroxyl groups,—

LJ

NO, OH

Bi <ND +2H,0= BI<OH +2HNO,
NO, NO,

The basic nitrate may, therefore, be regarded as bismuth
hydroxide, in which only one hydroxyl group has reacted with
nitric acid.

It is largely used in medicine and as a cosmetic for soften-
ing the skin.

Normal Bismuth Carbonate, Bi,(CO,),, is not known,
the white powder formed when sodium carbﬂnate 1s added to
a solution of the nitrate and the precipitate dried being the
basic carbonate, Bi,O,CO,. This, as is seen from the
formula, curregpnnds in campnsntmn with the oxychloride,
allowance being made for the fact that the acid group, CO,,
combines with 2 atoms of hydrogen, and is therefore equiva-
lent to 2 atoms of chlorine or 1 atom of oxygen,—

BiCl, BiOCl
Bi,(CO,), Bi,0,(CO,).

Bismuth Sulphide, Bi,S,, occurs as the mineral bis-
muthite, and 1s prectpltaterl as a black powder when an acid
solution of the chloride is treated with sulphuretted hydrogen.
It is insoluble in alkalis and alkali sulphides, and thus differs
from the sulphides of antimony and arsenic in the same way
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as the oxide differs from the corresponding oxides of these
elements. It readly dissolves in hot dilute nitric acid, forming
the nitrate.

EXPERIMENT 61.—Pass sulphuretted hydrogen thrnugh an
acid solution of bismuth chloride. A black precipitate
of the sulphide is produced which is soluble in hot dilute
nitric acid, but insoluble in caustic soda and ammonium
sulphide.

Bismuth Pentoxide, Bi,O,, and Bismuthic Acid,
HBiO,.—When bismuth hydroxide is suspended in a solution
of potash and a current of chlorine passed into the liquid, a
red powder is formed which contains impure bismuthic acid
HEBi10,,—

Bi(OH); + Cl,=HBi10, + 2HCI.

This acid corresponds in composition with nitric acid,
metaphosphoric acid, metarsenic acid, and metantimonic acid.
It is a very weak acid, its salts, such as potassium bismuthate,
KB1O,, being decomposed by water. The yellow alkali salts
can be prepared nearly pure by dissolving the crude acid in
hydrofluoric acid and adding the solution to caustic soda or
potash. When these salts are treated with nitric acid, the
free bismuthic acid is obtained as a red powder.

When this is heated it decomposes forming bismuth trioxide,
free oxygen and water,—

2HBiO, = Bi,0,+ 0,+ H,0

General Properties of the Elements of the
Nitrogen Group

It will be seen from the foregoing that the elements
nitrogen, phosphorus, arsenic, antimony and bismuth form a
true chemical group or family just as do the halogen elements.

These elements all form oxides of the empirical formulae
R,0,and R,0,. As the atomic weight of the elements increases
these oxldcﬁ becnme gradually less acid and more basic in their
character. Thus arsenic acid is a much weaker acid than nitric
acid, and in the same way bismuthic acid is still weaker than
arsenic acid. The lower oxide shows this change in a still more
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marked degree. The trioxides of nitrogen and phosphorus
are purely acid-forming oxides; arsenious oxide occupies an
intermediate position, since it yields unstable salts by the action
of powerful acids, such as hydrochloric acid and sulphuric acid ;
the corresponding oxide of antimony readily yields salts with
most acids, although it still acts as an acid-forming oxide and
yields salts with alkalis ; finally, bismuth trioxide is a purely
basic oxide, and yields a well defined series of salts with acids,
but none at all with alkalis.

The sulphides of arsenic, antimony and bismuth show a
similar progressive change of properties ; those of arsenic and
antimony are soluble in alkalis and alkali sulphides, whilst
that of bismuth does not dissolve in either of these reagents.

Very characteristic are the volatile compounds with hydro-
gen, the gradual change in the properties of which is shown in
the following table :—

Temperature
Element. Formula. of Properties.
Decomposition.

— — —

Nitrogen . NH, Red heat. Combines readily with
acids.
J’ Combines only with hydr-

Phasphorus PH,4 iodic and hydrobromic
l acids.
Arsenic . AsH, 230" Does not combine with
acids,
Antimony . SbH, pelow 150° Do.
Bismuth . Does not | exist.

The appearance and physical properties of the elements
themselves also vary gradually as the atomic weight increases.
Nitrogen is a gas, or at a very low temperature a transparent
ice-like mass. Phosphorus is a yellow transparent solid or
red mass. Arsenic has a metallic lustre, and volatilises without
melting when heated. Finally, antimony and bismuth have
the true metallic appearance, and melt readily when heated.

Arsenic and antimony thus stand out very clearly as being
intermediate in character between the non-metal phosphorus
on the one hand and the metal bismuth on the other.



122 ELEMENTS OF NITROGEN GROUP  LESSON XIV

ExErcisEs oN LEsson XIV

1. How is metallic bismuth prepared?

2. Contrast the physical and chemical properties of bismuth with those
of arsenic.

3. What is an alloy? In what respects does an alloy usually differ from
the metals of which it is composed ?

4. Describe the composition and properties of fusible metal.

5. What occurs when bismuth trioxide is (a) heated ; (4) treated with
nitric acid and the product poured into water ; (¢) suspended in caustic
potash solution and treated with chlorine ?

6. How does bismuth sulphide differ from the sulphldes of antimony
and arsenic?

7. Why are the elements nitrogen, phosphorus, antimony, arsenie, and
bismuth placed together in one group or family of elements?

8. In what respects are arsenic and antimmony intermediate between
phosphorus and bismuth ?
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DETERMINATION OF THE ATOMIC WEIGHT FROM THE
SPECIFIC HEAT OF THE SOLID ELEMENT

MANY of the elements, and more especially of the metals,
either form no volatile compounds, or very few, so that the
method of determining the atomic weight based on Avogadro’s
theory (p. 4) cannot be applied. In such cases, therefore, 1t
1s necessary to have recourse to some other property of the
elements, and it has been found that the problem may be
solved by a method which depends on the study of the specific
heat of the elements in the solid state.

When any hot solid substance, such as a piece of metal, 1s
brought into water of the ordinary temperature, the substance
1s cooled and the water heated, until finally both attain the
same temperature, the water having gained the heat which the
solid substance has lost.

The amount of heat requirea lo raise the lemperature of 1
gram. of water from o° to 1° C. is called a unit of heat or calorie,
and all quantities of heat are measured by this unit. Thus “10
units of heat” means the amount of heat which will raise the
temperature of 10 grams, of water from o° to 1° C. It is found
by experience that the heat required to raise 1 gram. of water
from o° to 100° C. is practically equal to 100 units ; and hence
we may say that 10 units of heat will raise the temperature
of 1 gram. of water from o° to 10°, or from 10° to 20°, or of
2 grams. of water from o° to 5°. Hence it follows that the
number of units of heat gained or lost by a given weight
of water is found by multiplying the weight of the water in
grams. by the number of degrees C. by which its temperature
has been changed.
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All other substances are compared with water in this re-
spect, and ke number of units of heat required io raise lhe
lemperature of 1 gram. of the substance through 1° C. is called
the specific heat of the substance.

It has already been pointed out (R. and L., p. 112) that
very different quantities of heat are required when equal
weights of different substances are heated through the same
range of temperature. Hence, if equal weights of two sub-
stances are heated to the same temperature and then brought
mto equal weights of water standing at the temperature of the
air, the inequality between the amounts of heat which the
solid substances have taken up is shown by the differences
between the temperatures to which the water in the two vessels
is heated. Moreover, the results of such an experiment may
be used to ascertain the actual specific heat of the substances.
The amount of heat lost by a solid body in cooling from one
temperature to another is equal to Zke specific feal x the number
of degrees by whick it is cooled x the weight of the substance in
grams. Thus when 2 grams. of mercury, the specific heat of
which is 0.032, are cooled from 100° to 15°, the amount of
heat lost is 0.032x(100—-15)%x 2=0.032 %X 85 X 2=15.44
units. The same amount would of course be gained if the
mercury were heated from 15° to 100°,

The specific heat of a solid substance can therefore be deter-
mined by bringing a known weight of the substance at a known
temperature into a weighed amount of water at a lower tem-
perature, thoroughly stirring and then taking the resulting
temperature of the water. This process, known as the * Method
of Mixtures,” may be roughly illustrated by the following ex-
periment, which also exemplifies the way in which the value
of the specific heat is derived from the numbers obtained.

EXPERIMENT 62.—Weigh out into one test-tube §o grams.

of mercury and into a second 50 grams. of granulated
zinc. Fit each tube with a cork carrying a tube bent
once at right angles, to prevent the entrance of steam,
and support both the test-tubes in a beaker of boiling
water, keeping the water boiling for about ten minutes.
In the meantime, place 100 cc. of water in each of
two small beakers, stir well with a thermometer, and
finally read off and note the temperature of each. The
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thermometer used should be as sensitive as possibie,
since the difference of temperature to be observed is
only small. One graduated in 1/10° C. gives quite
satisfactory results.

Next as quickly as possible remove one tube from the
boiling water and pour its contents into one of the
beakers, stir well for about half a minute, and read the
temperature. Repeat the same process with the second
tube and the remaining beaker of water and note the
two results.

In an actual experiment the following numbers were thus

obtained :(—

Mercury. Zinc.
Original temperature of water . o Z3i2® 23.6°
Final temperature of water : S ARt 2O

Calculation.—s50 grams. of mercury have been cooled
from 100° to 24.2°% Z.e. through 100 — 24.2 = 75.8".

The heat lost in this process is therefore S x 75.8 x 50,
where S is the specific heat of mercury.

This amount of heat has been gained by the water, 100
grams, of which have been heated from 23.2° to 24.2° fe
through 1°. The water has therefore gained

100 ¥ I = 100 units of heat.

Hence, since the heat lost by the metal has been gained by
the water,—

S ¥ 7E.8 % L0 =T00.
100

= 50 X 75.8 =

26,

Calculating the specific heat of the zinc in the same way
it is found that

Sx(100—27)x g0=100 (27 — 23.6).
8% 73 % 50=100 X 3.4.
b Sl L SRR
S= 73 % 50 == 003,

These numbers are both rather lower than the correct
values (p. 128). The reason for this is that several corrections
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have been omitted which are necessary for accurate determina-
tions. The three most important of these are :—

1. e water wvalue of the calorimeter.—The beaker and
thermometer are both heated as well as the water, so that in
effect more than 100 grams. of water are really present.

2. Loss of heat of the water to the surrounding atmo-
sphere, so that the temperature attained by the water is lower
than it would otherwise be.

3. Lrrors of thermometer.—The graduation of the thermo-

metershould be very carefully examined,

S and any errors taken into account.
The foregoing process can only
be used for substances which are not
affected by water, and moreover re-
quires a considerable quantity of
material.
i When Bunsen’s ice calori-
meter (Fig. 15) is employed, the
determination can be carried out
with a much smaller amount of
C material, and the substance is not
- brought into contact with water.
-—-----] This apparatus consists of a test-
tube (A), sealed into a wider glass
vessel (B), the latter being provided

j with a long, horizontal, glass index-
\ tube (5) attached to the vessel (B)
by the joint (D). The outer vessel is

Fig. 1s. partially filled with pure water, the
remainder of the vessel from the dotted

line downwards and the index-tube containing mercury. The
inside tube is then strongly cooled internally by passing a
rapid current of air through some ether placed in the tube, so
that a cake of ice is formed round it, and the whole apparatus
is then carefully packed in snow and thus kept at the constant
temperature of o° C. 'When the hot body is introduced into
the test-tube its heat is given up to the surrounding ice, part
of which is thus melted, producing water of o°, whilst the body
itself is also cooled to 0°. Since ice is more bulky than water
at the same temperature, a contraction i1s produced and the mer-
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cury in the index-tube alters its position. 8o units of heat are
required to melt 1 gram. of ice, and this causes a contraction
of 0.09o7 cc. Hence by measuring the change of position
of the mercury in the index-tube, the number of units of heat
lost, and hence the specific heat of the body, can be calculated.

Relation between the Atomic Weight and the
Specific Heat

Many of the metals form a number of volatile compounds,
so that their atomic weights can be determined by the ordinary
method, which has been previously described (p. 4). When
the specific heats of these metals are considered, it is found
that in every case a very remarkable relation exists,—#/%e
specific heat multiplied by the atomic weight always gives nearly
the same product, and this 1s about 6.4. This is well shown
in the following table :—

—

|
iints , :\t{ﬁmif‘;\r’eight. SpeciﬁLEI Heat. J'Ltnjr!jl:;if El::'linezﬂlt.

Tl U RGN S S S B CHERLLT A e w
Aluminium = : 27. 1 0.219 5.9
Zinc . g i : 65. 4 0.004 6.1
Arsenic . . . 75.0 0.083 6.2
Tin . : : ; 119.0 0.055 6.5
Antimony . L 120.2 0.050 6.0
Mercury . : : 200.0 0.032 6.4
Lead. : : : 207. I 0.031 6.4

| Bismuth . x 208.0 0.030 6.2

|

i

The product of the specific heat and the atomic weight is
called the afomic heat, because it represents the heat required
to raise a number of grams. of the metal numerically equal to
its atomic weight through 1° C. We may therefore say that
all the metals in the foregoing list have about the same atomic
heat. Since this relation holds in the cases in which the
atomic weight can be independently determined, we are
justified in assuming that it also holds for the other solid
elements, the more so as the results obtained on this assump-

tion are in perfect agreement with all the other properties of
these elements.
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This relation was first discovered by the two French
chemists, Dulong and Petit, in 1819, and hence the theory is
known by their name and is usually stated in the form,— /e
atoms of different elements possess the same capacily for heal.

The atomic weight of an element can therefore be approxi-
mately determined by dividing the atomic heat by the specific
heat, and this method 1s now employed for all such elements
as can be obtained pure in the solid state, and is of the utmost
importance for those which form no volatile compounds.

Thus the specific heat of mercury is 0.0319, and hence its
atomic weight must be about 6.4/0.0319 = 200. E _

The following table contains a list of some of the commoner
elements, together with the atomic weight, specific heat and
atomic heat of each, arranged in the order of their atomic
weights.

Element. Speuiri' Heat. .r":.lmnifj'i{"’uight. Atenie Heat.
Sodium 0.2930 23.00 6.7
Magnesium . 0. 2500 24.32 6. 1
Aluminium . 0.2190 27.1 5.0
Potassium - 0.1662 39.10 6.5
Calcium 0. 1700 40.09 6.8
Chromium . 0. 1208 52.0 6.3
Manganese . 0. 1217 54.93 6.7
Iron 0.1162 55.85 6.5
Nickel 0. 1084 58.68 6.3
Cobalt : . : 0. 1030 58.97 6.1
Copper ; 2 : 0.0636 63.57 6.0
Zine . ; : ; 0.0035 65.37 6.1
Arsenic : : : 0.0830 74.96 6.2
Bromine : : : 0.0843 76.92 6.7
Silver . : : : 0.0562 107.88 6.1
Cadmium . : : 0.0548 112. 40 6.2
= i) v g . ' g 0.0551 11G.0 6.6
Antimony . : ; 0.0495 ' 120. 2 5.9
lodine. . : : 0.0541 | 126. gz 6.9
Barium : . . 0.0500 137.37 6.9
Platinum . : 3 0.0323 195. 2 6.3
Gold . y : ; 0.0316 . 197.2 6.2
Mercury . : .| ©owc31g | =c0.0 6. 4
Lead . . ¥ : | 0.0310 207.1 6.4
Bismuth ; 0.0304 z08.0 6.3
|
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It will be noticed at once that the atomic heats of the
different elements are not exactly equal to each other, but
vary from about 5.9 to 6.9. It follows from this that the atomic
weight calculated by this method from the atomic heat can
only be approximate. It must, therefore, be corrected by an
exact determination of the equivalent of the element, that
multiple of the equivalent being selected as the atomic weight
which comes nearest to the number obtained from the atomic
heat,

Examples.—-1. Silver has the specific heat 0.056. Hence
its atomic weight must be approximately

_6;.4_.=114,

0.056
Exact experiments (p. 64) show that 107.88 is the equivalent
of silver, and hence this number i1s taken as the exact atomic
weight of silver.
2. Magnesium i1s a metal which has the equivalent 12.16.
[ts specific heat is 0.25, and hence its atomic weight must
be about

Now the multiple of 12,16 which is nearest to 25.8 is obviously
12.16 x 2 = 24.32, and hence this number is taken as the exact
atomic weight of magnesium. The atomic weight in this
case, therefore, is double the equivalent.

3. Platinum has the low specific heat 0.0323, and hence
its atomic weight must be about

Accurate experiments have shown that in platinic chloride
48.8 parts of platinum combine with 35.46 of chlorine. The
multiple of this which is nearest to 198 is obviously 48.8 x 4
=19¢5.2, and this is accordingly taken as the correct atomic
weight of platinum.

This process is in many respects similar to that with which
we have already become familiar for obtaining the atomic
weight by ascertaining the smallest amount of the substance
ever present in a molecule. This, it will be remembered, also

K
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gives only an approximate number, which must be corrected
by means of the equivalent as determined by accurate experi-
ments. |

It follows from the foregoing examples that the products of
the eguivalents of the metals and their specific heats all stand
in some simple ratio to each other. Thus taking the three
cases just mentioned, the product in the case of silver is
107.88 x 0.056 = 6.0 ; in the case of magnesium it is 12.16 x
0.25 = 3.04, and in the case of platinum it is 48.8 x 0.0323
=1.54. These three numbers, 6.0, 3.04 and 1.54, stand
in the simple ratio of 4:2:1. This was the facf which was
first discovered by Dulong and Petit, and led them to their
theory that the afoms of all the elements have the same capacity
for heat.

Exceptions to Dulong and Petit’'s Theory

It will be noticed that several of the commoner solid ele-
ments are not included in the list on p. 128. The most im-
portant of these are carbon, boron and silicon. When the
specific heats of these elements are determined at the ordinary
temperature, it is found that the atomic heats are considerably
below the average for the other elements (column 4).

I 2 3 4 5 6 7
i At. e Sp. At. . Sp- At. 4
! | Wt i Lemp. Heat. | Heat. Temp. Heat. | Heat.
B | ] :
Boron . . .. IT || . Ep 0.307 | 3.4 Red | o.50 5
: heat
| Diamo_ml L 12 50° |o.146| 1.B || 985" |o.459] 5.5
\ Graphite . . | 12 50" | 0.1g0 | 23 | 985° | 0.467 | 5.6
Silicon . . . | 28.3 | i 0.173 | 4.9 | 232° | o.zoml 5o

. i

—

Investigation has shown that in all these cases the specific
heat varies considerably with the temperature at which it is
determined. At a high temperature more heat is required to
raise the temperature by 1° C. than at a low temperature, as is
seen by comparing the figures in columns 2 and 3, 5 and 6.
At higher temperatures, consequently, the atomic heat (column
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7) becomes much more nearly equal to that of the other
elements, and also becomes almost constant, so that a further
rise of temperature does not greatly influence its value.

It has in fact been found that the specific heat of almost
every element varies to a greater or less extent with the
temperature at which it 1s determined, but in most cases the
variation is so slight that its influence on the atomic heat can
be neglected.

Molecular Heat of Compounds.—When two elements
combine, the specific heat of the resulting compound is found
to depend on the number of atoms which have united to form
the new molecule. The specific heat x the molecular weight
of the compound is called Zie molecular heat of the compound,
and it is found that this 75 equal to the sum of the atomic heats
of the atoms contained in the molecule. Thus, potassium
bromide has the formula KBr, so that the molecular weight,
according to this formula, is 39.1 +79.92=119.02. The
specific heat of potassium bromide is o.107, and hence the
molecular heat is 119.02 X 0.107 =12.7, and this is almost
equal to the sum of the atomic heats of potassium and bromine,
6.5 4+ 6.7 =13.2. Again lead iodide has the formula Pbl,, and
hence its molecular weight is 460.9 ; its specific heat is 0.0427,
so that its molecular heat 1s 460.9 x 0.0427 = 19.7, and this is
almost identical with the numbers calculated from the atomic
heats of lead and iodine, 6.4 + 2 x 6.9 =20.2, This relation
may be used to calculate roughly the atomic heat (and hence
the specific heat) of elements which cannot readily be obtained
in the solid state when free, such as hydrogen, oxygen, or
chlorine. Thus the specific heat of silver chloride is 0.084,
and its molecular heat, therefore, 0.084 x 143.3=12. The
atomic heat of chlorine may then be found by subtracting from
this the atomic heat of silver, and is therefore equal to
12 — 6.1 =5.9, a value which it has in nearly all the solid
compounds of chlorine with the metals.

In a similar way the following atomic heats have also been
ascertained, and it will be noticed that in all cases they are
lower than the average for the metals,—

Nitrogen, 5.3,
Oxygen 4.0,
Hydrogen, 2.3.
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The fact that the molecular heat of a compound depends
chiefly on the number of atoms present in the molecule, and
not on their particular nature, can also be made use of to
determine the number of atoms present in the molecule of a
salt, even when the atomic weight and specific heat of one of
the elements present are unknown. The metal strontium, for
example, is very difficult to prepare pure, so that the deter-
mination of its specific heat cannot easily be carried out, and
as this metal forms no volatile compounds, the atomic weight
of the metal must be determined indirectly. Analysis proves
that 35.46 of chlorine combine with 43.8 of strontiurh, and from
this the atomic weight can of course be calculated, provided
that the formiula of the chloride is known. In order to ascer-
tain which of the possible formulee—such as SrCl, SrCl,
SrCl,, etc.—is the correct one, the molecular heat may be
calculated from the number of atoms present in the molecule,
assuming strontium to have about the same atomic heat as the
other metals, and this can be compared with the value obtained
by multiplying the specific heat of the salt by the molecular
weight corresponding with the formula in question. This is
done in the following table, the atomic heat of chlorine being
taken as 5.9, and it 1s seen that only in the case of the formula
SrCl, do the two values for the molecular heat agree. This
is, therefore, taken as the true formula for the salt; whence it
follows that one atom of strontium combines with two atoms of
chlorine, and that the atomic weight is twice the equivalent
=ans o2 = 8aih

Molecular | Specific Heat l Molecular |  Moleculas Heat
| Formula Wit of Strontium Heat. calculated from the
! A, {  Chloride. A x5, ' Formula.
| e i 50| g
sl | 79.3 0.12 9.5 6.4+ 50=12.3
|
B0y s 150.3 0. 12 19.1 6.4+ 5.0 x 2=18.2
| SrCl, . 237.8 2t 28. 3 6.4+59%x3=24.1
|

SUMMARY

According to Dulong and Petit's theory, the atoms of all the solid
elements have the same capacity for heat. Hence the product of the
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specific heat and the atomic weight, known as the atomic heat, is a con-
stant quantity ; the value of this quantity varies somewhat for the different
elements, but on the average is about 6.4. An approximate value for the
atomic weight of any solid element can therefore be obtained by dividing
6. 4 by the specific heat of the element. The atoms of the various elements
have the same capacity for heat in compounds as in the pure element.

EXERCISES ON LEsson XV

1. What is meant by the terms unit of heat, specific heat, atomic heat,
molecular heat ?

2. How can the specific heat of a metal be determined ?

3. What relation exists between the atomic weight of an element and
its specific heat?

4. A certain element has the equivalent g and the specific heat o, 22,
What is its atomic weight ?

5. 1.028 grams. of the chloride of a metal are just sufficient to precipi-
tate 2 grams. of silver as silver chloride. The specific heat of the metal is
0.17. Find (a) the equivalent of the metal ; (#) the atomic weight of the
metal ; (¢} the formula of the chloride.

6. The specific heat of mercuric oxide (HgO) is 0.048, and that of ice
is 0.478. Calculate from these numbers the atomic heats of oxygen and
hydrogen in these compounds.

7. 2.772 grams. of a certain metal yield 3.614 grams. of the pure nitrate,
The specific heat of the metal is 0.0335. Calculate the atomic weight of
the metal.

8. 1 gram. of a metal unites with o.541 gram. of chlorine to form the
chloride, which has the specific heat o.136. What is the atomic weight
of the metal ?

g. What solid elements do not conform to Dulong and Petit's theory ?
How does the specific heat of these elements vary with the temperature at
which it is determined ?
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CRYSTALS—ISOMORPHISM

WHEN a solid substance is dissolved in water and the liquid
slowly evaporated, it is usually found that the solid 1s deposited
In separate crystals, which are characterised (1), by their
definite geometrical shape, and (2), by the fact that their
properties are not the same in all directions within the crystal,
but differ considerably in different directions. Crystals are

el TP S ——

Fig. 16. Fig. 17.

also frequently formed when a fused solid is allowed to cool,
and when the vapour of.a volatile substance, such as iodine or
arsenious oxide, is allowed to condense slowly.

Crystals are bounded by smooth shining plane faces, which
cut one another in sharp straight edees, whilst three or more
faces meet together forming azsg/es. Thus a crystal of rock-salt
has the shape of a cube, bounded by six square faces (Fig. 16) ;
a crystal of quartz consists of a six-sided prism, capped at
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either end by a six-sided pyramid (Fig. 17), and a crystal of
calc-spar (calcium carbonate) is a rhombohedron or six-faced
solid, which resembles a cube, with the difference that the
six faces are not squares, but rhombs (Fig. 18).

These crystals all differ in a remarkable manner from
solids of similar shape made of such substances as glass or
resin. When a cube of glass is struck a smart blow with a
hammer it breaks up into irregular fragments. When, how-
ever, a piece of rock-salt is treated in the same way it breaks
up into smaller cubes, or fragments with all their intersecting
faces at right angles. A piece of calc-spar, on the other
hand, always breaks up into
smaller rhombohedra, in which
the faces all meet at the same
angles as in the rhombohedron
shown in the figure.

In every crystal there are
some directions in which fracture
takes place more easily than in
others, and the planes in which
these lie are called plawes of Fig. 18,
cleavage. The existence of these
planes shows that the cohesion between the molecules of
which the crystal is made up is less in some directions than
in others, so that we may say that crystals possess a definite
internal structure, usually known as crysialline structure.

Solid substances which do not possess this kind of structure
but have identical properties in every direction, and break up
into irregular fragments when struck, are said to be ameorplowus
(Greek, without form), examples being glass, resin, flint, etc.
Crystals also differ from amorphous solids in their behaviour
towards light and heat (p. 142).

The external form of a crystal can easily be ascertained by
simply measuring the angles between the various faces. It is
thus found that crystals differ widely among themselves in
symmetry of form. In order to represent this more clearly
we may imagine that the faces of each crystal are arranged
about straight lines called axes, which intersect at the centre
of the crystal. Thus Fig. 19 represents a double pyramid on
a square base, the faces of which are arranged about three

B
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axes, all at right angles, two of which, AC and BD, are equal,
whilst the third, EF, is longer than these. Any plane which
divides a crystal into two parts which are exactly similar in
shape and position is called a plane of symmetry. Thus in
Fig. 19 three planes of symmetry are shown, viz., ABCD,
BEDF, and AECF, each of which divides the crystal into
two precisely similar halves. If the whole form (Fig. 19)
be rotated about the axis EF through an angle of 9o°, the axis
AC will take the position BD and the figure then presents

F
Fig. 19.

precisely the same appearance as before. EF is therefore
termed an axis of symmelry, and this name is given to any axis
which possesses a similar property, although the angle through
which the crystal must be rotated may be different. When
each face of a crystal is accompanied by a parallel face, the
crystal is said to possess a centre of symmetry. Thusin Fig, 19
the faces occur in parallel pairs, e.g. ABE and DCEF, about the
point of intersection of the dotted axes, which point is therefore
the centre of symmetry of the crystal,

Crystals are classified according to their symmetry, and all
the thousands of forms of both natural and artificially prepared
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crystals which are known can be arranged in 32 classes. All
these classes belong to the following six crystallographic
systems, each system being characterised by the nature of
the crystallographic axes. All the crystals of a system have
the same crystallographic axes, but do not have the same
degree of symmetry, this being different in the different classes.

. Number of Classes
Name of System. Axes, in the System. |

i D | S —

1. Regular . : . | Three equal and all at | 5
| right angles. '
2. Hexagonal : . | Three equal, cutting 12

at 60°; one unequal
meeting the others
at right angles.

3. Tetragonal . . | Two equal and one oy
(Quadratic) longer or shorter
than these; all at
right angles.
4. Rhombic : . | Three all unequal and 3
at right angles.
5. Monosymmetric . | Three unequal; two 3
( Monoclinic) | at right angles, the
third - inclined to
the other two.
6. Asymmetric . . | Three unequal and 2
(Triclinic) inclined at different
angles,

N e

1. The Regular System.—This system is characterised
by three equal axes, all at right angles. The simplest forms
are the octakedron (Fig. 20), each face of which cuts all three
axes at equal distances ; the cufe (Fig. 16), in which each face
only cuts one axis and is parallel to the plane containing the
other two, and the rhomdic dodecafedron (Fig. 21), a figure
with twelve faces, each of which cuts two axes. Another
form is the fetrakedron (Fig. 22), which has only half the
number of faces of the octahedron, and is hence known as a
hemihedral form. Its relation to the octahedron is shown in
Fig. 23.

Faces belonging to several of these simple forms are often
found on a single crystal. Thus Fig. 24 represents a crystal
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of alum on which faces of the cube (marked o o o) and

Fig. 24.

of the octahedron (marked o) are both seen. The most im-
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portant substances which crystallise in this system are the
diamond, fluorspar, common salt, alum, garnet and iron pyrites,

2. The Hexagonal Sys-
tem.—This system is char-
acterised by three secondary
equal axes cutting one another
at 60° and a fourth principal
axis at right angles to these
(Fig. 25). = The simplest

Fig. 26. Fig. 27.

forms are the /levagonal pyramid and prism, which often occur
on the same crystals (Fig. 17), and the »komboledron (Fig, 18),

Fig. =85, Fig. =zg.

which is a hemihedral form, the relation of which to the pyramid
is shown in Fig. 26, Some important substances belonging to
this system are quartz, ice, calc-spar, sodium nitrate and emerald,
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3. The Tetragonal System.—This system is character-
ised by two equal axes at right angles, and a third longer or

I

=
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m

e -

shorter than these at right angles to both
of them, The simplest form is the
guadralic pyramid, of which there are
two varieties. In one of these the
three axes pass through the corners of
the square base (Fig. 27), whilst in the
other the secondary axes bisect the
sides of the square base (Fig. 28),
Corresponding with theser are two
guadratic prisms (Figs. 29 and 30),

o -

which are often capped by pyramids
as mn Fig. 2z9. The most common ex-
1" amples of substances crystallising in
this system are potassium ferrocyanide,
tinstone, and copper pyrites.

4. The Rhombic System.—This system is characterised
by three unequal axes all at right angles. The chief forms

Fig. jo.

______

= - .

e e o e

Fig. 31.

Fig. 32.

are the rhombic pyramid (Fig. 31) and rhombic prism.
Sulphur, potassium nitrate, arragonite, zinc sulphate and heavy-
spar (bartum sulphate) crystallise in this system.
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5, The Monosymmetric System. — This system is
characterised by three unequal axes, two of which are at
right angles, whilst the third is
inclined to both of them. The
simplest form is the pyramid (Fig,
32). A large number of substances
crystallise in this system, among -
them being washing soda, borax,
potassium chlorate, sodium phos-
phate and arsenate, gypsum,
Glauber’s salt and ferrous sul-
phate.

6. The Asymmetric System.
—In this system all the axes are
unequal and at wvarious angles. Fig. 33.

There 1s no plane or axis of sym-

metry and the crystals are very complicated, derived from the
asymmetric pyramid and prism. Amongst the most important
substances belonging to the system may be mentioned copper

Fig. 134.

sulphate (Fig. 33), potassium dichromate, and albite (sodium
felspar).

Crystals of the regular system are much simpler in their
physical properties than those belonging to the other systems.
They conduct heat and electricity equally in every direction,
and when heated expand equally in all directions. Moreover,



142 CRYSTALS—ISOMORPHISM LESSON XVI

when a ray of light falls upon the face of such a crystal it is
simply refracted and passes on as a single ray, Crystals of
the hexagonal and quadratic systems, on the other hand, con-
duct heat at different rates in the directions parallel to the
principal axis and at right angles to it, and also expand differ-
ently in these directions when heated. A ray of light, moreover,
is as a rule doubly refracted or broken up into two rays, which
pass separately through the crystal.

Crystals of the remaining three systems resemble those of
the hexagonal and quadratic systems, but their behaviour is
even more complex. !

Crystals only attain the perfection of shape represented in
the drawings when they are slowly formed and when the
growing crystal is free to increase on every side. In other
cases distortion occurs, owing to the undue development of
particular faces, but however distorted the form appears, the
angles between the faces remain constant. This is well shown
in the case of alum, which crystallises in regular octahedra
(Fig. 20). When crystals of alum are allowed to develop at
the bottom of a basin, the flattened form shown in Fig. 34 is
produced, the face of the octahedron on which the crystal lies
and that parallel to it being unduly developed (Fig. 35).

EXPERIMENT 63.—Make a saturated solution of alum in

water at about 25°, and allow to cool. Pick out two or
three of the small crystals which are formed. Suspend
one of these by a hair in a cold saturated solution of
alum, and allow to stand for some time. The crystal
gradually increases and takes the shape of a perfect
octahedron. Place the other crystals at the bottom of
a basin containing the saturated solution, and allow to
stand for some days without being touched. Distorted
flat crystals are formed. Well developed crystals of
copper sulphate, zinc sulphate, potassium sulphate, etc.,
can be prepared in a similar manner to that employed
for alum.

Dimorphism.-—Each solid chemical substance has its own
definite form, and this distinguishes it, as a rule, from all other
substances, although an important class of exceptions to this
statement exists (p. 143).

Many substances, however, crystallise in two different forms,
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and are known as dimorphous swubstances, Several striking
instances of this are known among the allotropic forms of the
elements. Thus carbon, in the form of diamond, crystallises
in transparent octahedral forms of the regular system, whilst
as graphite it forms opaque six-sided plates belonging to the
monosymmetric system. Sulphur, again, forms rhombic or
monosymmetric crystals according to circumstances. Many
examples are also met with among the compounds of the ele-
ments. Thus calcium carbonate crystallises as cale-spar in
rhombohedra, belonging to the hexagonal system, and as arra-
gonite in rhombic prisms ; silica, moreover, forms the six-sided
prisms and pyramids of quartz and the asymmetric plates of
tridymite (p. 342).

A striking instance of dimorphism is afforded by mercuric
iodide, which is precipitated as a red powder when potassium
iodide is added to mercuric chloride. This red modification
consists of minute crystals belonging to the quadeatic system.
When it is heated the mass becomes yellow, and then consists
of crystals belonging to the rhombic system. When allowed
to cool and then rubbed, the yellow mass again becomes red,
owing to a change back into the original crystalline form.

EXPERIMENT 64.—Prepare a little mercuric iodide by add-

ing potassium iodide solution to one of mercuric chloride.
Filter through a small paper, and dry the paper in the
air. Heat the paper gently over a flame, and notice
that the red mass becomes yellow. Allow to cool, and
draw a glass rod over the yellow deposit. A red streak
1s produced.

Some substances crystallise in three different forms, and
are known as {#rimorphous substances. The general term
polymorphouns 1s also applied to all substances which crystallise
in more than one form.

Isomorphism

Many compounds form exceptions to the general rule that
each chemical substance has its own distinct crystalline form.
Thus, for example, crystals of the phosphates of sodium and
potassium can scarcely be distinguished by measurement from
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those of the corresponding arsenates ; potassium sulphate and
potassium chromate crystallise in pmmsel}r similar forms, and
very many other cases of the same kind are known. Striking
mstances are also afforded by the alums (p. 318), and by the
double salts which the sulphates of zinc, iron, nickel, cobalt,
manganese and magnesium form with the sulphates of the
alkali metals, Thus the salts ZnSO, + K,SO,+6H,0 and
NiSO, + K,50, 4+ 6H,0 crystallise in the same forms, as do
also the corresponding compounds formed by the remaining
metals mentioned above,

Such substances are said to be Zsomorphous (Gréek, having-
the same form), and not only crystallise in the same geometrical
forms, but also crystallise together when they are both present
in the same solution, in quantities varying with the amount of
each present in solution, forming mived crystals. They cannot,
therefore, be separated by crystallisation, since the crystals
which are deposited contain both the substances which are
present in the solution. Further, a crystal of a pure substance
will continue to grow and develop in a solution of an isomor-
phous substance. When, for example, a crystal of the dark
violet-coloured chrome alum, Cry(SO,),+ K,SO,+24H,0, is
suspended in a saturated solution of ordinary colourless potas-
sium alum, Al(SO,), + K,SO, 4+ 24H,0, it continues to grow,
so that a transparent layer of the colourless alum is formed
around the dark violet nucleus of chrome-alum. Extremely
accurate measurements, however, show that the crystals of
isomorphous substances differ very slightly from each other,
so that the replacement of one element by another in such
crystals—for example, zinc by nickel in the double sulphate
—produces a small but definite change in the crystallographic
constants.

It has been found that zsemorphous substances always hawve
a stmilar chemical composition, and contain the same number
of atoms combined ‘in a similar way. Thus, between the
formule of potassium phosphate, KH,PO, and potassium
arsenate, KH,AsO,, the only difference is that the former
contains one atom of phosphorus and the latter one atom of
arsenic.  Similarly potassium sulphate, K,SO,, and potassium
chmnmte, K,CrO, only differ by the pmsence of an atom of
sulphur in the one compound and an atom of chromium in the
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other, and all other isomorphous substances stand in a similar
relation. This relation between the chemical composition of
isomorphous substances was first established by Mitscherlich
mn 1819.

This phenomenon of isomorphism is very frequently ob-
served in minerals, Many of these contain small quantities of
various metals or acid radicals (p. 198), and have such a com-
plicated composition that it would be very difficult to express
it by means of a formula. Such minerals are in reality
isomorphous mixtures, a portion of the metal or acid radical
having been isomorphously replaced by an equivalent amount
of some other. Thus common limestone, CaCDE, often contains
small amounts of the isomorphous magnesmm carbcmate,
MgCO,, whilst the mineral known as spathic iron ore consists
of ferrous carbonate, FeCO,, varying amounts of which have
been replaced by the isomorphous carbonates of manganese,
calcium, and magnesium. The form of the crystals of ferrous
carbonate is only very slightly altered by this replacement, so
that crystals containing calcium carbonate can scarcely be dis-
tinguished by angular measurement from those of pure ferrous
carbonate.

The formula of such a mineral is determined in the usual
way, allowance being made for the fact that a portion of the
compound has been replaced by another substance. A sample
of limestone, for example, gave the following results on
analysis :—

Combining
7 Weight. Ratio.
Eafs ey 2 = cf =" _0oI4 : : 9
MgQ, 4.1 = 4o = _'To2 A : I
CO,, 44.7 = 44 = 1.016 : : 10

If we proceed as usual to obtain the formula of the com-
pound by dividing the percentage of each constituent by its
combining weight, we find that the amount of carbon dioxide
1s just equivalent to the amounts of lime and magnesia, since
their sum of their equivalents present in the compound,

0+ 1I=10,

exactly equals the equivalent of the carbonic acid present,
The substance may therefore be regarded as calcium car-

L
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bonate, in which a portion of the calcium has been replaced by
magnesium, and the formula is therefore written (Ca, Mg)CO,
to indicate this,

The amount of magnesia present is capable of combining
with 1/10 of the total carbon dioxide, and hence the mixture
may be regarded as calcium carbonate in which 1/10 of the
metal has been replaced by magnesium.

In a similar manner the formula of spathic iron ore might
be written (F'e, Ca, Mg, Mn)Co,, the symbol of the chief con-
stituent being printed in darker type. :

Determination of the Atomic Weight of an Element
from the Isomorphous Relations of its Com-
pounds.

Since all isomorphous substances have a similar chemical
composition, it follows that if it can be shown that two com-
pounds are isomorphous, and if the atomic composition of one
of them be already known, the atomic composition of the
second must be similar to it. Thus let us suppose that the
sulphate of a certain metal, X, is found to be isomorphous with
barium sulphate, and to crystallise along ‘with it and in the
same forms of the rhombic system. Since the formula of
barium sulphate is BaS0,, it follows that the formula of the
new sulphate must be XSO, and that the atomic weight of
X must be such an amount of this metal as replaces 137 parts
(the atomic weight) of barium. This can readily be ascer-
tained by simply analysing the sulphate, anc i1s found to be
87. It hence follows that the atomic weight of the unknown
metal is 87,

This method of determining the atomic weight gives the
same result as that depending on the atomic heat of the metals,
and 1s of great value in confirming the results obtained in
that way.

SUMMARY

Crystals are distinguished from amorphous substances () by their
definite geometrical form ; (#) by their physical properties (cleavage,
expansion, behaviour towards light, etc.). As a general rule each chemical
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substance has a definite and characteristic crystalline form which distin-
guishes it from other substances. Many substances, however, crystallise
in the same forms, and are capable of forming mixed erystals. Such sub-
stances are said to be isomorphous, and invariably have a similar chemical
constitution,

Some compounds crystallise in several distinet forms, and are known as
dimorphous (two-formed), trimorphous (threg-formed), or polymorphous
(several-formed) substances.

When one element replaces a second in a compound isomorphously
(without change of crystalline form), each atom takes the place of an atom
of the second element. Hence the atomic weight of the first element can
be calculated if (1) the atomic weight of the second element and (2) the
equivalents of the two elements are known.

EXERCISES ON LEssoN XVI

1. What is meant by the term ¢7ysfa/? How can erystals be obtained ?
2. What are the six systems in which crystals are classified? Give
examples of substances crystallising in each system.
3. What is meant by the terms Zsomorphism and déimorphism?
4. How are isomorphous substances related in chemical composition ?
5. A certain metal has the equivalent 2g. 3, and forms a sulphate which
is isomorphous with zinc sulphate. What is the atomic weight of the
metal? (Zn=6s.) .
6. A sample of native silver bromide was found to have the following
percentage composition, —
Silver, 67
Bromine, =o

Chlorine, 13

TO0

What proportion of the silver is present as chloride in this isomorphous
mixture of the chloride and bromide ?
7. A mineral has the following percentage composition,—

Manganous oxide, MnO, 48.2,

Ferrous oxide, FeQ, =z.0,
Calcium oxide, Ca0, 10.5,
Carbonic acid, CO,,  39.3.

Calculate the formula of the mineral. What proportion of the total
carbonic acid is combined with each of the three oxides ?



LESSON XVII
THE ALKALI METALS

THE name alkali was originally given by chemists to all soluble
substances which had the properties of restoring the colour of
certain vegetable colouring matters, after they had been pre-
viously altered by the addition of acids, of producing a soapy
feeling when dissolved and placed on the skin, and of having
a characteristic unpleasant taste. Several different substances
were known which had all these properties, and these were
distinguished as :—

1. The jived vegetable alkali, obtained by burning wood.

2. The fived mineral alkali, deposited in the hot countries
of the East by the evaporation of the waters of many lakes.

3. The wolatile alkali, obtained by the distillation of camel’s
dung, hartshorn, and other similar substances.

This last named alkali disappeared entirely when heated,
unlike the others, which were not altered by heat, or, as it
was then termed, were fired.

4. The alkaline earths, of which lime was the most im-
portant.

It has since been found that the fixed mineral and vegetable
alkalis are in reality compounds of two metals, sodium and
potassium, and hence these are termed the mefals of the alkalis,
or more shortly the alfali metals. The volatile alkali, on the
other hand, does not contain a metal but the compound gas
ammonia (R. and L, p. 162).

Sodium and potassium combine very readily with other
elements and form compounds which cannot easily be decom-
posed. Hence, although the compounds of these elements
are very widely distributed, the metals sodium and potassium
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were not isolated until the year 1807. Humphry Davy, the
discoverer of both of these alkali metals, had observed that
many substances are decomposed when a current of electricity
is passed through them. He therefore tried the effect of a
powerful current on caustic potash and caustic soda, and
found that these substances, which had never previously been
decomposed, were at once broken up by the current, the new
metals being formed and oxygen evolved. As we shall see,
the very process (called electrolysis) by which these metals
were first discovered is now used for the manufacture of
sodium (p. 305). The alkali metals resemble one another
very closely and must be considered as members of a
chemical group or family, just as are fluorine, chlorine, bromine
and iodine,

Three other metals (Lithium, Rubidium and Caesium)
belong to the same family, all of which occur in extremely
small quantities and are similar in general properties to sodium
and potassium ; for a detailed description of their properties
and compounds the larger manuals must be consulted.

Sodium, Na, 23

Native sodium carbonate was known by the names soda
and natrum, as well as being termed the fixed mineral alkali
From the first of these terms has been derived the name
sodium, which is commonly used for the metal in England
and France, whilst the second has yielded the name natrivm,
which is used in Germany, and has given us the symbol for
the element Na., The compounds of sodium are widely
distributed and occur in enormous quantities. The most
plentiful of all of these is the chloride, common salt, which
occurs in all sea-water, and is also found in vast deposits,
which often extend to a thickness of several hundred feet,
Sodium also occurs in large quantities as sodium nitrate, or
Chili saltpetre in South America, and as cryolite or sodium
aluminium fluoride in Greenland. It is also a constituent
of many silicates, and is present in all soil as well as in all
animal organisms, and, to a much smaller extent, in plants.

Various compounds of sodium are very largely employed in
the arts and manufactures, and almost the entire quantity thus
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required is derived from common salt. Sodium nitrate is
chiefly used as a source of nitric acid, and as a manure, whilst
cryolite is mainly valued for the aluminium which it contains.

Metallic Sodium.—As already mentioned, metallic sodium
is now manufactured by the electrolysis of caustic soda, the pro-
cess by means of which it was discovered (see Lesson XXVIIL.).
A few years ago metallic sodium was comparatively rare, now
it 1s manufactured on the large scale, the annual output being
measured by thousands of tons. It is used in the preparation
of cyanides. :

The metal possesses such remarkable properties that when
it was first discovered many chemists refused to recognise it as
a true metal (p. 70). At the ordinary temperature it can
easily be cut with a knife and has a bright silvery metallic
lustre, best seen on a freshly-cut surface. The specific gravity
of the metal is 0.973, so that it is distinctly lighter than water.
It melts at 95.6°, forming a liquid which looks like mercury,
and boils at 877°, producing a purple vapour, which can readily
be observed by heating a fragment of the metal in a hard
glass bulb through which a stream of hydrogen is passed to
remove the air.

Sodium combines so readily with oxygen that it i1s rapidly
converted into the oxide or hydroxide when it is exposed to
the air. The metal is therefore either kept under petroleum,
or in thick sticks in stoppered bottles, a layer of oxide being
formed on the surface of the sticks which protects the re-
mainder. The metal readily burns when heated in the air,
forming the peroxide. It rapidly decomposes water, liberating
hydrogen and forming sodium hydroxide or caustic soda,
NaHO,—

2H,0 + 2Na=2NaHO + H,,

Being lighter than water, the metal floats on the surface
when thrown into water as a molten globule, which is surrounded
by the hydrogen evolved, and this can easily be ignited by
means of a lighted taper. If the metal be thrown on to wet
filter paper, or thick starch paste, so that it cannot move
about and thus become cooled, or if it be thrown on to warin
water, the hydrogen takes fire spontaneously and burns with a
yellow flame, due to the presence of the vapour of the metal.

s i s
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Sodium also readily burns when it is melted and plunged
into chlorine, common salt being thus produced,—

2Na + Cl, =2NaCl

EXPERIMENT 65.—Throw a small piece of sodium on to
water coloured red by litmus. Apply a light to the globule
and notice that the hydrogen with which it i1s surrounded
takes fire and burns with a yellow flame. The litmus
becomes blue, owing to the production of the strongly
alkaline caustic soda.

Sodium Amalgam.— When a small piece of metallic
sodium is placed on some mercury in a mortar and pressed
with a pestle, vigorous combination takes place, a flash of
yellow light and a small explosion being produced. As soon
as 1 part of sodium has been added to 8o parts of mercury,
the mass solidifies on cooling. The product of this action is
known as sodium amalgam, the term amalgam being used for
all the substances formed by the union of metals with mercury.
Sodium amalgam decomposes water much more slowly than
metallic sodium, and is therefore often used as a more con-
venient reducing agent than the metal.

The Equivalent and Atomic Weight of Sodium. —
Our knowledge of the equivalent of sodium is derived from
the careful analysis of common salt. The method adopted
by Stas and later by Richards for this purpose consisted in
dissolving a known weight of pure silver in nitric acid, and
finding out exactly how much sodium chloride was requisite
to convert it into silver chloride. It has thus been found that
107'88 parts of silver require 58.46 parts of sodium chloride.

Since this weight of silver combines with 35.46 of chlorine
(p. 66), it follows that 58.46 of sodium chloride contain 35.46
of chlorine and 58.46 — 35.46 = 23.00 parts of sodium. Since
35.46 is the equivalent weight of chlorine, 23 is the equivalent
of the metal.

Sodium does not form any easily volatile compounds and
hence its atomic weight must be settled from the value of its
specific heat. This has been found to be 0.293, and hence
the atomic weight must be that multiple of the equivalent

which is approximately equal to 64 =21.8. Since this is

2072
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not far removed from the value of the equivalent itself, the
latter is taken as the exact atomic weight of sodium.

We further learn from this that 1 atom of sodium is
capable of replacing only 1 atom of hydrogen in acids, and
this i1s found to be the case in all the known salts of
sodium.

The sodium salts must, therefore, be looked upon as derived
from the corresponding acids by the replacement of each atom
of hydrogen by 1 atom of sodium, as shown in the following
examples—

Ll

Formula of Acid. Formula of Salt.
HCI NaCl
HNO, NaNO,

: NaHSO,
50, Na,SO,
NaH,PO,
H3P04 {NHEH PDJ*
Na,PO,

The Oxides of Sodium.—When sodium is heated in the
air it unites with oxygen, but the nature of the oxide produced
depends on the temperature which is employed and the amount
of air which is admitted. When the metal is freely heated in
a good supply of air, the peroxide, Na,0O,, is formed, whilst
when it is heated at a low temperature and in a limited supply
of air the monoxide, Na,0, is produced.

Sodium Peroxide, Na.,Cl , 15 manufactured by heating
sodium in a stream of dry air freed from carbonic acid gas, and
is a white or yellowish-white powder. It cannot easily be de-
composed by heat, although at a high temperature it does
decompose with evolution of oxygen. It is decomposed by
water with formation of a solution containing caustic soda and
hydrogen peroxide,—

Na,O, + 2H,0 =2NaHO + H,0,,

and it is also de:‘:nmpnsed b} acids, 11}rdr{:rgen pemxlde and a
salt of sodium being formed,—

Na,O,+ H,50,=Na, 50, + H,0,.
These solutions contain hydrogen peroxide, and therefore
decompose when they are heated, oxygen being evolved.
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Many peroxides, such for example as barium peroxide,
BaO,, resemble sodium peroxide in this respect, and yield
hydrogen peroxide when they are acted on by acids (see p. 228),
whilst others, such as lead peroxide, PbO,, and manganese
peroxide, MnO,, do not yield this substance.

A peroxide of the former class may be regarded as derived
from hydrogen peroxide by the replacement of the hydrogen
atoms by a metal, just as a basic oxide is derived from water :

Water H.O.H Hydrogen Peroxide H.O.O0.H
Sodium Monoxide Na.O.Na Sodium Peroxide Na.0.0.Na.

When Na,O, is brought into contact with paper or wood,
etc., oxidation occurs so rapidly that the inflammable material
is set fire to.

Sodium peroxide is used on the large scale for the pro-
duction of hydrogen peroxide, which is employed for bleaching
purposes. |

It absorbs carbon dioxide with formation of sodium carbonate
and liberation of oxygen and is therefore sometimes used for the
regeneration of air in closed spaces, such as submarines and the
safety helmets worn in atmospheres containing poisonous
gases,—

2Na,0, + 2C0,=2Na,CO, + O,

EXPERIMENT. 66.—Dissolve 1 gram. sodium peroxide in
water, add dilute sulphuric acid and test for hydrogen per-
oxide by adding a solution of potassium permanganate.
Oxygen is at once evolved (see R. and L., p. 99).

Sodium Monoxide, Na,O, and Sodium Hydroxide,
or Caustic Soda, NaOH.

Sodium Monoxide is formed, as mentioned above, when
the metal is oxidised at a low temperature in a limited supply of
oxygen. It is a gray mass which is violently acted on by
water, with formation of sodium hydroxide, NaOH,—

Na,O + H,O=2NaOH.

This new substance is a strong base (R. and L., p. 81),
which has the characteristic alkaline taste and action on the



154 THE ALKALI METALS LESSON XVII

skin and on vegetable colouring matters. Hence sodium
monoxide is called a basic oxide. All the salts of sodium
may be obtained by the action of acids on sodium hydroxide
or its solution in water,—

NaHO + HNO;=NaNO,; + H,0

Sodium hydroxide or caustic soda is a substance
which is very largely used for various manufacturing purposes,
and is usually made by boiling sodium carbonate solution with
slaked lime, insoluble calcium carbonate being precipitated,

Na,CO, + Ca(OH),=2NaOH + CaCO,,.

EXPERIMENT 67. — Dissolve 70 grams. of crystallised
sodium carbonate Na,CO,; + 10H,0, in about half a litre of
water in a flask. Weigh out 20 grams. of quicklime, slake
it in a basin with a little water, which should be added
very gradually, add more water, stir, and add the resulting
milk of lime to the sodium carbonate solution. Boil on a
sand-bath and test the liquid periodically by allowing it
to settle, drawing off a little of the clear liquid with a
pipette, and adding an excess of hydrochloric acid to it.
If effervescence occurs, undecomposed sodium carbonate
is still present and the boiling must be continued until
no gas is evolved when the liquid is treated in this
manner. As soon as the reaction is complete, allow to
settle, pour off the clear liquid and evaporate it to dry-
ness in a clean iron sand-tray. The solution cannot be
filtered through paper or evaporated in a porcelain basin
because caustic soda attacks both of these substances
very vigorously.

A similar process to the above is adopted for making
caustic soda on the large scale (p. 174), but the product thus
obtained is never pure, invariably containing sodium chloride
and sulphate, as well as smaller quantities of alumina and
other substances. A less impure material is now prepared
from sodium chloride by direct electrolysis. On the small scale
the crude caustic may be purified by treating it with strong
alcohol, which dissolves the caustic soda but not the impurities,
and then pouring off the clear liquid and evaporating. Perfectly
pure caustic soda can only be obtained by dissolving pure
sodium in distilled water and evaporating the liquid to dryness
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in a silver basin, silver being less attacked than any 'other
convenient metal.

Caustic soda dissolves in less than half its weight of water,
forming a heavy, strongly alkaline solution, which rapidly
attacks the skin and destroys vegetable fibre. Both the solid
substance and its solution readily absorb carbonic acid from
the air, sodium carbonate being produced,—

2NaHO + CO,=Na,CO, + H,0,

and they are therefore largely employed in the laboratory for
absorbing this gas.

Sodium hydroxide decomposes the salts of those metals
which form insoluble hydroxides, a soluble sodium salt being
formed and the hydroxide of the metal precipitated. Thus,
when it is added to copper sulphate solution, sodium sulphate
1s formed and copper hydroxide is precipitated,—

CuSO, + 2NaOH = Cu(OH), + Na,SO,.

In other cases the oxide of the metal is precipitated,—
2AgNO,; + 2NaOH = Ag,0 + H,0 + 2NaNO.,.

In many cases the precipitate thus produced is characteristic
of the metal, and caustic soda is therefore largely employed as
a reagent in analytical work.

The hydroxides of many metals decompose when they are
heated, water being given off and the oxide of the metal
formed. Thus when calcium hydroxide (slaked lime) 1s heated,
water and calcium oxide (quicklime) are produced,—

Ca(OH), =CaO + H,0.

This is not the case with sodium hydroxide or potassium
hydroxide, so that these compounds differ in this respect from
other hydroxides.

Volumetric Analysis—Estimation of Acids
and Alkalis

When an acid is gradually added to a base, the point at
which neutrality is reached can readily be ascertained by the
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use of litmus or some substance of similar properties, the
colour of which is altered by acids or alkalis. Substances of
this kind are known as indicators and differ greatly from one
another in sensitiveness. Among the most important of these
indicators are the following three :—

1. Litmus, prepared from a variety of lichen, is blue in
alkaline solution, red in acid solution.

2. Phenol-phthalein, a product obtained indirectly from coal-
tar, 1s a deep pink in alkaline solution and colourless in acid
solution.

3. Methyl-orange, also obtained indirectly from coal-tar, is

yellow in alkaline solution and pink in acid solution.

Litmus and phenol-phthalein are both affected even by such
a weak acid as carbonic acid, whereas methyl-orange is not
acted on in any way by this substance,

EXPERIMENT 68.—Measure out three quantities of 5 cc.
of dilute hydrochloric acid into three beakers, dilute with
water to about 50 cc. and add to one a drop of
litmus, to the second phenol-phthalein and to the third
methyl-orange. Add caustic soda solution slowly from
a burette to each of the three and notice in each case
the change of colour which occurs as soon as a small
excess of alkali is present. Into each of the three
alkaline solutions pass carbonic acid gas, The litmus
becomes red and the phenol-phthalein colourless, whilst
the methyl-orange is not affected but remains yellow.

Indicators, which are affected by acids and alkalis, are
usually themselves very weak acids, the salts of which differ in
colour from the original acids. Thus the blue salts formed by
the red acid of “litmus?” are decomposed even by carbonic
acid, whilst the yellow salts of ¢ methyl-orange” are more
stable and are not decomposed by this substance.

By the use of one of these indicators it becomes easy to
neutralise a solution of caustic soda exactly with an acid. It
i3 obvious that this method can be used for estimating the
amount of caustic soda present, provided that an acid of

known strength be employed and the volume required care. .

fully measured,—

NaOH + HCl=NaCl + H,0.
40 36.5

e e i ——
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We see from the above equation that 4o parts of caustic
soda require 36.5 parts of hydrochloric acid for exact
neutralisation. If now we prepare a solution of hydrochloric
acid containing 36.5 grams. of the acid in 1 litre (1000 cc.)
we know that this litre of solution will exactly neutralise 40
grams. of caustic soda. :

Hence, since 1000 cc. neutralise 4o grams. caustic soda,
1 cc. neutralises 0.04 gram.

If then a given solution of caustic soda requires 15 cc. of
this solution of hydrochloric acid, we know that the amount
of caustic soda present in it is 15 x 0.04 =0.6 gram. This
method of analysis is called wolumetric analysis because it
depends on the measurement of the volume of a standard
solution, containing a known amount of the particular reagent
which is required to react with the substance undergoing
analysis. In grawvimetric analysis, on the other hand, as we
have seen, the constituent which is being estimated is brought
into the form of some substance of known composition, and
the weight of this ascertained (see p. 66).

A solution of an acid containing in each litre 1 gram. (or more
accurately 1-008 gram.) of hydrogen which can be replaced by
a metal 1s called a normal solution. Thus a normal solution
of hydrochloric acid, HCl, contains 36.5 grams. of the acid,
whilst a normal solution of nitric acid, HNO,, contains
63 grams. of the acid. A normal solution of sulphuric acid,
H,SO,, in the same way contains 49.05 grams. of the acid,
since we see from the formula of this dibasic acid that g8.1
parts of it contain 2 grams. of replaceable hydrogen.

All these normal solutions will neutralise exactly the same
amount of caustic soda, viz. 40 grams. per litre, and hence a
solution of caustic soda of this strength is called normal
caustic soda solution. Solutions are often used which are
exactly one-tenth of the normal strength, and these are known
as decinormal solutions.

In volumetric analysis the accuracy of the whole process
depends on an exact knowledge of the strength of the standard
solution employed. Thus the exact strength of a solution of
hydrochloric acid can be found by adding an excess of silver
nitrate, weighing the silver chloride produced, and from this
calculating the amount of hydrochloric acid present. Or again
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it may be ascertained by weighing out a known quantity of
pure sodium carbonate and finding how much of the acid
solution is required to neutralise it exactly,—

NILECOS +2HCl=2NaCl + CO, + H,0.

The strength of the acid can then be found by calculation
from the foregoing equation,

Thus if it were found that 18 cc. of the acid exactly
neutralised 1 gram. of pure sodium carbonate, the volume of
this acid which should be diluted to 1 litre in order to make
a normal solution would be calculated as follows,

It follows from the equation that—

106 grams. sodium carbonate require 73 grams. of HCL

Hence 1 gram. sodium carbonate requires 73 =0.689

106
gram. HCL
Now since 0.68¢9 gram. of HCl is present in 18 cc. of the acid,

: 18
22 bk 13 0'689 13 1
: 18 x 36
and 308 5 i - -6'35“;95 =054 ccC.
of the acid.

Hence, 954 cc. of this acid must be measured out and
diluted to 1 litre, so that this volume of the diluted acid
contains exactly 36.5 parts of hydrochloric acid, and is there-
fore a normal solution. The diluted solution would then be
again tested with pure sodium carbonate, in order to check the
accuracy of the various operations. The pure sodium car-
bonate used in such experiments is obtained by heating pure
sodium bicarbonate or sodium carbonate, until no further lass
of weight occurs,

The strength of solutions of the alkalis may then be
ascertained by direct comparison with the standard solution
of hydrochloric acid.

The process of volumetrically estimating the amount of
a substance present by means of a standard solution is
usually termed #ZZration.

Many other reactions, in addition to those which occur
between acids and alkalis, are employed for the purposes of
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volumetric analysis, and numerous instances of these will be
mentioned in the following lessons. In all cases, however, it
1s essential (1) that the strength of the standard solution is
accurately known ; (2) that there is some means of indicating
to the eye the point at which the reaction is complete.
EXPERIMENT 69,—1. Prepare a normal solution of sul-
phuric acid, standardising it by means of pure sodium
carbonate.

. Determine the percentage of sodium carbonate in a
sample of soda crystals, by weighing out 5 grams. of
the crystals, dissolving them in 250 cc. of water and
titrating 5o cc. of this solution with normal sulphuric
acid in presence of a suitable indicator (p. 156).

Sodium Hydride, NaH.—When sodium is heated in
hydrogen at about 370° it unites with it to form the hydride

NaH, which sublimes in colourless crystals, and decomposes

when it is strongly heated in a vacuum. It is decomposed by

water,—

]

NaH + H,0=NaOH + H,

Similar compounds are formed by the other alkali metals.

The Salts of Sodium

Sodium Chloride, or Common Salt, NaCl, is the most
plentiful of all the compounds of sodium and occurs in all
river water to a small extent and to a larger extent in sea-
water, accompanied by smaller quantities of the chlorides,
bromides, sulphates and carbonates of magnesium, calcium and
potassium. The water of the Atlantic Ocean contains about
37 parts of solid matter in 1ooo parts by weight, and about
78 per cent of this or 28.9 parts consists of sodium chloride.
It is also found in vast deposits, which appear to have been
formed by the drying up of ancient seas. The salt is some-
times obtained from these deposits by mining, the solid material,
which is usually reddish coloured, being known as rock-salt,
whilst in other cases it is procured by boring into the deposit,
and troducing water, which soon becomes saturated with
salt and is then pumped out and evaporated. Salt is also
obtained in many places by the evaporation of sea-water, and
is then known as Bay salt. All crude salt contains magnesium
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chloride, which is deliquescent and renders the salt damp
when exposed to moist air, This can be removed and pure
salt obtained for laboratory purposes by dissolving the whole
in water and passing in a current of hydrochloric acid gas.
The pure salt is precipitated whilst the magnesium salts re-
main in solution. The salt is then filtered off at the pump,
washed with hydrochloric acid and heated in a platinum basin.
Crude salt can also be freed from most of its impurities on the
large scale by washing with saturated brine, in which the
magnesium chloride dissolves,

Common salt crystallises in cubes having the specific
gravity 2.16; it melts at 815° and volatilises perceptibly at a
bright red-heat.

100 parts of water dissolve 35.9 parts of salt at the ordinary
temperature, and only very little more, viz. 39 parts, at 100°.
When salt is mixed with powdered ice and snow, the whole
mass liquefies and the temperature falls to about — 22° so that
this mixture is largely used for freezing or cooling small
quantities of material, and for making ice-creams, etc.

Sodium Bromide and Sodium Iodide closely resemble
the potassium compounds (p. 185), but crystallise with two
molecules of water.

Sodium Carbonate, Na,CO,—The manufacture of this
salt, which is carried out on an enormous scale, is described in
the lesson on the Alkali Manufacture (p. 172). The dry salt
can be fused without undergoing any decomposition. It dis-
solves readily in water and the solution yields on evaporation
crystals of the formula Na,CO, + 10H,0, which are usually
known as soda crystals. Ihese cr}rstals effloresce in the air
and form a solution in water which somewhat resembles that of
sodium sulphate in its behaviour when heated (p. 21). The
solution in water is alkaline both to litmus and to methyl-orange,
and this is frequently found to be the case with normal salts
which are formed from strong bases and weak acids. On the
other hand salts which are formed from weak bases and strong
acids often forin solutions which have an acid reaction. Finally,
salts produced from strong acids and strong bases usually
vield neutral solutions.. Thus the normal salts produced by
the action of the strong bases soda and potash on hydro-
chloric, nitric, sulphuric, hydrobromic and hydriodic acids, all
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of which are strong acids, are all neutral to litmus. Those
formed from carbonic acid, sulphurous acid, acetic acid or
phosphoric acid, all of which are weak acids, are alkaline in
reaction, whilst those formed from weak bases, such as the
hydroxides of copper and zinc, with sulphuric or nitric acid
are generally acid.

EXPERIMENT 70.—Test the reac.tmns. to litmus of solutions
of copper sulphate, zinc nitrate, sodium chloride, sodium
carbonate, sodium sulphide, potassium iodide, ammonium
sulphate and sodium acetate.

Sodium carbonate was formerly used for the preparation of
metallic sodium, which is now made by the electrolysis of
caustic soda. In this old and expensive process it was mixed
with charcoal and the mixture strongly heated, sodium being
liberated as a vapour and carbonic oxide evolved,—

Na,CO,;+2C=2Na+4 3C0.

Sodium Hydrogen Carbonate or Sodium Bicar-
bonate NaHCO, is formed in solution when carbonic acid
gas 1s passed into *1 cold solution of sodium carbonate, whilst
the dry salt 1s prepared by the action of gaseous carbonic acid
on soda crystals (p. 173). Itis neutral to phenolphthalein and
decomposes when heated, as does also its solution in water, car-
bonic acid being evolved and the normal carbonate formed,—

2NaHCO, = Na,CO, + CO, + H,0.

A solution of sodium bicarbonate gives no precipitate with
a dilute solution of calcium chloride, whereas a solution of
normal sodium carbonate produces a white precipitate. This
is because the normal carbonate of calcium is insoluble in
water whilst the bicarbonate is soluble.

EXPERIMENT 71.—1. Dissolve 5 grams. of soda crystals
in 5 cc. of water and pass in carbonic acid gas for some
time. Sodium bicarbonate, which is less soluble than
the normal carbonate, separates out.

Dissolve about 1 gram. of pure sodium blmrhmmte n
water and add a drop of blue litmus solution. The
litmus becomes purple. Add a few drops of this solution
to a dilute solution of calcium chloride : no precipitate
is produced. Boil the solution for some time, carbonic

M
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acid gas is evolved (test by passing the gas into lime-
water) and the litmus becomes blue. Again test the
solution with calcium chloride solution—a white pre-
tipitate is at once produced.

Sodium Cyanide, NaCN.—When sodium is heated in a
current of ammonia in an iron retort at 400°, it replaces one
atom of the hydrogen of the ammonia forming free hydrogen
and sodamide, NH,Na,—

E“JH:]+ :Na::NI—IENa+ H,ﬂ,.

This is a white, waxy solid, and when it is heated with carbon
forms sodium cyanide and hydrogen,—

NH,Na+C=NaCN + H,,

Sodium cyanide is manufactured in this way and is largely
used for the extraction of gold (p. 284). In its general
properties it resembles the potassium salt (p. 338).

Sodium Nitrate (Chili Saltpetre), NaNO,—This sait
occurs in large quantities in the rainless regions of South
Peru and Bolivia. The crude material is known as Caliche
and contains, in addition to the nitrate, sodium chloride,
calcium sulphate and a very small amount of sodium iodate.
The nitrate is simply purified by recrystallisation from water
and is then brought into the market. The iodate of sodium
accumulates in the mother-liquors and i1s used, as already
described (p. 25), for the manufacture of iodine.

Sodium nitrate is very soluble in water and deliquesces
when exposed to moist air, and on this account cannot be
used for making gunpowder (p. 18g). Its crystals have exactly
the same shape as those of calc-spar., When heated it first
melts and then at a high temperature loses oxygen and yields
sodium nitrite,—

32\131‘(03 == ZNHNOE - 03.

It i1s largely employed for the manufacture of nitric acid,
and as the source of oxides of nitrogen in the manufacture of
sulphuric acid (R and L., p. 207). Its chief use, however, is
as a fertiliser, since plants growing in soil with which it has
been “dressed ” are able to take up from it the nitrogen which
1s essential to their proper development (see p. 186). |

-
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Sodium Nitrite, NaNO,, is formed when sodium nitrate
is strongly heated and may be obtained at a lower tempera-
ture by heating the nitrate with finely-divided iron, which
combines with the oxygen.

EXPERIMENT 72.—Fuse 5 grams. of sodium nitrate in a
crucible and add an equal weight of iron filings. Ex-
tract the cool mass with warm water, filter, evaporate -
to small bulk and add sulphuric acid ; brown fumes are
evolved showing the presence of a nitrite, and a green
solution of nitrous acid is formed.

Sodium nitrite is also formed when nitrous fumes are
passed into caustic soda solution. It is readily decomposed
even by weak acids, such as acetic acid, nitrous acid being
formed which can be detected, if the solution be strong,
by the evolution of brown fumes; if the solution be dilute,
by its oxidising action on an acid solution of potassium
1odide,—

2HNO, + 2HI =1, + 2NO + 2H,0.

EXPERIMENT 73.—1I1. To a strong solution of sodium
nitrite add acetic acid ; brown fumes are evolved.

2. To a dilute solution of sodium nitrite add potassium
iodide solution, starch solution and acetic acid; the
characteristic blue colour of starch iodide is produced.

Sodium nitrite 1s chiefly used for the preparation of arti-
ficial organic colouring matters,

Sodium Sulphate, Na,SO,, occurs, as has already been
mentioned, in small amount in sea-water, and 1s also found in
many mineral springs. It is obtained on the large scale by
the action of sulphuric acid on common salt, and i1s known as
salt cake (Alkali Manufacture, p. 171). It crystallises from
water at the ordinary temperature with 10 molecules of water,
this hydrate being known as Glawuber’'s salf, because it was
described by a German chemist named Glauber in 1658,
These crystals lose water and effloresce in the air; the solu-
bility of sodium sulphate has already been discussed (p. 20).

Sodium Sulphite, Na,SO,.—This salt 1s prepared by
dividing a solution of sodium carbonate into two equal parts,
saturating one with sulphur dioxide and then adding the
second,—
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(1) Na,CO, + 250, + H,0 = 2NaHSO, + CO,,
(2) 2NaHSO, + Na,CO,=2Na,SO, + CO, + H,0.

The first half of the carbonate is converted into sodium
bisulphite, NaHSO,, and this then reacts with the second half
to form the normal salt.

EXPERIMENT 74.—Dissolve 5 grams. of soda crystals in
10 cc. of water. Take half of this and pass in sulphur
dioxide until the liquid smells strongly of the gas,
Then add the second half, ascertain the reaction of the

solution to litmus, and keep the solution for the tests

described below,

Sodium sulphite crystallises with seven molecules of water
and forms a solution which is alkaline to litmus. It is difficult
to prepare pure because the solution of the salt readily absorbs
oxygen from the air forming the sulphate. Sulphites are,
moreover, very readily converted into sulphates by oxidising
agents, such as chlorine, iodine, nitric acid, etc.,—

Na,SO, + I, + H,0 = Na,SO, + 2H]I,

and this reaction can be used for their detection and estimation.
EXPERIMENT 75.—To a few drops of a solution of sodium
sulphite add barium chloride, A white precipitate of
barium sulphite is formed which is soluble in hydro-
chloric acid. Add hydrochloric acid and filter from any
barium sulphate which may be present. To the clear
filtrate add a solution of iodine in potassium iodide.
An immediate white precipitate of barium sulphate is
produced.

Sodium Thiosulphate, Na,S,0,, is often known as
hyposulphite of sodium, which was the old name for the salt,
but is now given to another compound. Sodium thiosulphate
is slowly formed when sodium sulphite i1s boiled with flowers
of sulphur,—

Na,SO, + S = Na,S,0,.
The reaction is somewhat similar to the conversion of the
sulphite into sulphate by oxygen,—
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It crystallises with five molecules of water and forms a
neutral solution in water, which slowly decomposes and
deposits sulphur when exposed to the air. This salt is
largely employed in photography because it dissolves the
unaltered chloride, bromide, or iodide of silver from the film
after development, but does not affect the image.

Solutions of sodium thiosulphate are decomposed by acids
with liberation of thiosulphuric acid,—

Na,S,0, + H,SO, = Na,SO, + H,S,0,.

This acid is, however, very unstable, and rapidly de-
composes into sulphurous acid and free sulphur,—

H,S,0, = H,S0, +S.

The sulphur forms a very finely-divided precipitate, and
the solution acquires a smell of sulphur dioxide.

EXPERIMENT 76.—Dissolve 1o grams. of sodium sulphite
in about 25 cc. of water, add 1 gram. of flowers of
sulphur and boil gently for some time, adding water as
the solution evaporates.

Filter, and to 5 cc. of the solution add dilute sulphuric acid.
A yellowish precipitate of sulphur is produced, whilst
the solution acquires a smell of sulphur dioxide.

Sodium thiosulphate undergoes a very interesting reaction
with free iodine. When solutions of these substances are mixed
the iodine is converted into sodium iodide, Nal, at the expense
of half of the sodium of the thiosulphate and a complicated
salt known as sodium tetrathionate is formed,—

2Na, 5,0, + 1,= 2Nal + Na,5,0,.

This reaction is used for the volumetric estimation of
todine. The solution of sodium thiosulphate 1s standardised
by weighing out a known amount of pure iodine, dissolving
this in potassium iodide solution, and titrating with sodium
thiosulphate solution until the iodine is exactly used up. The
final point i1s ascertained by adding a few cc. of starch solu-
tion to the liquid while it is still yellow with iodine ; a deep blue
colour 1s produced and the exact point at which this disappears
can be seen with great sharpness.

It is usual to make the sodium thiosulphate solution of such
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a strength that each cc. exactly suffices for 1 cc. of a deci-
normal solution of iodine, containing 12.69 grams. of iodine
per litre. The amount of pure crystallised sodium thiosulphate
required is therefore 24.82 grams. per litre.
Supersaturated Solutions.—It often happens that when
a saturated solution of a salt in hot water is allowed to cool
without being exposed to dust, or in any way disturbed, no
solid salt separates out, although there is far more salt present
than would be taken up by the water in the cold. This
behaviour is shown in a very marked manner by both sodium
sulphate and sodium thiosulphate. Thus, when a solution of
sodium sulphate is saturated with the salt at about 30°, and
the clear liquid allowed to cool in a flask or test-tube plugged
with cotton wool, or covered with tinfoil, no solid matter
separates out on cooling. The same thing happens when
crystals of sodium thiosulphate are carefully melted in a tube
closed by cotton wool and then allowed to cool. These
solutions are said to be supersaturated and are in a condition
of unstable equilibrium. It was at one time thought that any
particle of dust was able to bring about the crystallisation of
such a solution, but it is now known that this can only be
brought about under ordinary conditions by a crystal of the
salt itself. When the plug is removed and a small crystal of
the salt dropped in, the whole at once solidifies, and since a
considerable . evolution of heat accompanies the change from
the liquid to the solid state, the temperature suddenly rises.
EXPERIMENT 77.—Melt 10 grams. of crystallised sodium
thiosulphate in a test-tube, taking care that no solid
crystals remain on the side of the tube. Close the tube
by a plug of cotton wool and allow to cool. No
crystallisation takes place. Remove the plug and add
a fragment of a crystal of the solid salt. Crystallisation
at once begins and rapidly spreads through the whole
mass. Insert a thermometer and notice that the tem-
perature rises considerably during the crystallisation.

General Reactions of the Sodium Compounds

Sodium is distinguished among the metals by the fact
that with very few exceptions (p. 109) its salts are soluble in
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water, and hence they do not yield precipitates with the ordinary
reagents. Under these circumstances, recourse is had for the
detection of the compounds of the metal to the property which
all sodium salts possess of imparting a yellow colour to the
colourless flame of a Bunsen burner, when they are brought
into it on a clean platinum wire. The reaction is extremely
delicate, and a faint and transitory yellow coloration is pro-
duced by almost any object which has been exposed to the air
for some time, because atmospheric dust contains sodium and
will itself produce the yellow flame (see Spectrum Analysis).
EXPERIMENT 78.—Clean a platinum wire by repeatedly
dipping it in strong hydrochloric acid and heating it in
the flame until it no longer causes any coloration.
Moisten the wire and dip it into some sodium carbonate,
and again bring it into the flame—a brilliant yellow
coloration is produced.

SUMMARY

Metallic sodium is lighter than water, oxidises readily in the air and
decomposes water with evolution of hydrogen.

Sodium burns in the air, forming the peroxide, Na,0,, and the mon-
oxide, NasO. The latter is a strong basic oxide and unites with water to
form caustic soda, NaOH.

Sodium only forms one series of salts; these are produced by the
replacement of 1 atom of hydrogen in the various acids by r atom of
sodium. These salts'are all soluble in water and impart a yellow colora-
tion to the flame.

ExERcIsEs oN LEesson XVII

1. Describe the chief chemical and physical properties of metallic
sodium and compare them with those of arsenic.

2. 5.42 grams. of sodium chloride exactly precipitate ro grams. of
silver from a solution of the nitrate in the form of silver chloride.
Calculate the equivalent of sodium. (The equivalent of silver is 107.88
and that of chlorine 35.46.)

What considerations would guide you in deciding the atomic weight of
sodium ?

3. Describe the preparation of caustic soda. What happens when this
substance 15 added to solutions of («) copper sulphate, (#) hydrochloric
acid, (¢) sodium bicarbonate ?

4. Whence is common salt obtained on the large scale and how can
it be purified ?

5. What occurs when carbonic acid gas is passed into a strong solution
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of caustic soda? How can sodium bicarbonate be converted into sodium
carbonate : and sodium carbonate into sodium bicarbonate ?

6. What is meant by a normal solution of an acid? How can a deci-
normal solution of nitric acid be prepared ?

7. What is meant by an indicator? Describe the effect of caustic
soda, hydrochloric acid and carbonic acid on litmus, phenol-phthalein,
and methyl-orange.

8. 15 cc. of a solution of sodium carbonate require 45 cc. of normal
acid for neutralisation, What is the strength of the sodium carbonate
solution in grams. per litre ? '

9. What is the action of hydrochloric acid on solutions of (#) sodium
nitrite, (#) sodium sulphite, (¢) sodium thiosulphate ?

L




LESSON XVIII

THE ALKALI MANUFACTURE

SULPHURIC AcID. SALT CAKE. SopA AsH. CAUSTIC SODA.
CHLORINE. BLEAcHING PowbDER., PorAssiuM CHLORATE

THE sodium salts which are manufactured on the large scale
for use in the various industries are almost entirely made from
common salt, NaCl. The most important of these products
are the following :(—

TUses.
Sodium sulphate Na,SO, Glass making.
or Salt cake Ultramarine.
Sodium carbonate Na,CO, Source of most of
or Soda ash the sodium salts

of commerce.
Metallurgical
purposes.
Caustic soda NaHO Soap. Paper and
Bleaching.
Hydrated sodium  Na,CO, + 10H,0  Washing.
carbonate or
Soda crystals
Sodium bicar- NaHCO; Baking powder.
bonate Medicinal  pur-
poses and effer-
vescing drinks.

The chlorine of the salt 1s also utilised for the production
of the valuable products—Hydrochloric acid, HCl ; Bleaching
powder, CaOCl, ; and Potassium chlorate, KCIO,.

Several different processes are in use for the conversion of
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common salt into these various products, but only the most
important of them can be here touched upon.

[t must be remembered that in all commercial processes of
manufacture success depends essentially on the cost at which
they can be carried out, and hence the various operations
involved must each of them be executed with due regard to
economy, so that as little waste of material as possible takes
place. In many cases it has been found possible to recover

|
gl

.
2
i
i
&
o3
Eaa
@
%

2
:

.. e
VT it
Fig. 36

g
LR ]

costly elements or compounds from the secondary products of
the manufacture and use them over again, whereas these were
formerly entirely lost. Instances of this will be met with in
the recovery of sulphur from alkali waste, and of manganese
dioxide in the manufacture of chlorine.

I. Manufacture of Soda Ash (Sodium Carbonate) from
Common Salt by the Le Elanc Process.

The Le Blanc process is carried out in two stages,
(1) The salt is treated with sulphuric acid which produces
sodium sulphate and hydrochloric acid,—

2NaCl + H,SO,=Na,50, + 2HCL.
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(2) The sodium sulphate is converted into sodium car-
bonate by being fused with coal and calcium carbonate,—

NaESC); L CaCOE + 2C = NaECDﬁ, + Ca$S + 2CO,,

Sulphuric Acid.—The principles involved in the manu-
facture of sulphuric acid, a necessary part of the alkali
manufacture by the Le Blanc process, have already been
described (R. and L., pp. 207-211).

1. The Salt-Cake Process.—The salt (about 15 cwt.) is
placed in a large shallow iron pan (A, Fig. 36), and the necessary
amount of sulphuric acid run in and well mixed with the salt
by stirring, the pan being gently heated by a fire placed
beneath 1t. The salt is thus decomposed, sodium hydrogen
sulphate, NaHSO,, being formed and hydrochloric acid gas
evolved, which escapes by a special flue and passes to the con-
densing towers, which have already been described (R. and L.,

p. 177),—
(@) NaCl + H,SO,=NaHSO, + HCI.

The contents of the pan are then pushed by a rake on to
the bed of a furnace or roaster (B) placed at the side of the
pan, which is heated from the top, the gases from the furnace
passing into the flue (D), whilst the hydrochloric acid gas evolved
leaves the roaster by a special flue leading to the condensing
towers. The temperature during this stage of the operation 1s
much higher than in the first part of the process, and the con-
version of the salt into normal sulphate is here completed,
hydrochloric acid being evolved,—

(¢) NaHSO, + NaCl =Na,SO, + HCL.

The product consists of anhydrous sodium sulphate known
as salt cake, and forms a hard yellowish white mass.

Salt cake is also manufactured to some extent by a modifica-
tion of the foregoing method known as the Hargreaves process,
by which the use and hence also the manufacture of sulphuric
acid are avoided. Sulphurous acid gas, prepared by burning
iron pyrites or sulphur, is mixed with air and water vapour,
and i1s then passed over carefully moulded lumps of the dried
and heated salt, which becomes completely converted into
sodium sulphate,—

4NaCl + 250, + 2H,0 + O, =2Na,SO, + 4HCL
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2. The Black Ash Process.— The sodium sulphate
obtained by the salt-cake process is broken into lumps, mixed
with coal and limestone, and the whole mass strongly heated.
This is done in large hollow horizontal cylinders of iron plate
lined with fire-brick (B, Fig. 37), the cylinder being about 18
feet long and 12 feet in diameter. This cylinder is made to
revolve about its axis and is heated by a furnace (A) placed at
one end, the flames from which pass right through the
interior. As soon as the mass in the cylinder becomes pasty
and is seen to be covered with small yellow flames, ‘the revolu-
tion of the cylinder is stopped, the man-hole is opened and
the fused material is run out into iron trucks, in which it
solidifies. The oxygen of the sulphate is removed by the
carbon, sodium carbonate and calcium sulphide being then
formed by double decomposition,—

(a) Na,SO, +2C =Na,$ + 2CO,,
(4) Na,5S + CaCO,=CaS + Na,CO.,.

The porous grey mass which results is known as édlack-ashk,
and consists mainly of sodium carbonate and calcium sulphide,
together with smaller amounts of lime, coal, calcium carbonate,
chloride and sulphate of sodium, and smaller quantities of
various other substances, such as silica, etc.

Since calcium sulphide is insoluble in water, the sodium
carbonate can be removed by means of washing with water,
this process being known as /iviviation. The black-ash is
broken into lumps and placed in wooden tanks and repeatedly
treated with water, the process being carried out in such a
way that the same black-ash is first treated by nearly
saturated liquor, and finally by fresh water, which removes
the last traces of soluble sodium salts.

The Zank-liguor thus obtained invariably contains a large
proportion of caustic soda, which is formed by the action of
the lime produced at the high temperature of the black-ash
furnace from the excess of limestone employed. The liquor 1s
therefore treated with sufficient carbonic acid gas to convert
this caustic soda into carbonate, and is then evaporated in pans
heated from the top by the waste heat from the revolving
furnace (D, D, Fig. 37). The crude carbonate is deposited

O il
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as the liquor evaporates and 1is
scraped out into the drainers
(E, E, Fig. 37), and 1s then
removed and strongly heated
on the bed of a reverberatory
furnace, the product Dbeing
finished soda ash.

The commercial article
usually contains about 84 per
cent of sodium carbonate, 8 per
cent of sodium sulphate, 3 per
cent of sodium chloride, and
smaller quantities of caustic
soda, silica, alumina and in-
soluble matter.

Soda Crystals or Wa,sh-
ing Soda, Na,CO,+10H,0,
are made by dissolving soda ash
in warm water, allowing the liquid
to settle, running off the clear
liquor and allowing it to crystal-
lise in large vats. The crystals
contain about 36.5 per cent of
sodium carbonate, and 62 per
cent of water, together with small
amounts of sodium sulphate and
chloride, and are considerably
freer from impurity than the
original soda ash.

Sodium Bicarbonate is
prepared by exposing soda
crystals to carbonic acid gas,
until no more of the latter is
absorbed,—

(Na,CO, + 10H,0) + CO, =
2NaHCO, + 9H,0.

The clear transparent
crystals become opaque and
soft but do not change in

Fig. 37.
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shape. The bicarbonate is then dried at about 40°, and finely
ground.

Caustic Soda.—Caustic soda is prepared from the tank-
liquor obtained by the lixiviation of the black-ash. This is
placed in an iron cylinder and heated with lime, which converts
the sodium carbonate into caustic soda and 1s itself precipitated
as calcium carbonate,—

Ca(OH), + Na,CO, = CaCO, + 2NaOH.

A current of air is often used to agitate the liquid, and has
the additional advantage of oxidising the sulphur compounds
which are invariably present. The finely-divided calcium
carbonate is then either allowed to settle or filtered off, and
the clear liquid evaporated in shallow boat-shaped pans until
its boiling-point is about 138°. It is then run off into large
hemispherical iron pots capable of holding 10 tons of caustic
and strongly heated until nearly the whole of the water has
been driven off. Towards the end of the process sodium
nitrate is added or a current of air is blown through the mass
in order to oxidise and remove the sulphides and cyanides
which are still present. The liquid soda is then allowed to
settle and finally ladled into sheet iron drums, in which it
comes into the market as a solid white mass.

Caustic soda is made of very varying strengths, differing
amounts of water being allowed to remain in it. The highest
quality of the commercial article made by the Le Blanc process
contains g5 per cent of caustic soda, 2 to 3 per cent of sodium
carbonate, 2 per cent of sodium sulphate, a small amount of
sodium chloride, and frequently a little alumina.

Sulphur Recovery.—The residue left in the lixiviating
tanks consists chiefly of calcium sulphide, the whole of which
was at one time thrown away, and known as alkali malker's
waste. The valuable sulphur contained in this material i1s now
recovered by Chance's process, which consists in decomposing
the moist waste with carbonic acid gas, produced by heating
limestone in kilns in the usual way,—

CaS +H, 0 + Cfl'ﬂ o= ':..:EL'CUH -+ HES.

The sulphuretted hydrogen which 1s evolved is either
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completely burned, and the sulphur dioxide which 1s produced
utilised for the manufacture of sulphuric acid,—

EHES + 3015.‘: EHEO = 2502,

or the gas is burned in a limited supply of air, and the sulphur
thus obtained in the free state,—

2H,S + 03=2H20+ 5

II. Manufacture of Sodium Carbonate from Common
Salt by the Ammonia-Soda Process.

In this process sodium bicarbonate is produced directly
from common salt by saturating a solution of the latter with
ammonia and then passing in carbonic acid gas,—

NaCl + NH, + H,0 + CO,=NaHCO, + NH,Cl.

The salt is dissolved in water, and the brine, carefully freed
from magnesium and calcium salts, i1s first of all saturated
with ammonia, the clear liquid being then allowed to flow
down a tower where it meets an upward current of carbonic
acid gas. The reaction described above takes place in this
tower, so much heat being evolved that it is necessary to cool
the lower portion of the tower with a current of cold water.
The sodium bicarbonate is only very slightly soluble in dilute
ammonium chloride solution, and separates out in the crystal-
line state. The resulting pasty mass of bicarbonate is then
filtered from the ammonium chloride solution and freed from
all adhering ammonia by being washed with a little water and
then dried in pans. The resulting mass is finally calcined in
a reverberatory furnace, and thus converted into soda ash,—

2NaHCO, = Na,CO, + H,O + CO,.

The ammonium chloride solution is returned to the ammonia
stills, where it is heated with lime or magnesia, and the result-
ing ammonia again used for the saturation of the brine.

The whole of the chlorine of the salt is thus finally obtained
in the form of calcium chloride or magnesium chloride, sub-
stances from which 1t 15 extremely difficult to obtain free
chlorine by any economical process. This constitutes a dis-
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advantage of the ammonia soda process as compared with the
Le Blanc process, since in the latter the chlorine of the salt is
obtained in the form of hydrochloric acid, from which chlorine
and the wvaluable products bleaching powder and potassium
chlorate can readily be prepared. On the other hand, the
soda ash obtained by the ammonia-soda process is of a superior
quality, and the process is simpler and more economical.

The crude sodium bicarbonate obtained as described above
can be converted into finished bicarbonate, suitable for use in
baking powder and for medicinal purposes, by carefully drying
it in a current of warm carbonic acid gas, the presence of -
which prevents the decomposition of the bicarbonate, whilst
the objectionable ammonia is driven off by the heat.

III. The Manufacture of Bleaching Powder
and Potassium Chlorate

Bleaching Powder.—The first step in the manufacture
of bleaching powder is the production of gaseous chlorine,
which is then absorbed by slaked lime,—

Ca(OH), + Cl, = CaOCl, + H,0.

Several important methods exist by which this can be
effected.

i. The Weldon Chlorine Process.—In this process
the chlorine is produced by the action of hydrochloric acid on
manganese dioxide,—

MnO, + 4HCl = MnCl, + H,0 + CL,

The dioxide, in the form of manganese mud (p. 177), is
placed in stills made of Yorkshire flag-stone (Fig. 38), and is
there treated with the concentrated hydrochloric acid obtained
by the absorption of the gas evolved in the manufacture of
salt cake, the contents of the still being heated by steam
admitted at D (Fig. 38). The manganese dioxide is recovered
by running off the solution of manganese chloride, neutralising
the excess of acid with calcium carbonate, and then adding an
excess of milk of lime. The manganese is thus precipitated
as manganous hydroxide,—

MnCl, + Ca(OH), = CaCl, + Mn(OH),,
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and this is then placed in a cylindrical vessel, known as the
oxidiser, in which it is gently heated by steam and treated
with a current of air which is pumped through the mass. The
oxygen thus admitted converts the manganous hydroxide in
the presence of lime into the dioxide which unites with the
excess of lime,—

Mn(OH), + O = MnO, + H,0.

The mass is then allowed to settle, the calcium chloride
solution run off, and the black mud containing the dioxide,
which is known as manganese-
mud, run back into the
chlorine stills. Nearly one
half of the original chlorine
of the salt is thus obtained in
the form of gaseous chlorine,
= the remainder being converted
into calcium chloride, which
is only of small commercial
value.

The chlorine is then passed
into large chambers made of
sheet lead (Fig. 39), on the
floor of which slaked lime is
exposed, in a layer 3 or 4

Fig. 38. inches deep raked into

furrows. As soon as all the

air of the chamber has been replaced by chlorine, the chamber

is closed and allowed to stand for twenty-four hours, and if

necessary more chlorine is then passed in until the lime is

saturated. Air is then admitted, the chlorine aspirated into

a chamber containing fresh lime, and the bleaching powder
removed.

The bleaching powder thus produced, when treated with
acids, yields 36-38 per cent of chlorine, known as the awva:/-
able chlorine, 1t usually contains about 16 per cent of water
and small amounts of calcium carbonate and chlorate, as well
as traces of silica, alumina, etc.

2. The Deacon Chlorine Process.—In this process the
hydrochloric acid gas, evolved by the action of sulphuric acid

N
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on salt, is not ahsorbed
by water but is mixed
with air, dried, and then
heated and passed
through heated cast-iron
cylinders containing
broken bricks 1mpreg-
nated with cupric chlor-
ide, CuCl,. Under these
circumstances the hydro-
chloric acid of the gas
is oxidised by the oxygen
of the air present, free
chlorine being pro-
duced,—

4HCl + 0, =
2H,0 + 2Cl,.

EMeter

This oxidation only ey

takes place at a high
temperature when the
two gases are simply
heated together, but
occurs at a much lower
temperature in the
presence of cupric
chloride, which plays a
somewhat similar part
to that of the manganese
dioxide in the prepara-
tion of oxygen from
potassium chlorate and
manganese dioxide (R.
and L., p. 76).

The resulting gases
are washed with water
to remove the excess of
unaltered  hydrochloric
acid, dried and then passed over slaked lime, exposed in
very thin layers on a series of slate shelves. It is impossible
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to use the chambers employed in the ordinary method of
making bleaching powder, because the chlorine is diluted with
a very large volume of nitrogen and air, only about 5 to 7
per cent of chlorine being present in the gas.

Potassium Chlorate.—The manufacture of potassium
chlorate is not carried out by passing chlorine into caustic
potash solution (p. 46), because in this reaction 5/6 of the
valuable potash is converted into potassium chloride, and only
1/6 into the chlorate. For this reason the method is adopted
of first preparing calcium chlorate by the action of an excess
of chlorine on hot milk of lime, a cheap substance,—

6Ca(OH), + 6Cl, = 5CaCl, + Ca(ClO,), + 6H,0.

Potassium chloride is then added to the liquid, the spar-
ingly soluble potassium chlorate being precipitated,—

Ca(Cl0O,), + 2KCl = CaCl, + 2KCIO,,

The milk of lime is contained in cylindrical vessels, into
which the chlorine is passed. During the operation the
temperature rises considerably, and the treatment with chlorine
is continued until an excess is present. The solution is then
allowed to settle and the clear liquid run off into the evapor-
ating pans. Here the necessary amount of potassium chloride
is added, and the whole boiled down until it is sufficiently
concentrated. On cooling crude potassium chlorate separates
out, which is recrystallised from boiling water, washed with cold
water and dried.

Potassium chlorate is now also made by an electrolytic
process, in which caustic potash and chlorine are simultaneously
formed by the electrolysis of a solution of potassium chloride
(p. 305) and immediately react upon each other in the ordinary
way. By repeating the operation upon the mother-liquors, the
whole of the original potassium chloride is ultimately converted
into potassium chlorate, this final result being represented by
the equation,—

KCl + 3H,0 = KClO,4 + 3H,,
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IV. Electrolytic Decomposition of Common Salt

Caustic soda and chlorine are now also made directly from
salt by an electrolytic process, which is described in Lesson
NXVIIIL.

EXERcISES oN LEssoN XVIII.

1. Describe the various steps in the manufacture of soda ash from salt
by the Le Blanc process,

2. Describe the chief points in the manufacture of sulphuric acid.

3. How can sodium bicarbonate be prepared directly from common
salt, and how can it be purified ?

4. Describe the most important methods for the preparation of chlorine
on the large scale.

5. How are bleaching powder and potassium chlorate manufactured ?

6. How much soda ash is it possible to obtain from a ton of salt
containing gz per cent of sodium chloride? What weight of agueous
hydrochloric acid containing 30 per cent of acid would also be formed ?

7. How much salt is required for the production of a ton of (a)
bleaching powder containing 37 per cent of available chlorine, (#)
potassium chlorate ?




LESSON XIX
THE ALKALI METALS (Cont.)

Potasgsium, K, 30.1

AS in the case of sodium (p. 149), the symbol for this element
is the initial letter of the Latinised name of the metal, fadium:.
This term itself is derived from the Arabic ka/i, which with
the prefix @/ has come into use as the general term altali
The compounds of potassium are almost as widely distributed
as those of sodium, although they are not as a rule found in
such large quantities. Potassium forms an essential con-
stituent of many of the igneous rocks of which the crust of the
earth originally consisted. Thus felspar, which occurs in
granite, gneiss and basalt, and also mica, which is likewise a
constituent of granite and gneiss, both contain potassium. By
exposure to the continued action of air, rain, wind, frost and
running water, aided by plants and bacteria, these rocks are
gradually broken up, first at the surface and then more com-
pletely, and at the same time undergo a very important
chemical alteration. The various minerals present, such as
quartz, felspar, mica, etc., first become separated from one
another, and then, in many cases, undergo a further change.
Felspar, for example, is converted into a soft mass of
clay (aluminium silicate, usually containing iron), whilst the
potassium and calcium in it are converted into carbonates or
nitrates. In this way the salts of these metals are slowly
converted into the soluble form and disseminated throughout
the soil. They are then gradually washed out by drainage
water, and thus pass into the rivers and thence into the sea.
A portion of the potassium salts contained in fertile soil is
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taken up by plants, which cannot grow unless this element be
supplied to them. Hence when plants are burned the ash
is always found to contain salts of potassium, and this ash
formerly constituted the chief source of the compounds of the
element, so that the name of wvegetadle alkali was given to the
carbonate on this account.

Potassium chloride occurs in sea-water, but to a very much
smaller extent than sodium chloride, only about o.75 gram.
being contained in 1000 grams. of the water. In spite of
this it can be prepared from sea-water, because it accumulates
in the mother liquors from which the sodium chloride has
separated. When the water is evaporated the sodium chloride
separates out first, and only after most of this has been
removed are the salts of potassium and magnesium deposited.
The phenomenon has occurred in this way during the drying
up of many former seas, and in some localities the overlying
beds of potassium and magnesium salts have been .preserved,
although in most places they have been subsequently washed
away by the action of water, in which they are much more
soluble than the sodium chloride. Thus in Cheshire no such
overlying potassium salts are found, but at Stassfurt in Germany
they have been preserved and still exist in a bed, 70 to 100
feet in thickness. This deposit has become the chief source
of the potassium salts.

Preparation of Metallic Potassium.—Metallic potas-
sium is not manufactured on any very large scale, because the
cheaper sodium can be used for most purposes for which it
would be useful. It is either prepared by the electrolysis of
caustic potash, or by heating cream of tartar (potassium
hydrogen tartrate) in a closed crucible and submitting the
finely divided mixture of potassium carbonate and carbon to a
high temperature in a wrought-iron bottle,—

K,CO; +2C=2K + 3CO.

Potassium vapour is produced and is condensed between
two flat iron plates, the outside surfaces of which are exposed
to the air (Fig. 40). If the vapour is not very rapidly cooled
an explosive compound is formed between the potassium and
the carbonic oxide, and many serious accidents have at
various times occurred from this cause.




LESSON XIX PROPERTIES OF POTASSIUM 183

Properties of Potassium.—In its chemical and physical
properties potassium resembles sodium very closely, but is
characterised by being chemically more energetic. Thus when
potassium is thrown on to cold water, the hydrogen which is
evolved takes fire spontaneously, a beautiful violet lame being
produced. Potassium, moreover, explodes when brought into
contact with bromine, whilst sodium does not react at all with
bromine at ordinary temperatures, Potassium is even lighter
than sodium, having the specific gravity 0.875 at 13°. It

melts at 62.5° and boils at 757.5°, yielding a beautiful green
vapour.

Potassium forms a very interesting alloy with sodium, which
is an excellent example of the general rule that alloys melt at
a lower temperature than their constituents (p. 116). When
the two metals are melted together in the proportion of their
atomic weights, the mixture remains liquid at the ordinary
temperature, resembling mercury in appearance, and only
solidifies at about 8°, although sodium melts at 95.6° and
potassium at 62.5°,

The Equivalent and Atomic Weight of Potassium



184 THE ALKALI METALS LESSON XIX

and the Composition of the Potassium Salts have
been ascertained in precisely the same way as the corre-
sponding data for sodium. The equivalent of potassium is, as
already mentioned (p. 67), 39.1. The specific heat of the
metal is 0.166, and hence the atomic weight must be about

61 " " L Ll "
5 sza = 38.6. The accurate atomic weight is, therefore, identi-

cal with the equivalent and equals 39.1. The atom of
potassium, like that of sodium, replaces one atom of hydrogen,
and hence the formulae of the potassium salts are precisely
similar to those of the corresponding sodium salts.

The Oxides of Potassium

When potassium is allowed to burn freely in air it forms a
mixture of oxides, the chief product being the peroxide, K,O,.
This substance is a powerful oxidising agent, and when strongly
heated loses oxygen and yields the monoxide, K,0,—

2K,0,=2K,0 + 30,

Potassium Monoxide, K,0.—This oxide can also be
prepared by heating caustic potash with metallic potassium,—

2KHO + 2K =2K,0 + H,.

Potassium Hydroxide or Caustic Potash, KOH, is
prepared in a precisely similar manner to caustic soda, which
it closely resembles in appearance and properties. It has,
however, more pronounced caustic properties than caustic
soda, and is chemically more energetic. Caustic potash is
chiefly used for the manufacture of soft soap.

Potassium Chloride, KCl, occurs, as already described,
in the Stassfurt deposits, It is found there either as a erystal-
line mass, known as sylvine, or combined with magnesium
chloride to form carnallite, KCl + MgCl, + 6H,0.

The potassium chloride is extracted from these materials
by fractional crystallisation. The carnallite is dissolved in
hot water and the solution allowed to cool. Under these
circumstances the less soluble potassium chloride crystallises
out, leaving the magnesium chloride in solution.

X Bt e B
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—

Potassium chloride 1s much more soluble in hot water than
sodium chloride, 100 parts of water at 100° dissolving 56.5
parts. It is now used as the source of all the potassium
salts, but these are not manufactured on nearly such a large
scale as the sodium salts, although the same methods are used.
The caloride is largely employed as an artificial manure.

Potassium Bromide, KBr, is prepared on the large
scale by acting with bromine on iron filings and water; a
bromide of iron is thus produced, which is then treated with
potassium carbonate, potassium bromide being formed,—

2FeBr, + 3K,CO, =6KBr + Fe, O, + 3CO,,

Potassium Iodide, KI, is prepared in a similar manner.
Both the salts crystallise in cubes and are freely soluble in
water ; they are both used in medicine.

Pﬂtﬂﬁslum Chlorate, KClO,, is manufactured on the
large scale from the calcium salt, and has already been
described (p. 46).

Potassium Carbonate, K,CO,.—This salt was formerly
obtained almost exclusively bj,r burmng wood, and hence
received the name of the vegetable alkali. The process, which
is still in use in countries rich in forests, consists in burning the
wood and then boiling the ash with water and evaporating the
dark brown solution to dryness, the crude reddish material
left behind being known as pof-askes. This is purified by re-
crystallisation from water, the white salt thus obtained being
called pearl! ask. Potassium carbonate is also made in small
quantity from the water used for washing wool, which con-
tains a large amount of the potassium salts of organic acids,
constituting the sweat or suint of the sheep. The liquid is
evaporated and the residue calcined and then purified as
described above. The potassium salts in the suint are of
course derived from the vegetable matter which forms the
diet of the sheep. By far the largest amount of potassium
carbonate is now made from potassium chloride by processes
similar to those used for the manufacture of sodium carbonate
(p. 170).

Potassium carbonate is deliquescent and very soluble in
water, 100 parts of the latter dissolving 120 parts of the salt
at 20°. As it takes up water so readily, it is often used for
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removing small amounts of water mixed with other liquids,
such as alcohol.
EXPERIMENT 79.—Mix 5 cc. of alcohol (methylated spirits)
with 15 cc. of water, and ascertain that this mixture
~cannot be made to burn. To 10 cc. of this liquid in
a test-tube add solid potassium carbonate until no
more dissolves. A layer of strong alcohol separates at
the top of the fluid. Remove this and show that it
burns readily with a colourless flame, like the original
methylated spirit, the greater part of the water having
been removed by the potassium carbonate. ;
Potassium Bicarbonate, KHCO,, closely resembles
the sodium salt.
Potassium Nitrate, KENO,, was formerly known by the
name of saltpetre (Latin, sa/-pefrae, rock-salt) or nitre.
It is formed in all soil containing decaying organic matter,
and the manner in which it is produced is one of great interest.
All decay or putrefaction of organic matter is brought about
by the aid of minute living organisms known as dacferia,
whilst in the absence of these, vegetable and animal matter
can be preserved indefinitely without undergoing any decom-
position. The nitrogen of such organic matter is chiefly
present in the form of substances known as a/lbuminoids, which
resemble the white of egg in composition and in many of
their properties, and are of very complex and still unknown
chemical constitution. The effect of putrefaction on these
compounds is to break them up into simpler substances, and
finally to liberate the nitrogen as ammonia, generally in the
form of one of its salts. This ammonia, however, does not
remain unchanged, but is seized upon by other bacteria, which
are present in all fertile soil, and have the power in presence
of atmospheric oxygen of oxidising the ammonia to nitrous
acid,—
2NH, + 30,=2HNO, + 2H,0.

Even this, however, i1s not the end of the change, for soil
contains a third variety of bacterium, which has no effect on
albuminoid substances or ammeonia, but can convert nitrites
into nitrates, again by the aid of atmospheric oxygen,—

deer i i dherndll Wl
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Free nitric acid is not produced, because soil contains the
carbonates of potassium and calcium, and hence the nitrates
of these metals are formed.

Three different sets of bacteria are therefore concerned in
the production of nitrates from animal and vegetable matter :
the ordinary putrefactive organisms, which liberate the nitrogen
as ammonia ; and the zi#7ifying organisms, one set of which
converts the ammonia into nitrous acid, whilst the other com-
pletes the oxidation to nitric acid. A similar process goes dn
in water to which animal matter, such as sewage, has been
added. Such contaminated water is now frequently purified
by filtration through sand or coke, during which process it is
exposed to the action of the bacteria, and at the same time
thoroughly aerated.

Nitre or saltpetre was formerly entirely obtained by the
putrefaction and nitrification of animal and vegetable refuse,
especially in the hot countries of the East, and is still prepared
in this way in some districts. The soil containing such sub-
stances is removed at intervals of several years and extracted
with water. If calcium nitrate be present, potassium carbonate
is added to convert it into potassium nitrate,—

Ca(NO,), + K,CO, = CaCO, + 2KNO,.

The liquid is then evaporated and the crude nitre purified
by recrystallisation.

Potassium nitrate is now generally manufactured by adding
potassium chloride to sodium nitrate in hot concentrated
solution. Sodium chloride separates out from the boiling
liquid, and is filtered off, whilst potassium nitrate remains
dissolved in the liquid, and is deposited on cooling. The
crude nitre contains some sodium chloride, and is purified by
recrystallisation. The sodium chloride which separates out
from the hot liquid is washed with water to remove the
adhering potassium nitrate, and the washings utilised in the
succeeding process,—

KCl + NaNO,=KNO, + NaCl
Double Decomposition.—It 1s a general rule that when

two salts are brought together in solution, if any one of the
possible salts which can be formed from the acid and basic
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radicals present is insoluble, it is precipitated. Thus when
solutions of silver nitrate and potassium chloride are mixed,
silver chloride, being insoluble, is precipitated,—

KCl + AgNO, = KNO, + AgCL

When solutions of equivalent amounts of silver sulphate
and barium chloride are mixed, both barium sulphate and
silver chloride are precipitated, since they are both insoluble,—

BaCl, + Ag,SO, = BaSO, + 2AgCl.

A reaction of this kind is usually termed a double decom-
position.

In the case of sodium nitrate and potassium chloride, all the
four possible salts, comprising the two original salts, together
with sodium chloride and potassium nitrate, are readily soluble
in water, but potassium chloride, potassium nitrate, and sodium
nitrate are all more soluble in boiling water than sodium
chloride. Hence by choosing such an amount of water as is
insufficient to retain in solution, at the boiling-point, the whole
of the sodium chloride formed, it is possible to carry out the
process described above on the manufacturing scale.

The fact that in such a case the course of the reaction
depends on the amount of water present, is illustrated by the
following experiments :(—

EXPERIMENT &o.—1. Dissolve 10 grams, of potassium
chloride and 11.5 grams. of sodium nitrate in 60 cc. of
hot water and allow to cool,—no solid salt is de-
posited.

2. Dissolve the same amounts of the two salts in 25 cc.
of boiling water and allow to cool. Potassium nitrate
crystallises out in long needles. Filter these off, if
possible, by means of a filter pump ; recrystallise from
boiling water (5 cc.), and show that the crystals after
draining are free from chloride of sodium.

3. Add the same weights of the two salts to 10 cc. of
boiling water. A white granular substance remains
undissolved. Filter this off whilst still hot through a
funnel previously warmed by boiling water. The filtrate
on cooling deposits potassium nitrate, which may be
purified by recrystallisation. The deposit consists of
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common salt, which, after washing with a few cc. of water,
may be dissolved in hot water and the liquid allowed to
cool. No crystallisation occurs, or only a few granules
of salt are deposited, which can easily be distinguished
by their appearance from the characteristic needles of
potassium nitrate.

The reaction is therefore similar in principle to the familiar
instances of double decomposition in which an insoluble salt is
precipitated. It may be taken as a general rule that when a
solution containing equivalent quantities of two salts is evapo-
rated, the least soluble of the four possible salts will be first
deposited, although in some cases two of the salts crystallise
out together as a double salt,

EXPERIMENT 81.—Dissolve 14 grams. of sodium sulphate
(anhydrous) and 10 grams. of potassium nitrate in hot
water. Allow the solution to cool and show that the solid
salt which 1s deposited is potassium sulphate.

Potassium nitrate is readily soluble in water, 100 parts of
which dissolve 26 parts of the salt at 15° and 246 parts at
100°. It crystallises in very characteristic prismatic needles
belonging to the rhombic system, It is a very powerful
oxidising agent, and readily gives-up its oxygen to other
substances, especially when heated.

EXPERIMENT 82.—Fuse some potassium nitrate on a clean
sand tray and throw on to the surface of the fused salt a
few small pieces of charcoal—a vivid combustion ensues.

On this account potassium nitrate 1s very largely employed
in the manufacture of gunpowder.

Gunpowder. — Ordinary black gunpowder consists of
an intimate mixture of potassium nitrate with charcoal and
sulphur. The proportions of the constituents vary slightly
in different qualities of powder, but the average percentage
composition is approximately the following,—

Saltpetre . : : 1
Charcoal . . . A ]
Sulphur . : ; e 8]
Water . : : : I

———

100
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The three solid constituents are separately ground as finely
as possible, and are then carefully mixed together with enough
water to make a thick paste. This is afterwards formed into
grains of the required size, and very gradually dried at a low
temperature. When the grains are large they usually receive a
final coating of graphite. Gunpowder contains sufficient oxygen
in its saltpetre to produce the oxidation of the charcoal and
sulphur present, and can therefore be fired in a closed space
without the presence of atmospheric oxygen. Under these
circumstances the carbon yields carbon dioxide, part of which
goes to form potassium carbonate, whilst the remainder is
liberated in the gaseous state, accompanied by a smaller
volume of carbon monoxide. The nitrogen of the potassium
nitrate is liberated as gas, whilst the sulphur unites with the
potassium and some of the oxygen, forming potassium sulphide,
sulphate, and thiosulphate, a small amount of sulphuretted
hydrogen being also produced. Free hydrogen is also
liberated, together with traces of marsh gas and other gases.
The relative proportions in which the various gases are present
are, on the average,—

Carbon dioxide . : . e
Nitrogen . k . B -
Carbon monoxide . . ox X0
Sulphuretted hydrogen . TR - -
Hydrogen . : : - 5
100.0

The exact proportions of the gases produced depend, how-
ever, on the pressure under which the powder is fired.

The gases evolved occupy 280 times the volume of the
powder, and it is the sudden increase of pressure thus produced
which renders the powder so valuable as an explosive.

The various constituents of gunpowder can readily be
separated by treatment with appropriate solvents. Thus the
saltpetre can be completely removed by washing with water,
whilst carbon disulphide dissolves the whole of the sulphur.

Potassium Nitrite, KNO,, closely resembles the sodium
salt, and 1s prepared in a similar manner.

Potassium Sulphide, K ,S.—When potassium carbonate

| s e
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is heated with sulphur, a liver-coloured mass is obtained, which
is known as /lfwer of sulphur, It contains a number of
different sulphur compounds of potassium, and yields a pre-
cipitate of sulphur when an acid is added to its solution,
Pure potassium sulphide is best prepared by saturating caustic
potash with sulphuretted hydrogen, and then adding an equal
amount of caustic potash (compare p. 163). It readily absorbs
oxygen and carbon dioxide from the air.

Potassium Hydrosulphide, KHS.—This salt is formed
when potassium is heated in sulphuretted hydrogen, just as
potassium hydroxide, KOH, is produced by the action of
potassium on water,—

2H,S + 2K =2KHS + H.,.

It may be obtained in solution by saturating caustic potash
with sulphuretted hydrogen,—

KHO + H,S =KHS + H,0.

Potassium Sulphate, K, SO .—This salt is manufactured
either by the action of potassium chloride or magnesium
sulphate or from the mineral fainife, KCl+ MgSO, 4 3H,0,
which occurs in the Stassfurt beds. It crystallises in six-sided
prisms, terminated by pyramids, is only sparingly soluble in
water, and does not unite with water of crystallisation. It is
largely used as a manure.

Potassium Hydrogen Sulphate or Potassium Bi-
sulphate, KHSO,—This acid salt is formed when potassium
chloride or nitrate is acted on by sulphuric acid at a low tem-
perature. When strongly heated it loses sulphuric acid and
forms the normal sulphate, K,SO, (compare the behaviour

of sodium bicarbonate, p. 161),
2KHSO, = K,SO, 4+ H,S0,.

General Reactions of the Potassium Salts

Although the potassium salts are. in some cases less soluble
in water than those of sodium, very few of them are so
sparingly soluble as to serve as a means of detecting the
presence of potassium compounds. The reagent usually
employed for this purpose is chloroplatinic acid (platinic
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chloride), H,PtCl,, which produces with potassium salts a
yellow crystalline precipitate of potassium chloroplatinate,
K,PtCl,, almost insoluble in water or dilute acids, still less
soluble in alcohol,—

2KNO, + H,PtCl, = K,PtCl, + 2HNO,,

Sodium yields a salt of similar composition, but it is
freely soluble in water and alcohol. The salts of many other
metals and of ammonium give similar precipitates with chloro-
platinic acid, and hence potassium must be tested for with this

reagent after the other metals have been removed. *The solu-

tion, which then only contains salts of potassium, ammonium,
and sodium, 1s evaporated to dryness and strongly heated, the
ammonium salts being thus completely decomposed. The
residue is dissolved in a small quantity of water, the chloro-
platinic acid added, together with an equal bulk of alcohol,
and the whole well stirred. On standing a yellow crystalline
precipitate is produced. The same method is used for the
quantitative separation of potassium and sodium, an excess of
chloroplatinic acid being added and the precipitate well washed
with alcohol which removes the soluble sodium chloroplatinate.
Potassium salts yield a precipitate of potassium perchlorate
when perchloric acid is added to their solutions, and potassium
is frequently estimated quantitatively in this form,

The salts of potassium impart a characteristic colour to
the flame, the coloration produced being of a violet tint, not
so intense or so easily recognised as the yellow coloration
produced by the sodium salts. In mixtures of the two salts
the violet due to potassium is entirely masked to the eye by
the yellow sodium flame.

General Properties of the Alkali Metals

The group of alkali metals differs in several important
respects from the nitrogen group of elements. Even the
element of lowest atomic weight in this group (lithium, 6.94,
p. 193) is as well marked a metal as sodium or potassium.
The elements, however, show a certain gradation in properties
with increase of atomic weight, since the melting- and boiling-
points become lower as the atomic weight increases, whilst
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the oxides and hydroxides of the elements of higher atomic
weight are the more strongly basic. All the elements of the
group, as already mentioned (p. 149), closely resemble sodium
and potassium, both in physical and chemical properties.

Some of the properties of these elements are summarised
in the following table :— :

g : Atomic Melting Boiling Specific
Element. Syt Weight. Foint. Point. Gravity.
Le] (o) ;
Lithium Li 6.94 186 A 0.59
Sodium Na 23.00 " 95.6 877.5 0.97
Potassium . K 39. 10 62.5 757.5 . | o.87=
Rubidium . Rb 85.45 38.5 696 | 1.52
Caesium Cs 132. 81 26,5 670 1.88
SUMMARY

Potassium closely resembles sodium in its chemical and physical pro-
perties, but combines more energetically with oxygen, chlorine, ete.

It yields a basic oxide, K, O, which combines with water to form the
strongly basic potassium hydroxide, caustic potash, KOH.

Potassium, like sodium, only forms one series of salts, and in these
1 atom of the metal replaces 1 atom of hydrogen.

Nearly all the salts of potassium are soluble in water, the least soluble
being the perchlorate and the chloroplatinate.

EXERCISES ON LEssoN XIX

1. What is the source of the potassium compounds which are present
in the soil ?

2. Contrast the properties of metallic potassium with those of sodium.

3. Describe the occurrence and mode of extraction of potassium

chloride.

4. How can potassium carbonate, caustic potash, and potassium nitrate
be economically prepared from potassium chloride ?

5. What is meant by nitrification? What processes are involved in
the production of potassium nitrate in the soil ?

6. What is the composition of gunpowder, and what are the chief
products formed when gunpowder is fired ?

7. 5.517 grams. of potassium bromide yield on precipitation with

O
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CONSTITUTIONAL FORMULZE —-VALENCY—CONSTITU-
TION OF HYDROXIDES AND OXVACIDS

WHEN the composition and molecular weight of a substance
are known, it is possible to write for it a molecular formula
which represents the number of atoms of each element present
in the molecule. The chemical behaviour of a substance,
however, often indicates that some of the atoms in the mole-
cule stand in a special relation to each other, and this can be
represented in the formula. Such a formula then indicates
graphically the way in which the various atoms within the
molecule are related to each other, and is therefore called a
constitutional, structural, or graphic formula. For the simplest
kind of compound substance, containing only 1 atom of one
element combined with 1 or more of a second, these structural
formula are usually very simple. Such a compound as water,
for example, 1s represented by the formula H.-O.H or
H-O-H, in which both the atoms of hydrogen are
represented as being combined with the single atom of
oxygen, because all the chemical properties of water go to
show that this is the case. In the same way ammonia is
H H

represented by the formula \‘N

|
H

atoms being arranged uniformly round the nitrogen atom, to
indicate that we have no evidence that any one of them is
related to it in a different way from the other two. For
similar reasons the following compounds receive the structural
or graphic formula given on the next page.

, the three hydrogen
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RN LS Phosphorus  nparsh Gas.
H-Cl H. 5 H CI: e H
il H-C.-H
Cl i1

The fact that one atom is directly combined with another
is indicated by a dot or short line placed bettween the two
symbols. :

In more complicated compounds, containing more than two
elements, the matter is no longer so simple, and in any case it
is necessary to consider carefully all the properties of a com-
pound before assigning a structural formula to it. Caustic
soda, for example, has the formula NaHO. What is its
structural formula ?

Two reactions throw a considerable amount of light on this
question.

1. Caustic soda is produced by the action of metallic
sodium on water, 1 gram. of hydrogen being evolved for every
23 grams. of sodium which are used. This would lead us
to suppose that in this reaction each afom of sodium replaces
an afon: of hydrogen, and hence that the formule of caustic
soda and water should be written,—

H -0 - H. Na -0 - H.

2. When caustic soda i1s treated with hydrochloric acid,
common salt, NaCl, and water are produced. This reaction
can very readily be understood by the use of the following

formule, —
Na-0O-H + H-Cl = Na-Cl + H-0-H.

The hydrogen atom of the hydrochloric acid replaces the
sodium of the caustic soda, water being formed, whilst the
sodium combines with the chlorine to produce sodium chloride.

The constitutional formulee, H- 0O —-H and Na—-O-H
for water and caustic soda, therefore, enable us to obtain a
clearer mental idea of the chemical behaviour of these sub-.
stances than the ordinary formule, H,O and NaHO, and in
this lies the great value of constitutional formulz to the chemist.

Two points are to be specially noticed with regard to the
reactions referred to above,
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1. Valency of the Elements.—One atom of sodium
only replaces one atom of hydrogen, both in water and in
hydrochloric acid, and the same. relation holds for all the
various compounds formed by sodium. Most of the non-
metallic elements unite with hydrogen, and a comparison of
the molecular formulae of the compounds produced shows that
the different elements unite with different numbers of hydrogen
atoms, Thus chlorine, bromine, iodine, and fluorine each
combine with one atom of hydrogen ; oxygen and sulphur with
two ; nitrogen, phosphorus, arsenic, and antimony with three ;
carbon and silicon (p. 322) with four. This combining power
of the elements is known as their zalesncy, and the elements
themselves are termed wwmiwvalent, bivalent, tervalent, quadyi-
valent (or sometimes monovalent, divalent, trivalent, tetra-
valent), according to the number of hydrogen atoms with which
they can unite. The metals, on the other hand, do not as a
rule combine directly with hydrogen, and their valency is
therefore determined by the number of hydrogen atoms which
they can »gplace. Thus sodium, one atom of which replaces
one atom of hydrogen, is univalent; calcium, one atom of
which can replace two atoms of hydrogen, is bivalent ; bismuth
is tervalent, etc. '

The valency of an element is not, however, a fixed and
definite property, for many elements have two or more different
combining or replacing powers in the various compounds which
they form. Thus the atom of phosphorus unites with three
atoms of hydrogen to form phosphine, PH,, and with three
atoms of chlorine to form phosphorus trichloride, PCl,, but
also unites with five atoms of chlorine to form phosphorus
pentachloride, PCl,, and with five atoms of fluorine to form
phosphorus pentafluoride, PF,, Phosphorus 1s therefore
tervalent in some compounds and quinquevalent in others.
Numerous instances of this occur among the metals, many of
which resemble phosphorus in being able to replace two or
more different amounts of hydrogen, forming different series
of compounds (see Copper, Mercury, Iron, Manganese, etc.).

2. Compound Radicals.—In the two reactions described
above, the action of sodium on water, and the action of hydro-
chloric acid on caustic soda, the molecule of water i1s not
completely broken up into separate atoms of hydrogen and
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oxygen. The first reaction consists simply in the replace-
ment of one atom of hydrogen by one of sodium, whilst the
second reaction is simply the inverse of this, the replacement
of an atom of sodium by one of hydrogen. Throughout these
two reactions the remainder of the water molecule, the group
— O — H, bebaves just as though it were a single atom of a
univalent element. This is well seen by comparing the
equations expressing the action of sodium on *water and on
hydrochloric acid, both equations being written in the simplest
possible manner,—
Na+ H(OH)= Na(OH) + H.
Na + HCl= NaCl + H,

Such a group of atoms, which plays the part of a single
atom in a number of reactions, is called a compound radical.
This particular radical, (OH), occurs in a large number of
compounds, and is known by the name Zydroxyl. When the
valencies of the two elements in it are considered, it is easily
understood that it acts as a univalent radical, only one atom
of univalent hydrogen being united with an atom of bivalent
oxygen, forming a group still capable of combining with
another univalent element or compound radical.

Numerous compound radicals are met with among the salts
of the metals. Every salt may be regarded as containing a
basic and an acid radical, and these may be either simple or
compound. The potassium chloride, KCIl, contains an atom
of potassium acting as a basic radical, united with an atom of
chlorine acting as an acid radical. Potassium nitrate, KNO,,
is similarly made up of an atom of potassium acting as a
basic radical, united with the compound acid radical, NO,.
Ammonium nitrate, NH,NO,, again, is made up of two com-
pound radicals, the basic radical, NH, (ammonium, see p. 203),
and the acid radical, NO,.

Constitution of the Hydroxides of the Metals
and of the Oxyacids

All the hydroxides of the metals have a constitution similar
to that of sodium hydroxide, and may be regarded as derived
from one or more molecules of water by the replacement of
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hydrogen by the metal. Thus calcium hydroxide or slaked
lime, which is formed when calcium acts on water (p. 215), and
is also produced by the action of water on quicklime (calcium
oxide, p. 217), has the formula Ca(OH),, and is formed by the
renlacement of two atoms of hydrogen in two different mole-
cules of water by the bivalent element calcium.

In a similar manner aluminium hydroxide, Al(OH),, is
derived from three molecules of water, and stannic hydroxide,
Sn(OH),, from four. All these hydroxides, which are similarly
constituted to caustic soda, have also similar chemical pro-
perties, and react with acids to produce water and a salt of
the metal,—

2A1(OH), + 6HCl =2AICl, + 6H,0.

Since some of the hydroxides are formed by the action of
water on the oxides,—

Ca0 + H,0 =Ca(OH)

93

and since they generally decompose into water and the oxide
when heated, they are sometimes called Aydrated ovides,—

2A1(OH), = AL,0, + 3H,0.

The Oxyacids.—In the days of Lavoisier, who discovered
the true nature of the process of combustion, it was thought
that the characteristic properties of the acids were conferred
upon them by the oxygen which they contained.

[t was, however, afterwards discovered by Davy and others
that some acids exist which contain no oxygen, hydrochloric
acid being one of the earliest known examples of this kind
of acid. Since that time it has been recognised that the
characteristic properties of all acids are due to the presence
in them of one or more atoms of hydrogen, which can be
replaced by metals. Sulphuric acid, for example, contains
two atoms of hydrogen in each molecule, either or both of
which can be replaced by its equivalent of metal. These two
atoms of hydrogen behave in precisely the same way, so that
they are probably both combined in the same manner. The
next question is, How are these atoms of hydrogen related to
the other atoms in the molecule ? It can easily be shown
that they are present, combined with oxygen, in the form of
hydroxyl groups, (OH), united with the radical SO.,,
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Just as we have seen that an atom of chlorine may replace
the hydroxyl group, as in the case of the action of hydrochloric
acid on caustic soda, so of course may the inverse reaction
take place, an atom of chlorine being replaced by hydroxyl.
This occurs in the formation of sulphuric acid by the action
of water on the compound known as swulphonic chloride,
Cl - 50, — Cl,; which is produced by the direct combination
of sulphur clmxldc and chlorine under certain conditions,—

L0 OH H.Cl
SC"'i-l*‘f*:fcl H_o0-H=%%<ou*H.cl

This reaction renders it probable that the constitutional
formula of sulphuric acid is HO — SO, — OH, and this is con-
firmed by all the reactions of this acid. Thus when it 1s
treated with powerful dehydrating agents, such as phosphorus
pentoxide, a molecule of water is removed and sulphur trioxide
produced,—

$0,<0p; = SO, + Hy0.

All the oxyacids have a similar constitution, and may be
regarded as derived from water by the replacement of hydrogen
atoms by some element or group of elements. Thus nitric
acid, HNO,, is (NO,)OH, in which the group (NO,) is uni-
valent ; the tribasic phosphorous acid, H,PO,, has the formula
P(OH),, in which the atom of phosphorus is tervalent; the
tribasic phosphoric acid, H,PO,, has the formula OP(OH),,
in which the group OP is tervalent, and the corresponding
acids of arsenic, antimony, and bismuth have similar con-
stitutions.

It is obvious that the valency of an element in any
particular compound, such as one of these acids, cannot be
ascertained until the constitution of the compound is known.
Chlorine, for example, is monovalent in hydrochloric acid, HC],
and sodium chloride, NaCl; what is its valency in an acid
like perchloric acid, HC1O,? Several different constitutional
formulee may be proposed for such an acid, two of which are
given below,—

//D
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In the first of these, which was at one time adopted by
chemists, the chlorine is represented as univalent, whilst in
the second, which is the one now usually accepted, the chlorine
acts as a septivalent element, being united with three bi-
valent oxygen atoms and a hydroxyl group. It is therefore
impossible to say whether chlorine is univalent or septivalent
in this compound, until one or other of these formule has
been experimentally proved to be the correct one.

A similar state of doubt exists as to the valency of the
metals in many of their compounds. This is partly due to
the fact that the true molecular weights of many of the com-
pounds of the metals are still unknown.

SUMMARY

Constitutional, structural, or graphic formula are intended to express
the relations of the atoms within the molecule, as far as they can be learnt
from the experimental study of the reactions of the compound.

The valency of an element is represented by the number of atoms of
hydrogen with which it can unite, or which it can replace. The valency
is not a fixed and invariable property of the element, since it often varies
in the different compounds formed by the same element,

The valency of an element in any particular compound cannot be
ascertained unless the constitution of the compound is known.

Many groups of atoms play the part of a single atom in many re-
actions ; such groups are known as compound radicals.

The hydroxides of the metals are compounds derived from one or more
molecules of water by the replacement of half the hydrogen by the metal.
They contain the compound radical Aydroayl, and react with acids to
form water and a metallic salt. The oxyacids also contain the hydroxyl
group, united with a single element or a compound radical ; the hydrogen
atoms of the hydroxyl groups in the oxyacids can be replaced by metals.
In the hydracids, which contain no oxygen, the replaceable hydrogen atoms
are directly united with some other element or compound radical.

EXERCISES ON LEsSsON XX

1. What experimental facts lead us to suppose that the constitutional
formula of slaked lime is Ca(OH}),? .

2. What are the basic and acid radicals of which the following salts
are made up ?—arsenic trichloride, sodium arsenate, potassium sulphate,
sodium bicarbonate.

3. Name three compounds in which phosphorus is tervalent, and an
equal number in which it is quinguevalent.







LESSON XXl
THE AMMONIUM COMPOUNDS—DISSOCIATION

AMMONIA very readily unites with acids to form neutral sub-
stances which closely resemble the salts of the alkali metals
in their properties.! These cannot be considered as salts of
ammonia itself, because they are not formed by the replacement
of the hydrogen of the acid by the gas, but are produced by
the direct combination of the acid with the gas,—

NH, + HCl=NH,CL

An inspection of the formule of these compounds shows,
however, that they may be regarded as salts formed by re-
placing the hydrogen of the acid by the group of atoms or
compound radical NH,. To this radical the name ammonium
1s given, the salts being termed the ammonium salts. When
they are dissolved in water they react with other salts in pre-
cisely the same way as the salts of potassium or sodium, the
radical NH, playing the same part in these reactions as the
single atom of sodium or potassium,—

NaCl + AgNO, = NaNO, + AgCl],
NH,Cl + AgNO,=NH,NO, + AgCl.

The ammonium salts differ from those of potassium or
sodium in one very important respect. When they are heated
they decompose into their original constituents, ammonia and
the acid from which they were originally produced. If the
acid be a volatile one the whole salt volatilises, whilst if the
acid be not volatile it is left behind, and the ammonia escapes.
Thus ammonium sulphate, ammonium chloride, and am-

1 For the properties of ammonia, see R. and L., pp. 163-69.
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monium carbonate, which are all formed from volatile acids,
volatilise completely when heated, whereas ammonium phos-
phate, (NH),HPO,, leaves a residue of phosphoric acid,—

(NH,),S0,=2NH, + H,S0,,
(NH,),HPO, = 2NH, + H,PO,.

Ammonium nitrate and a few other ammonium salts undergo
a different decomposition, the hydrogen being oxidised by the -
oxygen of the acid radical present, and an oxide of nitrogen or
free nitrogen produced (p. 207).

All attempts to prepare a substance having the composition
of ammonium, NH,, have so far failed. Processes which yield
the metals when they are carried out with salts of potassium
and sodium only yield a mixture of ammonia and hydrogen
when they are applied to ammonium salts. These salts, how-
ever, show one very interesting reaction, which was for a long
time thought to be due to the isolation of the group NH,.
When a small piece of sodium amalgam 1s placed in a basin
in a saturated solution of ammonium chloride the mercury
swells up in a remarkable manner, forming a soft, buttery,
metallic mass, which smells strongly of ammonia, and gradually
evolves a mixture of this gas with half its volume of hydrogen.
Some chemists consider that this is an amalgam of mercury
and ammonium, the sodium of the sodium amalgam having
been simply replaced by ammonium, NH,, whilst others regard
it as simply a frothy mass of mercury.

No oxide of ammonium is known, and no hydroxide,
NH,OH, corresponding with sodium hydroxide, NaOH, has
ever been obtained in the pure state. A solution of ammonia
in water, however, acts in many respects like one of sodium
hydroxide, and produces precipitates of the metaliic hydroxides
of many metals, just as does this substance. Thus solutions
of caustic soda and of ammonia in water have the same effect
on a solution of ferric chloride, a reddish-brown precipitate of

ferric hydroxide being produced in both cases,—
3NaOH + FeCl, = 3NaCl + Fe(OH),

rgr

3NH,OH + FeCl, = 3NH,Cl + Fe(OH),.

A solution of ammonia in water is therefore generally re-
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garded as containing ammonium hydroxide, NH,OH. Such
a solution, however, gives off all its ammonia when it is boiled
for some time, the hydroxide being very unstable.

EXPERIMENT 84.—To separate portions of a dilute solution

of ferric chloride add (1) caustic soda solution ; (2) am-
monia solution. In both cases a reddish-brown pre-
cipitate of ferric hydroxide is produced.

All the ammonium salts are decomposed when they are
heated with caustic soda, both in the dry state and in solution,
ammonia being evolved, and this constitutes the best test for
the presence of the ammonium group,—

NaOH + NH,Cl=NaCl + NH, + H,0.

EXPERIMENT 85.—Heat a solution of ammonium chloride
with caustic soda solution,—ammonia is evolved, and
may be recognised by its action on red litmus paper,
and its smell.

Ammonium Sulphate, (NH,),80O,—This salt is pre-
pared from the ammoniacal liquor which is obtained in the
distillation of coal, and contains a portion of the nitrogen
of the coal in the form of salts of ammonium. The liquor is
distilled with Iime and the resulting ammonia passed into
sulphuric acid, the sulphate which separates out being after-
wards recrystallised. It forms large transparent crystals of the
same form as those of potassium sulphate, and is easily soluble
in water. The salt 1s used as the source of the other ammonium
salts, but chiefly as a manure. Plants do not as a rule make
direct use of nitrogen which is supplied to them as ammonia
or ammonium salts, but take up the nitrogen after it has
been converted into the form of nitrates, The whole of the
ammonia of the ammonium sulphate which is added, rapidly
undergoes nitrification in the soil before it is utilised by the
plant (p. 186). Chih saltpetre, NaNO,, which contains the
nitrate ready formed, is now much used instead of ammonium
sulphate.

Ammonium Persulphate, (NH,),S,0O..—When a solu-
tion of ammonium sulphate is electrolysed (p. 298) in presence
of dilute sulphuric acid, the ammonium sulphate undergoes
oxidation at the positive pole with formation of ammonium
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persulphate. If this be allowed to mix freely with the liquid
it is again reduced, but if the positive pole be surrounded by a
porous pot this 1s prevented and the new salt can be obtained
in the crystalline form. It is very soluble in water, and is
largely used as an oxidising agent. Many other salts of
persulphuric acid are known, although the free acid cannot be
obtained pure. DBoth the barium and lead salts are soluble in
water,

Persalts.—It has been found that the salts of many acids
undergo oxidation when submitted to electrolysis in the same
way as ammonium sulphate. Thus potassium carbonate K,CO,
yields potassium percarbonate, K,C,O, and sodium borate
NaBO, yields sodium perborate NaBO, (or Na,B,0,). All
these substances are strong oxidising agents and are used for
bleaching purposes. They are to be regarded as derivatives of
hydrogen peroxide, in the same way as the unoxidised salts are
derivatives of water, as shown by the following formulae,—

H.-O.H = K.0.50,(0K) OH . 0.SO,(0K)
OH * O-S0,0K)
Water. Potassium Sulphate. Hydrogen Potassium
Peroxide. Persulphate.

Some of the persalts can in fact be prepared from hydrogen
dioxide or yield it when decomposed with dilute acids.

A strongly oxidising liquid, known as Caro’s acid, is obtained
when a persulphate is dissolved in concentrated sulphuric acid.
It contains an acid of the formula H,S,0,.

Ammonium Sulphide. —Ammonia gas unites with an
equal volume of sulphuretted hydrogen to form the /Aydrosui-
phide, NH,HS, which is a white amorphous solid,—

NH, + H,S-- NH,HS.

The normal sulphide, (NH,),S, can be prepared by the
action of an excess of ammonia on sulphuretted hydrogen
at a low temperature, and forms colourless volatile crystals.
When sulphuretted hydrogen is passed into a strong solution
of ammonia, a mixture of the sulphide and hydrosulphide is
formed, which usually also contains a little ammonium hy-
droxide. This is the solution which is used in the laboratory as
ammonium sulphide. When this is allowed to stand exposed
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to light, sulphur is liberated, a portion of the sulphuretted
hydrogen being oxidised by the oxygen of the air,—

:H25+ DE=2HL,D+ TS

This, then, unites with the ammonium sulphide to form a
yellow solution containing compounds rich in sulphur, such as
(NH,),S,. Yellow ammonium sulphide solution can also be
prepared by warming the colourless sulphide with flowers of
sulphur. Acids at once decompose the sulphide, sulphuretted
hydrogen being evolved, whilst if an excess of sulphur be pre-
sent this is precipitated.

EXPERIMENT 86. — Warm some colourless ammonium
sulphide solution with flowers of sulphur,—a deep
brownish-yellow coloured solution is produced. Add
an excess of acid,—sulphuretted hydrogen is evolved
and sulphur precipitated.

Ammonium sulphide is much used in the laboratory as a
reagent. Thus it is employed to separate the sulphides of
arsenic, antimony, and tin, which readily dissolve in it, from
those of copper, mercury, bismuth, and cadmium, which are in-
soluble in it, It is also used to precipitate the sulphides of iron,
nickel, cobalt, zinc, and manganese, which are not precipitated
by sulphuretted hydrogen in presence of hydrochloric acid.

Ammonium Nitrate, (NH,)NO,.—This salt 1s formed by
passing ammonia into nitric acid and carefully evaporating the
solution. It forms colourless crystals, and is very soluble in
water, a large amount of heat being absorbed during the process
of solution. It melts when heated, and then decomposes, the
hydrogen of the ammonium radical being oxidised by part
of the oxygen of the acid radical and nitrous oxide formed,—

NH,NO,=N,0 + 2H,0.

Ammonium nitrate is a very vigorous oxidising agent, and
since it is entirely converted into gaseous or liquid products on
decomposition, is used as a constituent of some explosives.

EXPERIMENT 87.—Neutralise 25 cc. of dilute ammonia solu-
tion (1 vol. strong ammonia to 1 vol. water) with nitric acid
(1 vol. strong acid to 1 vol. water), and evaporate over a
flame until three-fourths of the liquid have been removed,
and then over a water-bath until the residue solidifies on
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cooling. Heat some of the residue in a porcelain basin
until it melts, and then cautiously add a small fragment
of charcoal; a vivid combustion ensues, the charcoal
burning at the expense of the oxygen of the nitrate.
Ammonium Nitrite, NH NO,—This salt is prepared
by the action of nitrous fumes on ammonium carbonate, and is
extremely unstable, and explodes when it is heated. Its
solution in water decomposes when it is boiled, nitrogen being
evolved,—

NH,NO,=N, + 2H,0.

This decomposition is quite analogous to that which am-
monium nitrate undergoes when heated. Pure nitrogen can
be prepared by means of this reaction, but it is not necessary
for this purpose to prepare pure ammonium nitrite, since
nitrogen is evolved when a mixture of ammonium chloride and
potassium nitrite i1s dissolved in water and the solution heated.

Ammonium Carbonate.—The commercial substance
known by this name is also termed sa/ wolatile and sesqui-
carbonale of ammonia, 1t is prepared by heating a mixture of
two parts of chalk and one of ammonium sulphate. The pro-
duct sublimes as a white mass, which is in reality a mixture of
ammonium bicarbonate, (NH,)HCO,, and a salt known as
ammonium carbamate, N, H.CO,. It is, however, converted
by treatment with strong ammonia into the normal carbonate,
(NH,),CO,. Both the carbonate and the bicarbonate decom-
pose when their solutions are heated, ammonia and carbonic
acid gas being evolved. Hence the ammonium salts are
decomposed when they are boiled with sodium carbonate
solution, ammonium carbonate being first formed and then
decomposed.

EXPERIMENT 88.—Add sodium carbonate to a strong solu-
tion of ammonium chloride, warm and test the gas which
is evolved for ammonia (by litmus) and for carbonic acid
gas by decanting the gas into a test-tube containing
lime-water.,

Ammonium Chloride or Sal Ammoniac, NH CIl.
This salt is manufactured by passing the ammonia evolved
when ammoniacal liquor is distilled with lime into hydro-
chloric acid, and is purified by sublimation. The crude salt
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is heated for this purpose in an iron vessel and sublimes on to
the cover, which can be removed when the operation is finished.
The salt can also be obtained by heating a mixture of am-
monium sulphate and sodium chloride, when ammonium
chloride sublimes.

EXPERIMENT 89.—Mix 10 grams. of ammonium sulphate
and an equal weight of common salt in a mortar ; place
the mixture in a small beaker, and heat the latter on
a sand-bath, placing a small basin containing water on
the top of the beaker to prevent the escape of fumes.
A white sublimate of ammonium chloride is formed on
the upper portion of the beaker, which can easily be
removed ; test the product obtained to show that it is
free from sulphuric acid, and that it volatilises com-
pletely when heated.

The chloride obtained by sublimation is in the form of fibrous
masses which are very difficult to powder. In order to reduce
these to a fine state of division it is best to dissolve the salt in
boiling water, and evaporate nearly to dryness, stirring the
mass throughout the operation.

Reactions of the Ammonium Compounds

In their behaviour towards reagents the ammonium salts
closely resemble those of potassium. Thus they give a yellow
precipitate of ammonium chloroplatinate, (NH,),PtCl,, with
chloroplatinic acid, which cannot be distinguished in appear-
ance from the potassium salt. The ammonium compounds,
however, can easily be distinguished from those of all the
other metals by the fact, which has been already mentioned,
that when they are heated with excess of caustic soda, either
in the dry state or in solution, ammonia gas is evolved, which
can be detected by its smell, by its action on moist litmus
paper, and by the white fumes of ammonium chloride which it
produces with fuming hydrochloric acid.

Dissociation

When ammonium chloride, NH Cl, is heated in a test-tube
it vaporises, forming a colourless gas, which condenses to a

]_J'
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white sublimate on the cooler portion of the tube, This
colourless gas does not, however, consist of the vapour of
ammonium chloride, but is a mixture of equal volumes of the
two gases, ammonia, NH., and hydrochloric acid, HCl, which
recombine on cooling to form the original salt. This has been
ascertained by determining the density of the vapour. If the
vapour consisted of molecules of ammonium chloride, NH ClI,
its density would be 26.7 (compared with hydrogen), whilst if
it were a mixture of equal volumes of ammonia and hydro-
chloric acid it would only be half as great. Experiment has
shown that it is actually 13.3. The fact that the vapour is in
reality a mixture of ammonia and hydrochloric acid has also
been confirmed by experiments on the diffusion of the vapour.
Ammonia has the density 8.5, and is therefore much lighter
than hydrochloric acid, the density of which is 18.2. Ammonia
therefore diffuses more rapidly than hydrochloric acid in the
inverse proportion of the square roots of the densities, or as
./18.2 1 /8.5, or nearly 3:2. The simplest way of showing
that this is actually the case is to heat some powdered am-
monium chloride strongly in a platinum crucible, loosely closed
by a lid. The ammonia diffuses out of the crucible more
rapidly than the hydrochloric acid, and consequently a piece of
moist blue litmus paper is at once reddened when plunged into
the crucible. A more complete method of demonstrating the
same fact is the following :— By means of two bored corks pass a
piece of the stem of a long clay tobacco pipe through a wider
glass tube containing some solid ammonium chloride at one
end, and a piece of blue litmus paper at the other. Heat the
glass tube until the ammonium chloride volatilises, and pass a
slow current of air through the pipe stem. The ammonia
diffuses through the walls of the pipe stem more rapidly than
the hydrochloric acid, and hence the current of air emerges
from the clay pipe laden with ammonia, which can easily be
detected by means of red litmus paper. On the other hand,
hydrochloric acid accumulates in the glass tube and turns
the blue litmus paper red.

If a compound decomposes when heated, and the simpler
substances thus produced recombine on cooling, the compound
is said to dissociafe when heated. Many other substances
than sal-ammoniac undergo dissociation in this way, among
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the most common being phosphorus pentachloride, PCl,, into
phosphorus trichloride and chlorine, PCl, and Cl,; nitrogen
peroxide, N,O,, into the simpler molecules NO, ; the molecule
of iodine, I, into the free atoms, I, etc. On the other hand
many substances decompose at high temperatures, but are not
reproduced when the products of decomposition cool down ;
such are ammonia, ozone, ammonium nitrate, hydrogen per-
oxide, etc.

The various stages of dissociation can be best studied in
the case of gaseous substances, which also yield gaseous pro-
ducts of decomposition. When a gas which is capable of
undergoing dissociation is heated and its density determined
at regular intervals of temperature, it is found that the density
of the gas, compared with air or hydrogen at the same tem-
perature, remains constant up to a certain point, after which it
becomes less, at first slowly, and then more quickly. Finally,
it gradually becomes constant again, but is much lower than at
first. This is due to the gradual decomposition of the mole-
cules of the gas. At first only a few molecules are decom-
posed, but the number gradually increases until the dissociation
is complete.

We have seen that in the case of ammonium chloride, which
dissociates into two different substances, ammonia and hydro-
chloric acid, the two gases can be separated by their unequal
rates of diffusion. Many substances, however, do not yield
two different substances on dissociation, but decompose, so
that each molecule of the original substance yields two simpler
molecules precisely similar to each other, but having only half
the weight of the original molecule. Thus the vapour of iodine
has the density 126.9, corresponding with the molecular formula
I,, up to the temperature 700°. Above this temperature, how-
ever, the density gradually becomes less, but again becomes
constant at about 1500° at which temperature it has the value
63.45, corresponding with the molecular weight 126.9 and the
molecular formula I. Each molecule of iodine has been
decomposed into two less complex molecules, each consisting
of a single atom of iodine. This change is represented by
the equation,—

z vols. 2 vols. 2z vols.

S B e
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In such cases the fact that dissociatiori has occurred is often
rendered evident in some other way in addition to the decrease
in density. Thus nitrogen peroxide, at temperatures above
140°, has the density 23, corresponding with the molecular
weight 46 and the formula NO,. As the gas cools, however,
its relative density increases, until at a temperature a little
above that at which it condenses into a liquid it becomes 41.4,
almost double its original value. At this temperature, there-
fore, the gas is a mixture of a large number of molecules
having the molecular formula N,O,, with a few having the
simpler formula NO,. The following table shows the density
of the gas at various temperatures, together with the percentage
of molecules of N,O, and NO, present in it :—

Percentage.
Temp. Density. NOs NaOy
27° 41.4 20 8o
60" 34.5 50 50
ioo” ~27.8 79 4
135" 23.2 00 . 1
140° 23°0 100 o
250° 23.0 100 o

In this case the change in density is accompanied by a very
marked change in colour. At low temperatures, at which the
relative density is comparatively high, the gas has the well-
known light brown colour. As the temperature rises and the re-
lative density decreases, the colour becomes very much darker,
until at about 100° the gas is almost opaque. On cooling
again it goes through the inverse change, and becomes lighter
in colour. This can be readily demonstrated by sealing up
about 25 cc. of the gas in each of two similar tubes, heating
one of them while the other is allowed to remain at the ordinary
temperature, and comparing the colours of the hot and cold
specimens.

SUMMARY

The substances tormed by the combination of armmonia with acids are
salts of the compound radical ammonium, NH,, which has never itself
been isolated, but plays the same part in these salts as an atom of sodium
or potassium in the salts of these metals, :

All the ammonium salts are decomposed by alkalis with evolution of
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ammonia, and they all decompose when they are heated. In their other
properties they resemble the salts of potassium.

When a substance decomposes on being heated into simpler substances,
which reunite on cooling, it is said to dissociate when heated. The fact
that dissociation occurs can be ascertained, when the products are gaseous,
by determining the relative density of the gas formed. It is, moreover,
often rendered evident by changes of colour, or by the unequal rates of
diffusion of the new substances which are produced.

EXERCISES ON LEssoN XXI

1. From what sources can ammonia be obtained? Describe the manu-
facture of ammonium sulphate.

2. Why are the substances formed by the combination of acids with
ammonia called the ammonium salts ?

3. What happens when the following salts are heated : ammonium
chloride, sodium chloride, ammonium phosphate, ammonium nitrate,
potassium nitrate, ammonium nitrite ?

4. How is ammonium sulphide prepared, and for what purposes is it
used in the laboratory? Why does it become yellow when kept for
somne time ?

5. How would vou detect the presence of potassium chloride in a
mixture of the chlorides of sodium, ammonium, and potassium ?

6. How would you prepare (1) ammonium chloride, (2) ammonium
nitrate from ammonium sulphate ?

7. What 1s meant by dissociation? How can it be proved that the
vapour produced when phosphorus pentachloride is heated is a mixture of
the vapour of phosphorus trichloride with chlorine ?

8. Describe the variations in density which occur when iodine vapour
is heated. How are these to be interpreted ?



LESSON XXII
THE METALS OF THE ALKALINE EARTHS
CaALciuM, Ca, 40.00. STRONTIUM, Sr, 87.63. BARIUM, Ba, 137.37

SEVERAL substances were classed together by the older
chemists as earths, because they were all soft, earthy sub-
stances, insoluble in water, infusible and incapable of yielding
a metal when treated by any process then known, These
substances originally comprised limestone and lime, between
which no distinction was at first made, magnesia, alumina,
and silica, to which were added at a later date strontia and
baryta. It was also observed that some of these substances
had an alkaline reaction, and in other respects resembled the
well-known fixed alkalis, and hence lime, strontia, and baryta,
together with magnesia, were known as the alkaline eartis.
These alkaline substances had never been decomposed, and
passed as elements until Davy applied to them the methods he
had used in isolating potassium and sodium, and succeeded in
proving that they were all the oxides of metals, which were
hence called the metals of the alkaline earths. Magnesium is
no longer classed with calcium, strontium, and barium, because
it more closely resembles zinc, although, as we shall see later
on, it presents many points of similarity to the metals of the
calcium group.

Calcium, strontium, and barium form a very well marked
family or group of elements. They all possess similar general
properties, but there is a decided gradation in properties as
the atomic weight increases, strontium and its compounds
being intermediate in many respects between calcium and
barium. An important point, to which special attention should
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be paid, is the difference between the solubilities of the
corresponding salts of the three metals, which is of great
practical importance, especially for their analytical detection
and separation.

The metals themselves are by no means easy to prepare,
and, since they are not manufactured on the large scale, are
less frequently met with than many others of which the com-
pounds are much less widely distributed.

Metallic Calcium, Strontium, and Barium

Metallic Calcium is obtained by the electrolysis of fused

calcium chloride,—
CaCl,=Ca + Cl,.

Sometimes calcium fluoride is added to the chloride because
the mixture melts at a lower temperature than the pure chloride,
but this is not essential. An iron rod is used for the negative
pole (see p.298) on which the metal is deposited and this is
gradually raised as the electrolysis proceeds, drawing with it
the adhering calcium, which is protected from the action of the
air by the layer of fused chloride with which it is covered. Itis
made in this way on a fairly large scale and is sold at about a
shilling per ounce, but has never found any important technical
application. It is a silver-white metal of specific gravity 1.53,
melts at about 800° and is malleable and somewhat harder
than lead.

When thrown into water it decomposes it slowly with
evolution of hydrogen and formation of calcium hydroxide,—

2H,0 + Ca=Ca(OH), + H,.

It 1s converted into the oxide by moist air, and when heated
in the air takes fire and burns brilliantly, forming calcium
oxide (quicklime), CaO,—

2Ca 4 D:a = 2Ca0.

Like magnesium (p. 239) it readily unites with nitrogen at a
dull red heat to form the nitride, Ca,N,, which is decomposed

by steam, forming ammonia and the hydroxide,—
Ca;N, + 6H,0 = 3Ca(OH), + 2NH,,
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As calcium combines with both oxygen and nitrogen it has
been used to remove these gases from air for the isolation of
argon and the allied gases (p. 432). It also combines with
hydrogen at a dull red heat forming a crystalline hydride,
CaH,, which resembles sodium hydride in properties (p. 159).

Metallic Strontium and Barium are prepared in a
similar manner to calcium, and behave like it towards water
and oxygen. The specific gravity of strontium i1s 2.5, and
that of barium 3.8.

Equivalents and Atomic Weights. — These three
metals yield no volatile compounds, and their atomic weights
have therefore been decided by a study of their specific heats
and of the isomorphism of their compounds.

The equivalents of the three metals have all been deter-
mined in a precisely similar manner to those of sodium and
potassium (p. 151) by the analysis of the chlorides and
bromides, whilst that of calcium has also been determined
by the conversion of the carbonate into oxide at a high
temperature. It has thus been found that the equivalents of
the metals are,— ;

Calcium . ; : ; . 20.045
Strontium . ; . .  43.815
Barium . A : . . 68.685

The atomic weights of calcium and barium bhave been
settled by the determination of the specific heats of these
metals. Calcium has the specific heat o.17, and therefore

must have the atomic weight ;% = 37.6. Since 20,045 X 2=
40.09, this last number is taken as the correct atomic weight
of the metal. The atomic weight of calcium 1is, therefore,
twice its equivalent, so that the atom of calcium is bivalent
and replaces two atoms of hydrogen.

All the salts of calcium are formed in this way from the
corresponding acids, as is seen from the following list of a few

of the most important of them,—
Calcium chloride, CaCl, Calcium sulphate, CaSO,
Calcium chlorate, Ca(ClO,), Calcium phosphate, Ca,(PO,),.

Exactly the same considerations hold for barium, the
specific heat of which is o.05.
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The atomic weight of strontium has not been decided in
quite the same way as those of calcium and barium, because
the metal has not been obtained in a sufficiently pure state for
the accurate determination of its specific heat. In the absence
of this it has been necessary to make use of other methods
depending on the specific heat of strontium chloride (p. 132),
and on the isomorphism of the strontium salts with those of
calcium and barium (p. 146), both of which have already been
~ discussed. From these it follows that the atomic weight of
strontium is 87.63, and that, like calcium and barium, this
element is bivalent.

The Compounds of Calcium

The name of this metal is derived from the Latin calr,
lime. The compounds of calcium are even more plentiful
than those of sodium and are almost as widely diffused.
Calcium is a constituent of a large number of the silicates
which occur in igneous rocks, by the decomposition of which
the soil 1s produced, and it is therefore present in soil, whence
it passes into the systems of plants and animals, for both of
which it is one of the necessities of life. In the animal
organism it occurs chiefly as phosphate in the mineral matter
of the bones and teeth. Calcium also occurs to a very large
extent as carbonate, CaCO, (p. 220), and sulphate, CaSO,
(p. 222), as well as in the minerals fluorspar, CaF,, and apatite
3Ca,(PO,), + CaF,.

Calcium Ozxide, Quicklime, CaQO, and Calcium
Hydroxide, Slaked Lime, Ca(OH), — Quicklime or
calcium oxide is made on the large scale from calcium
carbonate, which decomposes when it is strongly heated into
carbon dioxide and quicklime,—

CaCQ,=CaO0 + CO.,,.

This decomposition is usually carried out in lime-kilns, in
which the lumps of limestone are piled up with coal in such a
way as to leave passages for the supply of air to the fuel. The
coal is then set fire to and the heat evolved in its combustion
is sufficient to bring about the decomposition of the limestone,
the carbon dioxide passing off along with the products of com-
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bustion. This process is sometimes called burning limestone,
the word durning being used in the sense of strongly heating.

The decomposition of calcium carbonate into lime and car-
bon dioxide is another example of a reversible reaction (p. 30),
which differs from those already considered by the fact that
the original substance and one of the products are solids,
When calcium carbonate is heated at a fixed temperature in a
closed space, it is not completely decomposed. Decomposi-
tion only goes on until a certain definite pressure of carbon
dioxide i1s produced and the value of this depends on the
temperature, Thus at 740", the pressure thus produced is
255 mm. of mercury. Under these conditions the decom-
position of the carbonate into lime and carbon dioxide is going
on at exactly the same rate as the recombination of carbon
dioxide and lime to form calcium carbonate, and a state of
equilibrium exists,—

CaCO,—CaO 4 CO,,

If the temperature be raised, further decomposition occurs ;
if it be lowered, more of the carbonate is produced. When
the carbon dioxide is allowed to escape the decomposition
becomes complete, because the pressure of carbon dioxide is
thus kept below the equilibrium value and the decomposition
therefore continues,

Pure lime is prepared by strongly heating a pure variety of
calcium carbonate, such as Iceland spar (p. 221), in a crucible
in which it i1s protected from the direct action of the flame.

Quicklime 1s a white amorphous mass, which can only be
melted in the electrical furnace. It very readily combines
with water to form calcium hydroxide, Ca(OH),, usually
known as slaked lhme, a very considerable amount of heat
being evolved,—

CaO + H,0 = Ca(OH),.

The quicklime breaks up and falls to a white powder of the
hydroxide, which can be dried at 100" without losing any of
the combined water, although the latter is driven off at a.red
heat, quicklime being again formed. If the lime contain a
large proportion of magnesia, it does not slake well. When
slaked lime is stirred up with water a white opaque liquid is
obtained which 1s known as milk of lime. A thick paste of
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slaked lime and water mixed with sand and hair is used as
mortar and plaster for building purposes. The mortar first
loses moisture and sets to a firm mass, which afterwards becomes
gradually harder, owing chiefly to the absorption of carbonic
acid gas from the air, calcium carbonate being produced.

100 grams. of water at 10" dissolve 0.14 gram. of slaked
lime, whilst at 100° they only dissolve 0.07 gram., slaked lime
being less soluble in hot than in cold water. The solution is
known as lime-water, and has very similar properties to a
solution of caustic soda of corresponding strength. It absorbs
carbonic acid gas from the air and precipitates metallic
hydroxides from their salts in precisely the same way as
caustic soda. Since calcium carbonate i1s insoluble in water
it 1s precipitated when carbonic acid gas is passed into lime-
water, and hence the latter forms an excellent reagent for the
detection of this gas; this precipitate, however, dissolves in
excess of carbonic acid, giving rise to temporarily hard water.

Calcium hydroxide is precipitated as a white amorphous
mass when a solution of caustic soda i1s added to a strong
solution of calcium chloride, or nitrate, more of the hydroxide
being produced than can be held in solution by the water
present,— '

CaCl, + 2NaOH = Ca(OH), + 2NaCl,

EXPERIMENT 9o.—1. Examine the behaviour of lime-
water towards solutions of copper sulphate, ferric chloride,
and sodium carbonate, and compare the effects with
those produced by a solution of caustic soda prepared by
adding 1 cc. of a 10 per cent solution to 100 cc. of water.
Add an excess of caustic soda solution to a strong
solution of calcium chloride—a white precipitate of the
hydroxide is produced, which readily dissolves in a large
amount of water and in dilute acids.

Slaked lime is not only used for mortar, but also for the
manufacture of bleaching powder and caustic soda, and in
agriculture as a top dressing.

Calcium Chloride, CaCl,.—This salt is prepared in the
anhydrous state by dissolving the carbonate in hydrochloric
acid, evaporating to dryness, and fusing the residue. It
very readily takes up moisture and deliquesces when exposed

(8]
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to moist air.  On this account it 1s used for drying gases, but
cannot, be employed for ammonia, since it unites with this
substance. It dissolves in water with great evolution of heat,
and forms a solution which deposits needle-shaped crystals of
CaCl,+6H,0 on evaporation. Calcium chloride is readily
soluble 1n alcohol.

EXPERIMENT 91.—Treat 25 grams. of marble with 5o
cc. of concentrated hydrochloric acid, * filter, and
evaporate until a film of solid salt is formed on the
boiling liquid. Allow to cool, filter, and drain the
resulting crystals of CaCl, + 6H,0.

Calcium bromide and iodide are very soluble salts which

closely resemble the chloride.

Bleaching Powder, CaOCIl, i1s manufactured on the
large scale, as already described (p. 176). When it is dissolved
i water it yields a mixture of calcium chloride and calcium
hypochlorite,—

2Ca0Cl, = CaCl, + Ca(OCl),,

The solid powder, however, has not the properties of a
simple mixture of these two salts, and ‘it 1s more probable
that it has the constitutional formula Cl.Ca.OCL

For bleaching purposes a weak solution is employed, into
which the fibre to be bleached is placed, usually after a pre-
liminary treatment with alkali. The hypochlorite of the
bleaching powder solution acts as an oxidising agent on the
colouring matter and is thereby reduced to chloride. A much
more energetic action 1s obtained by adding acid, or, as is
usually done, transferring the fibre into an acid bath. The
whole of the chlorine of the bleaching powder is thus liberated,
the hydrochloric and hypochlorous acids first formed reacting
with formation of water and chlorine,—

1. CaCl, + Ca(OCl), + 2H,50,=2CaS0O, + 2HCl + 2HOCI.
2. HCl+ HOCl=H,0 + Cl,.

Calcium Carbonate, CaCO,.—This salt occurs to a very
large extent in nature and in a great variety of different forms.
Whole mountain ranges are composed of this substance in the
forms of limestone, chalk, and marble, and it also occurs as
the minerals calc-spar and arragonite. These two minerals have
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the same composition, but differ completely in crystalline form,
specific gravity, and other properties, and calcium carbonate is
hence said to be dimorphous (p. 143).

The purest form of calc-spar i1s known as Jeeland spar, and
is found in transparent crystals of the hexagonal system, having
the shapes shown in Figs. 18 and 41. These
crystals show the phenomenon of double re-
fraction very clearly, and are used for making
optical apparatus. Arragonife, on the other
hand, crystallises in the forms of the rhombic
system shown in Fig. 42, and is identical in
form with the crystals of the carbonates of
strontium and barium.

Chalk consists of the skeletons of minute sea
animals known as foraminifera, which have the
power of taking up calcium carbonate from
solution in water, and thus making for them-
selves bony skeletons which remain after the
death of the organism and the decay
of the organic part, and gradually
accumulate at the bottom of the sea.
In this way the enormous deposits
of chalk in the south of England and
elsewhere have been formed, and the
characteristic shape of the foramini-
feral remains can easily be recognised
under the microscope. Chalk is soft
and porous, and contains a large
amount of water, whereas Zimestone,
which was probably originally formed
in a somewhat similar manner, is much
more compact and contains very little
water. Marble has probably been Fig. 42.
formed by the action of great heat
and pressure on limestone, and is much more distinctly crystal-
line than the latter.

When calcium carbonate is strongly heated it decomposes
into quicklime and carbon dioxide, as already described. The
nature of this change was first explained by the celebrated
Scottish chemist, Joseph Black. It was known that calcium

Fig. 41-
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carbonate acquired caustic properties when it was heated in
the fire, but it was thought that this was due to the absorption
of fiery particles, which gave to it its burning taste and violent
effect on the skin. Black, however, proved that what actually
happens is that carbon dioxide is evolved, and that the caustic
lime which is left only differs from the carbonate in composi-
tion by the absence of this gas.

Calcium carbonate is almost insoluble in pure water, but
easily dissolves in a solution of carbonic acid gas in water, the
bicarbonate, Ca(HCO,),, being probably formed,—

CaCO, + H,0 + CO, = Ca(HCO,)

As already explained, this is the cause of the temporary
hardness of water (R. and L., p. 123).

EXPERIMENT 92.—Pass a rapid current of carbon dioxide
into 10 cc. of lime-water diluted with an equal volume
of water; a precipitate of calcium carbonate 1s formed
which finally redissolves. Divide the clear solution into
two parts. '

1. Heat to boiling—calcium carbonate is precipitated.

Add lime-water—a white precipitate of calcium carbonate
1s produced.

The form of calcium carbonate, known as precipitated chalk,
is prepared by adding ammonium carbonate to a solution of
calcium chloride and washing and drying the precipitate.

Calcium Sulphate, CaSO,, occurs very widely as a
mineral in the form of gypsum or selenite, CaSO, + 2H,0, in
flat crystals which can easily be split up into thin plates.
Gypsum is slightly soluble in water, 100 parts of which dissolve
about o.21 gram. of gypsum at the ordinary temperature,
and, like slaked lime, dissolves more readily in cold water than
in hot. Its solubility, however, is so slight that it i1s precipitated
whenever a sulphate is added to a strong solution of a calcium
salt. It dissolves much more readily in dilute acids, even in
acetic acid, than in water.

EXPERIMENT 93.—To 10 cc. of a 20 per cent solution_of
calcium chloride add dilute sulphuric acid — a thick
crystalline precipitate of calcium sulphate is formed.
Add a few drops of the turbid liquid to 1o cc. of water
and shake—the precipitate dissolves.

S48

b



LESSON XXII SULPHIDES OF CALCIUM 223

This salt, as well as magnesium sulphate, is one of the chief
causes of the permanent hardness of water. When gypsum is
heated it loses about three-quarters of its water, and is converted
into plaster of Paris (so called from the fact that gypsum occurs
in large quantities in the Paris basin). When this is mixed
with water and allowed to stand, it rapidly sets solid, becoming
reconverted into gypsum, the interlacing crystals of which form
a hard mass. Itis on this account largely used for making
casts and as a cement.

Sulphides of Calcium.—Calcium i1s not precipitated
when ammonium sulphide 1s added to a solution of a calcium
salt, because the hydrosulphide, Ca(SH),, which is formed is
soluble in water. The wnormal sulphide, CaS, on the other
hand, is insoluble in water and is formed when calcium sulphate
is strongly heated with carbon,—

CaSO, + 4C=CaS + 4CO.

It is a white mass, which, after exposure to sunlight, gives
out a bluish-white light when placed in the dark, and has
therefore been used as a luminous paint. Calcium sulphide
forms the greater part of the *alkali-maker’s waste,” produced
in the manufacture of soda-ash by the Le Blanc process
(P 1';?2).

When milk of lime is boiled with sulphur a deep red
solution is formed, which contains a number of complex sul-
phides and oxy-sulphur compounds of calcium.

Calcium Nitrate, Ca(NO,),, is a deliquescent salt pro-
duced by dissolving the carbonate in nitric acid and evaporating.
It is insoluble in absolute alcohol. When heated it decomposes
into lime, oxygen, and nitrogen peroxide.

It is now largely used as a nitrogenous fertiliser, and is
manufactured from calcium carbonate and nitric acid produced
from atmospheric nitrogen by an electrical process (p. 306).

Phosphates of Calcium.—The normal and monacid
phosphates of calcium, strontium, and barium are insoluble in
water, whereas the diacid salts are soluble. Hence ordinary
sodium phosphate gives a precipitate with calcium chloride,
which dissolves in acids, whilst sodium dihydrogen phosphate
gives no precipitate.

Normal Calcium Phosphate, Ca,(PO,), occurs, as
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already mentioned, mm many mineral deposits and in bones
(p. 76). It is insoluble in water, but dissolves in water con-
taining common salt or ammonium chloride. It is in this
way that the calcium phosphate of the soil i1s brought into
solution before its absorption by plants, which derive their
phosphorus from it.

The soluble acid phosphate, CaH (PO,),, is made by treat-
ing burnt bones with sulphuric acid,—

Cay(PO,), + 2H,S0, = CaH (PO,), + 2CaSO,.

The resulting mixture of phosphate and sulphate 1s known
as superphosphate, and is largely used as an artificial fertiliser
to supply phosphorus in a soluble form to the plants.

Calcium Carbide, CaC,, is now largely employed for the
production of acetylene and i1s manufactured on the large scale
by heating lime or limestone with coke or anthracite coal in
the electrical furnace (p.z07),—

Ca0 + 3C = CaC, + CO.

The pure carbide is a white mass, which is rapidly de-
composed by water with evolution of pure acetylene,—

CaC,+2H,0 =Ca(OH), + C,H,.

EXPERIMENT 94.—Drop a piece of calcium carbide about
the size of a bean into a basin of water, and bring over
it a jar filled with water—acetylene is evolved. The gas
burns with a brightly luminous smoky flame.

Calcium Cyanamide, CaCN,. When calcium carbide
is heated in nitrogen, a reaction takes place with evolution of
heat which results in the absorption of the nitrogen and the
formation of calcium cyanamide and carbon,—

CaC, + N,= CaCN, +C,

Pure nitrogen is obtained either by passing air over heated
copper or by the fractionation of liquid air, and is introduced
under pressure into furnaces in which powdered calcium carbide
is electrically heated to about 800°, A hard mass resembling
coke in appearance is produced, and this is ground and forms
the commercial calcium cyanamide or, as it is called, z#ifroline.

This material is of very great value as a nitrogenous fertiliser.
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When it is brought into the soil, it gradually decomposes,
forming calcium carbonate and ammonia,—

CaCN, + 3H,0 =CaCO, + 2NH,,

The nitrogen of the air 1s thus made available as a plant
food in the form of ammonia, and this process forms one
solution of the great agricultural problem, how to obtain a
cheap and inexhaustible supply of nitrogen in a form assimil-
able by plants (see also p. 306).

Calcium Oxalate, CaC,0, is one of the least soluble
salts of calcium, and is precipitated when a soluble oxalate is
added to a solution of a calcium salt. It dissolves in strong
acids, such as hydrochloric and nitric acids, but is insoluble in
acetic acid. When gently heated it loses carbon monoxide
and is converted into the carbonate, which decomposes at a
higher temperature, forming quicklime,—

CaC,0,=CO + CaCO,.

Detection of Calcium.—Calcium is usually detected by
the formation of the insoluble carbonate and oxalate. When
its salts are strongly heated on charcoal, lime i1s left as an
infusible white mass, which glows brightly when heated. The
compounds of calcium when moistened with hydrochloric acid
and heated mn the Bunsen flame, colour it brick red. The
sulphate should for this purpose be first heated in the reducing
flame, which converts it into the sulphide, and this should
then be moistened with hydrochloric acid, which converts it
into the chloride, and heated in the flame (see Spectrum
Analysis).

The Compounds of Strontium

The name strontium is derived from Strontian, a village in
Argyllshire, where a mineral containing strontium was first
discovered in 1790. This mineral is called strontianite, and
consists of strontium carbonate, whilst the sulphate is also found
and is known as cwlestine from its blue colour. Strontium
compounds also occur in small quantities in various minerals
containing calcium and barium, such as arragonite and heavy
spar, many of the compounds of these three elements being

Q



226 THE METALS OF THE ALKALINE EARTHS LESSON XXII

isomorphous. The compounds of strontium, however, do not
play any important part in the animal or vegetable organism,
and are much less widely diffused than those of calcium and
barium.

Strontium Oxide, Strontia, SrO, is best obtained by
heating the nitrate. Like lime it readily combines with water

to form the Aydrovide, St(OH),, which is rather more soluble.

than slaked lime, but less soluble than baryta, and acts as a
strong alkali.

Strontium Carbonate, Strontianite SrCO,, crystal-
lises in the same form as arragonite, with which it often forms
isomorphous mixtures.

Strontium Sulphate, SrSO,, is known as ccelestine, and
occurs in pecubar fibrous masses. It is less soluble in water
than calcium sulphate, 100 cc. of water only dissolving o.1
gram. of the salt, and is therefore almost completely precipitated
when a soluble sulphate is added to a solution of a strontium
salt. It is converted into carbonate when it is fused with
sodium carbonate (p. 228}, and even when 1t is simply boiled
with a solution of the same salt.

Strontium Chloride, SrCl, 4+ 6H,0, is prepared by dis-
solving the carbonate in hydmch]urlc acid and Evapﬂratmg
the solution. It differs remarkably from calcium chloride in
being efflorescent instead of deliquescent, and In being
much less readily soluble in water ; it also dissolves in absolute
alcohol,

Strontium Nitrate, Sr(NO,),+4H,0, is also an
efflorescent salt, and is prepared by dissolving the carbonate
in dilute nitric acid. The salt is insoluble in alcohol, and is
much used for the manufacture of fireworks on account of the
brilliant red colour which it imparts to the flame.

EXPERIMENT 95.—Add 20 grams. of strontium carbonate

to 40 cc. of dilute nitric acid (1 of acid to 3 of water),
taking care that some of the carbonate remains un-
dissolved ; filter, evaporate, and allow to crystallise.

Detection of Strontium.—Strontium can readily be
detected by the formation of the insoluble carbonate and
sulphate. The oxalate is soluble in acetic acid (distinction
from calcium), and the sulphate in hydrochloric acid (distinction
from barium). The most characteristic test for strontium is,
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however, the magnificent crimson coloration which is imparted
to the flame by the chloride and nitrate of the metal. The
test should be carried out in ‘the manner described under
calcium (see also Spectrum Analysis).

The Compounds of Barium

The first known compound of barium was the sulphate,
which was called /feavy spar on account of its great density.
When the corresponding earth or oxide was subsequently
obtained from heavy spar it was called baryta (from the Greek
word meaning heavy), whilst the metal received the name of
barium,

This element occurs chiefly in the form of sulphate, as heavy
spar, BaSO,, from which nearly all the other barium compounds
are prepared, and is also found as witherite, which consists of
barium carbonate, BaCO,.

Barium Oxide, Caustic Baryta, BaO, is obtained in a
similar manner to strontia by heating the nitrate,—

2Ba(NO,),=2Ba0 + 4NO, + O,.

It is a white mass, which resembles quicklime in its pro-
perties. When it is heated in the air or in oxygen, barium
dioxide 1s formed,—

2Ba0 + 03 = 2Ba0.,,.

This substance, again, decomposes at a higher temperature,
oxygen being evolved and baryta reproduced,—

2Ba0,=2Ba0 + O,.

These reactions are made use of for the isolation of oxygen
from the air in Brin’s process, as already described (R. and L.,
P 77%

Barium Hydroxide, Ba(OH), + 8H,0, is formed with
great evolution of heat by the action of water on baryta. It
is prepared on the large scale by heating barium carbonate in
a current of steam,—

]EH.CGE e II‘!D =z E:()', + l'}'{l(DH}J.

It forms yellowish crystals, 6.8 parts of which dissolve at
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20° in 100 of water, so that it is much more readily soluble
in water than slaked lime or strontium hydroxide, which it
resembles in its general properties,

Barium Dioxide or Barium Peroxide, BaO,.—This
substance is a grayish-white powder and, as described above,
decomposes into baryta and oxygen when it 1s strongly
heated.

When treated with dilute sulphuric acid 1t yields hydrogen

peroxide (R, and L., p. 99),—
BaO, + H,50,=BaS0O, + H,0,.

Barium Sulphate, BaSO,, occurs very widely as the
mineral heavy spar, and forms the source of most of the other
barium compounds. It is inscoluble in water and in hydro-
chloric and nitric acids, and hence it is necessary to adopt
special means in order to convert it into a soluble compound
of the metal. The method used is of great importance, because
it 1s universally employed for bringing into solution substances
which are insoluble in water and acids; whether for the
purpose of analysis or for the preparation of derivatives. This
method depends on the fact that when barium sulphate 1s
fused with an eacess of sodium carbonate the following reaction
occurs,—

BaSO, + Na,CO,=BaCO, + Na,SO,.

In order that this change may be effected completely the
barium sulphate must be present in a very finely-divided state,
and must be fused with a large excess of the carbonate.
A mixture of equivalent quantities of sodium and potassium
carbonates 1s generally used on the small scale for analytical
purposes, because it melts at a lower temperature than either
of the carbonates alone. The fused mass is extracted with
boiling water, which removes the unaltered alkali carbonate and
the sodium sulphate, leaving behind pure barium carbonate,
which can then be used for the preparation of other salts,

Barium sulphate and some other insoluble sulphates can
also be brought into solution by being heated with carbon or
some other reducing agent, whereby they are converted into
the corresponding sulphides, which are very readily attacked
by acids.
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Heavy spar forms crystals of the form shown in Fig. 43,
and is often found together w |th metallic ores. It has a
specific gravity of 4.5 and 1is
almost insoluble in water, 100 i
parts of which dissolve only b
0.0002 part of it at 15°. Both
the precipitated sulphate and
ground and purified heavy spar
are employed as a white paint,
but the artificial sulphate pre- :
cipitated from a cold solution
of barium chloride by sodium
sulphate is much superior as a paint to the powdered mineral.

Barium Chloride, BaCl, + 2H,0, is prepared by dis-
solving the carbonate in hydrochloric acid, and forms flat
crystals which neither deliquesce nor effloresce in the air, and
are insoluble in alcohol.

Barium Nitrate, Ba(NO,),, may be prepared by dissolv-
ing the carbonate in nitric acid or by mixing hot saturated
solutions of barium chloride and sodium nitrate (compare
the preparation of potassium nitrate, p. 188),—

BaCl, + 2NaNO, = Ba(NO,), + 2NaCl.

Fig. 43-

It is insoluble in alcohol and is used for the preparation of
green fire.

EXPERIMENT 96.—Dissolve 8 grams. of sodium nitrate
and 12 grams. of barium chloride separately in the
smallest possible amounts of boiling water. Mix the
hot solutions, cool, filter, and drain the crystals. Re-
crystallise from boiling water and show that the product
is pure barivin nitrate, free from chlorides and sodium
salts.

Barium Carbonate, BaCO,, occurs as the mineral
witherite, and, like the carbonates of calcium and strontium, is
msoluble in water,

Detection of Barium.— Barium is detected by the
formation of the insoluble carbonate and sulphate. The salts
produce an apple-green coloration when brought into the
Bunsen flame,

Detection of Calcium, Strontium, and Barium in
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Mixtures. —The analytical separation of barium, strontium,
and calcium is by no means an easy one to effect with accuracy,
since the compounds of these metals resemble one another
very closely.

The most rapid process for the qualitative detection of the
three is to precipitate them as carbonates, after removing from
the solution all the metals which form insoluble chlorides or

sulphides. The carbonates are then dissolved in acetic acid

and the barium precipitated by means of an excess of potassium

chromate,—
BaCl, + K,CrO, =BaCrO, + 2KCL

The chromates of calcium and strontium are soluble in
acetic acid and pass into the filtrate. The strontium may
then be precipitated with sulphuric acid, and the calcium in
the filtrate from this by ammonium oxalate. All the pre-
cipitates should be tested by the flame reaction.

A more accurate method depends on the facts that barium
chloride 1s insoluble in absolute alcohol, whereas the chlorides
of calcium and strontium are soluble, and that calcium nitrate
is soluble in alcohol, whereas strontium nitrate is not.

Barium 1s almost always estimated quantitatively in the

form of barium sulphate, whilst calcium is usually precipitated

as calcium oxalate, and is then strongly heated and thus con-
verted into the oxide,

General Properties of the Alkaline Earth Metals

The elements calcium, strontium, and barium resemble
sodium and potassium in certain of their properties, whilst in
other respects they differ from these very widely. The most
important points of resemblance are to be found in the
properties of the metals themselves and of their oxides.

All three metals decompose water readily at the ordinary
temperature, whilst no other known metals except those of the
alkalis have this property in the pure state. These metals,
moreover, readily burn when heated in the air or in oxygen,
forming oxides which unite with water to form soluble alkaline
hydroxides, very similar in their chemical properties to the
hydroxides of the alkali metals, Calcium, strontium, and
barium, however, differ from sodium and potassium in the
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very important respect that each of their atoms is capable of
replacing #we¢ atoms of hydrogen, whereas the atom of sodium
or potassium can only replace oz¢ atom of hydrogen. Many
of their salts, moreover, differ from those of sodium and
potassium in their solubility in water, a property which is of
great practical importance. Thus the sulphates, carbonates,
phosphates, and oxalates of the alkaline earth metals are
either insoluble or only very slightly soluble in water, and are
thus distinguished from the corresponding soluble salts of the
alkali metals. On the other hand the nitrates, chlorates,
chlorides, bromides, iodides, and hydroxides of these metals
are all soluble in water.

As regards the properties of the three elements themselves
it is found that strontium occupies an intermediate position
between the other two, both in atomic weight and physical
and chemical properties. This is shown in the first place by
a comparison of the atomic weights and specific gravities of
the three metals, which also brings out the fact that the
numbers for strontium are nearly the average of those for
calcium and barium,—

_ . Calcium. Strontium. Barium.
Atomic weight ; 40.09 87.63 137.37
Specific gravity . 1.55 i 3.8

A similar relation is noticed between the solubilities of
many of the salts of these metals, especially the sulphate and
hydroxide, as shown in the following table, which gives the
number of grams. of each dissolved by 100 grams. of water
at 15°,—

Calecium.  Strentiom. Barium.
Sulphate ! : 0.21 0.011 0,0002
Hydroxide . : o e AR = 12 2.89

In both cases the solubility of the strontium compound falls
between the values for calcium and barium.

SUMMARY

The metals calcium, strontium, and barium all decompose water in
the cold'and burn when heated in the air, forming the corresponding
oxides, which unite with water vigorously, producing the soluble strongly
basic hydroxides.
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Each of these elements is bivalent and only forms one series of salts.

The chlorides and nitrates are soluble, the carbonates and phosphates
insoluble, whilst the sulphates of calcium and strontium are sparingly soluble,
and that of barium almost insoluble in water.

The compounds of these metals all impart characteristic colorations to
the Bunsen flame.

EXERCISES ON LESsON XXII

1. How can metallic calcium be prepared, and what are its.properties ?

2. Describe the various forms of calcium carbonate which oceur in -

nature. What is known about the origin of these?

3. How can the following substances be prepared, starting with
calcium carbonate : (z) bleaching powder; (#) calcium carbide; ()
calcium chloride.

4. From what sources is calcium phosphate obtained? What is the
action of sulphuric acid on normal calcium phosphate ?

5. What volume of carbon dioxide can be produced from 1ooo kilos.
of limestone containing go per cent of caleium carbonate ?

6. How would you prepare (a) barium chloride, (#) barium nitrate,
and (¢) baryta, from heavy spar?

7. Describe the preparation and properties of barium peroxide. What
is the action of dilute sulphuric acid on this substance ?

8. How have the atomic_weights of calcium, strontium, and barium
been decided ?

g. Compare the compounds of strontium with those of calcium.

10. Compare the properties of calcium and its compounds with those
of sodium and its compounds.

- - = ﬂ.




LESSON XXIII

THE METALS OF THE ZINC GROUP

MAGNESIUM. ZINC. CADMIUM. MERCURY.

THESE four metals form another well-marked group or family
of elements, zinc being in many of its properties intermediate
between magnesium and cadmium, just as strontium is between
calcium and barium. In their general chemical properties
these elements are allied to the members of the group of the
alkaline earth metals, and like these differ in many important
respects from the alkali metals.

Magnesium, zinc, cadmium, and mercury are all well-known
metals, being manufactured on the large scale and employed
for various useful purposes in the arts.

Magnesium, Mg, 24-:32

The first compound of magnesium to be recognised as differ-
ent from all other known salts was the sulphate, which was dis-
covered in a spring at Epsom in 1695, and was therefore known
as Epsom salts. Compounds of magnesium also occur in. many
other springs, and hence also in sea-water and the mineral
deposits formed by the drying up of sea-water, such as the
deposits at Stassfurt (p. 182), and nearly all beds of rock-salt.

Magnesium carbonate, MgCO,, also occurs in enormous
quantities as magnesite, and, along with calcium carbonate, as
dolomite or magnestan (mestorre.  Other well-known minerals
containing magnesium are asbestos and meerschaum, both of
which are silicates of the metal. Small quantities of magnesium
salts occur in both animal and vegetable organisms.
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Metallic Magnesium was first prepared by Davy by
a method similar to that which he used for potassium, etc.
It is not easy to prepare the metal, because it combines with
oxygen and other elements very vigorously and forms very
stable compounds with them. Thus when magnesium chloride
or magnesium oxide is heated in a current of hydrogen, no
reduction takes place, and the same is the case when the oxide
is heated with carbon. When, however, the chloride, or a
mixture of this with sodium chloride, 1s fused with metallic
sodium, decomposition occurs and metallic magnesium is
formed,—

MgCl, + 2Na =2NaCl + Mg.

The metal 1s now manufactured according to the above
reaction and purified by distillation, which is carried out by
strongly heating the mixture in an iron cylinder, through the
bottom of which a vertical exit tube passes, the vapour of the
metal being condensed in an iron box placed underneath the
cylinder. All the metals of this group can be distilled, and, as
we shall see, this property is made use of in the preparation
of all of them. The temperature of distillation is highest in
the case of magnesium, which requires a white heat (about
1100° C.), and lowest for mercury. Magnesium is now also
made by the electrolysis of a fused mixture of the chloride with
potassium chloride made by heating carnallite, MgCl, + KCI +
6H,0. Magnesium is usually sold in the form of ribbon, which
1s made by pressing the hot metal into wire and then flattening
this between rollers.

Properties of Magnesium.—Magnesium is one of the
lightest of the common metals, having the specific gravity 1.75,
and melts at 633°. It is not acted on by dry air at the
ordinary temperature, only tarnishes very slowly in moist air,
and does not decompose water at the ordinary temperature, so
that all these properties distinguish it from the metals of the
preceding group. When heated in the air it burns with a
dazzling white light, forming the oxide, MgO.

The light evolved is very rich in rays which can preduce
photographic effects on silver salts, and hence the metal is
frequently used for producing artificial ight for photography.

Magnesium combines so vigorously with oxygen that it
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decomposes many oxides when it is heated with them, forming
magnesium oxide and liberating the element which was pre-
viously combined with the oxygen. Thus when the metal is
heated in steam it burns almost as brightly as in air, hydrogen
being liberated,—

Mg + H,0 =MgO 4+ H,.

In order to demonstrate this, place 3 or 4 short pieces of
magnesium ribbon in a bulb blown on a piece of hard glass
tubing, one end of which is connected with a flask containing
boiling water, and the other with a delivery-tube dipping
under the water of a pneumatic trough. Pass steam through
the bulb-tube until all the air is expelled, warming the tube
gently at the same time in order to prevent the condensation
of water in it. As soon as all the air has been driven out,
place a large test-tube filled with water over the end of the
delivery-tube and heat the bulb strongly. The magnesium
burns with a bright white light and hydrogen is evolved.
which passes into the test-tube.

The metal also burns in carbon dioxide, liberating carbon
and forming magnesium oxide,—

2Mg + CO,=2MgO +C.

EXPERIMENT g97.—Heat a piece of stout magnesium wire

in the air, and when it is burning brightly plunge it into

a jar containing carbon dioxide—the metal continues to

burn. (The ordinary magnesium ribbon does not readily

burn in carbon dioxide unless a little air be present.)

When the flame dies out pour a few ccs. of hydrochloric

acid into the jar in order to dissolve the magnesium

oxide and any magnesium which remains unburnt. An

abundant black residue of carbon is left, which may be

filtered off, dried and heated in a current of air or

oxygen, in order to show the production of carbon

dioxide by its combustion, and thus prove that it 1s
carbon.

Magnesium also decomposes many other oxides, both of the

metals and non-metals at a high temperature, and is employed

for the preparation of boron and silicon from their compounds
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with oxvgen. l-Ia'gne:-:ium readily dissolves in dilute hydro-
chloric and sulphuric acids, hydrogen being evolved,—

Mg+ H,SO, =MgSO, + H,.

The metal also combines with nitrogen when it is heated in
this gas, a nitride being formed.

Equivalent and Atomic Weight of Magnesium,—
The equivalent of magnesium has been accurately determined.
by converting a known weight of the metal into oxide. This
was done by purifying the magnesium by distillation, and then
dissolving a weighed amount of the pure metal in nitric acid,
evaporating to dryness, and decomposing the nitrate by heat,
the resulting oxide being finally weighed. It has thus been
found that 8 parts of oxygen unite with 12:16 parts of
magnesium, so that this number represents the equivalent of
the metal. :

The atomic weight has been settled from a consideration of
the atomic heat of the metal. The specific heat of magnesium

; ey 6.
being o.25, the atomic weight must be about ﬁ:zg.ﬁ.

Hence 12.16 x 2=24.32 is taken as the atomic weight of
magnesium. One atom of magnesium, therefore, replaces
two atoms of hydrogen, so that in this respect magnesium
agrees with the metals of the calcium group.

The Compounds of Magnesium

Magnesium Oxide, Magnesia, MgO, is formed when
the metal is heated in air or oxygen. Magnesium nitrate and
carbonate readily decompose when heated, in a similar manner
to the corresponding calcium salts, a residue of magnesia
being left,—

MgCO, =MgO + CO.,,

The oxide is usually prepared from the carbonate in this
way, and is then known as calcined magnesia or magnesia usta.
It is only very slightly soluble in water (I part in 55,000 of
water), but when moist turns red litmus blue.

Magnesia is largely used in medicine, and since it is un-
altered by very intense heat is employed for lining furnaces
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and crucibles, as well as for the production of the electric
light.

Magnesium Hydroxide, Mg(DH}g, is formed when
caustic soda is added to a solution of a magnesium salt, and is
a white flocculent precipitate which is almost insoluble in
water and caustic soda solution,—

MgSO, + 2NaOH = Mg(OH), + Na,SO,.

It is not precipitated, however, in the presence of ammonium
salts, and this property is made use of in the analytical detec-
tion and separation of magnesium.

EXPERIMENT 98.—1. To a solution of magnesium sulphate
add an excess of caustic soda solution—a white pre-
cipitate of the hydroxide is produced.

2. To another portion of magnesium sulphate solution add
ammonium chloride solution and then caustic soda—no
precipitate is produced,

A solution of magnesium sulphate or chloride, to which
ammonium chloride and then excess of ammonia have been
added, i1s known as magnesia mixture, and i1s used in the
laboratory for the detection and estimation of phosphates.

Magnesium Carbonate, MgCO,, occurs as magnesite,
and, along with calcium carbonate, as dolomite, minerals of
which whole mountain ranges are composed in the Pennines in
England and in the Tyrol. Both of these substances serve
as important sources of the magnesium compounds. The
preparation of pure magnesium compounds from dolomite can
easily be carried out by treating the powdered mineral with
dilute sulphuric acid. Magnesium sulphate is formed, which
‘can readily be freed by recrystallisation from the sparingly
soluble calcium sulphate, which is also produced.

EXPERIMENT 99.—Add 10 cc. of concentrated sulphuric
acid to 9o cc. of water, heat to boiling, and gradually
add powdered dolomite until the liquid is neutral, and
a small amount of the dolomite remains undissolved.
Filter, on the pump if possible, from the insoluble calcium
sulphate, and evaporate the filtrate until a crystalline
crust is formed. On cooling magnesium sulphate
separates out, which can be purified by recrystallisation
from the smallest possible quantity of boiling water.



238 THE METALS OF THE ZINC GROUP LESSON XXIII

The precipitate formed when a solution of sodium carbon-
ate 1s added to one of Epsom salts is not pure magnesium car-
bonate, MgCO,, but a basic carbonate of variable composition,
which i1s known as magnesia afba. Although magnesium car-
bonate is almost insoluble in pure water it dissolves even more
readily than calcium carbonate in water containing carbonic
acid. This solution behaves precisely like one of calcium

carbonate in aqueous carbonic acid, and both of these car-

bonates are often present together in spring and well waters,
in which they produce temporary hardness (R. and L.
p- 123).

EXPERIMENT 100.—To 10 cc. of a dilute solution of mag-
nesium chlonde add sodium carbonate solution—a thick,
white precipitate of basic magnesium carbonate is pro-
duced. Pass a current of carbonic acid gas through
the liquid—the precipitate gradually dissolves, form-
ing a perfectly clear solution. Divide this into three
P.‘:il'tE.

1. Add soap solution—a thick, white precipitate of an in-
soluble magnesium soap is produced.

2. Boil the clear solution—the basic carbonate is repre-
cipitated.

3. Add lime-water—a mixture of the carbonates of
calcium and magnesium is precipitated.

Magnesium carbonate, like the hydroxide, 1s readily soluble
in ammonium salts, and the separation of magnesium salts
from those of calcium in the ordinary course of qualitative
analysis depends upon this property.

EXPERIMENT 101.—To a solution of magnesium sulphate
add ammonium chloride, and then sodium carbonate or
ammonium carbonate—no precipitate is produced.

Magnesium Sulphate, MgSO,, is found combined with
7 molecules of water, as Zpsom salts, which are readily soluble
in water, and also combined with 1 molecule of water, as
Eieserite, which is almost insoluble in water. Kieserite occurs
in the deposits at Stassfurt, and is purified by being simply
washed with water to remove the soluble salts of potassium
and sodium. It is also produced when Epsom salts are heated
at 150"

EXPERIMENT ro2.—Heat 1 gram. of powdered Epsom

r e e e i i il
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salts on a watch-glass in a hot-air oven at 150° for
an hour. Shake the remaining salt with 5 cc. of water,
and compare its behaviour with that of 1 gram. of the
original Epsom salts when treated with the same amount
of water.

When equivalent amounts of potassium sulphate and mag-
nesium sulphate are dissolved in water and the solution
evaporated, it is found that the least soluble salt, potassium
sulphate, does not crystallise out first, but that crystals of a
double salt, MgSO, + K,SO, + 6H,0 are deposited.

EXPERIMENT 103.—Dissolve 5 grams. of potassium sul-

phate and 6.5 grams. of Epsom salts in about 50 cc, of
boiling water, evaporate until crystals begin to separate
and allow to cool. The double sulphate crystallises
out and cannot be separated into its constituent salts by
recrystallisation.

Magnesium Chloride, MgCl,, occurs along with potas-
sium chloride at Stassfurt, and is prepared in the manner
already described (p. 184). It forms crystals having the
composition MgCl, + 6H,0, and forms a very soluble deliques-
cent mass. When this crystalline salt is heated it decom-
poses, forming hydrochloric acid, water, and magnesia, —

MgCl, + 6H,0 = MgO + 2HCl + sH,0.

The anhydrous salt can be obtained pure by evaporating
the aqueous solution in a current of hydrochloric acid.

Magnesium Nitride. — When metallic magnesium is
heated in nitrogen, the gas is absorbed and a compound of
the formula Mg N, is produced, which is known as magnesium
nitride.  This substance is decomposed by boiling water,
ammonia being evolved and magnesium hydroxide formed,—

Mg,N, + 6H,0 = 3Mg(OH), + 2NH,.

The formation of this substance has been utilised in the
separation of atmospheric nitrogen from the gases of the argon
group (p. 432).

Magnesium Ammonium Phosphate, Mg(NH )PO, +
6H,0, is a crystalline salt which is precipitated when a solu-
tion of magnesium chloride containing ammonium chloride
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and ammonia is added to a solution of ordinary sodium
phosphate, —

MgCl,+ NH,(OH) + Na,HPO,=
MgNH, PO, + 2NaCl + H,0.

It is very spanngly soluble in water (1 part in 15,000), and
even less readily in dilute ammonia. On this account it is
used for the qualitative detection and quantitative estimation
of both phosphoric acid and magnesium,

Magnesium Sulphide, MgS, like calcium sulphide, is not
formed when sulphuretted hydrogen is passed into a solution of
a magnesium salt, but may be obtained by heating magnesium
and sulphur together, and is almost insoluble in water. The
hydrosulphide, Mg(SH),, again like the corresponding calcium
compound, is readily soluble. The solution decomposes when
heated, and evolves sulphuretted hydrogen.

Detection of Magnesium.—Magnesium 1is not pre-
cipitated by any of the group reagents employed in the ordi-
nary course of analysis, and is therefore present in the filtrate
from the calcium group. The most characteristic test for its
presence 1s the formation of the magnesium ammonium phos-
phate described above.

Zine, Zn, 6537

The metal zinc was discovered by the alchemists, and was at
first regarded as only a semi-metal, because it was brittle, took
fire, and burned when strongly heated, and in other ways differed
from the seven metals previously known to them (p. 69).
The chief compounds of this metal which occur in nature are
the carbonate (calamine), ZnCO, the su]phide (zinc blende),
ZnS, and the silicate, ZnSiO,+ H,0, which is termed si/iceous
calamine or hemimor phite. Zinc is not a usual constituent of
the igneous rocks of which the crust of the earth is composed,
and hence it does not as a rule occur in soil which is the
product of the decomposition of these rocks. Moreover, it
does not form an essential part of animal or vegetable organ-
isms, zinc compounds usually acting rather as poisons.

Preparation of Metallic Zine.—Zinc does not combine
with oxygen nearly so vigorously as does magnesium, and the
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oxide is much more readily decomposed than is magnesia.
Thus metallic zinc can be manufactured by heating the oxide
with carbon, whilst, as we have seen, magnesia cannot be de-
composed in this way. The extraction of zinc from its ores is
carried out in two stages, the ores being first converted into
the oxide, and the latter then reduced by means of carbon.
When zinc blende is employed, it is first freed from sulphur and
converted into the oxide by being heated in a current of air,—

2ZnS + 30, =2Zn0 4 250,

b
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The carbonate and silicate, on the other hand, are simply
strongly heated, usually in kilns resembling lime-kilns, in
order that the carbonic acid of the former and the water of
the latter ore may be removed.

The crude oxide is then mixed with coal or coke and
strongly heated, and the metallic zinc passes off in the form of
vapour, which i1s then condensed,-

n04+C=7n+ CO.

This second stage of the process is carried out by various
methods, the most important of which are the Silesian and

I
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Belgian processes and a combination of these, the chief differ-
ence between them being in the kind of furnace employed. In
the Silesian process the mixture of roasted zinc ore and coal is
placed in clay muffles or retorts, about 40 of which are heated
side by side in a single furnace (Fig. 44). The muffle (M) is
provided with a side tube (A), through which the vapour of the
zinc passes into the iron box (O), in which it is condensed.

In the Belgian process the mixture is heated in a horizontal
fire-clay tube, connected by a conical clay tube with a sheet-
iron condenser. :

During the process of manufacture a certain amount of the
metal is deposited as a fine powder containing a little oxide,
and this mixture is known as zinc dust. Commercial zinc
usually contains small quantities of lead, iron, carbon, and
arsenic.

Properties of Metallic Zinc.—Zinc is a bluish-white
metal, and has the specific gravity 6.9. It melts at 419°, and
boils at 9187, both of these temperatures being much lower
than the corresponding ones for magnesium., It becomes
very brittle at about zoo°, and at this temperature can be
pounded in a mortar.

Zinc dissolves in dilute hydrochloric and sulphuric acids,
with evolution of hydrogen. When the metal is quite pure,
however, these acids only act very slowly upon it, whilst they
act rapidly on a metal which contains small amounts of im-
purities.  Nitric acid dissolves zinc with evolution of nitric
oxide or nitrous oxide or formation of ammonia according to
the concentration of the acid (see p. 265). A very important
fact is that zinc dissolves in hot solutions of the alkalis,
hydrogen being evolved, and a soluble compound known as
sodium zincate formed, — |

Zn + 2NaOH = Na,Zn0O, + H,,

This property of the metal distinguishes it sharply from
magnesium, which is not affected by alkalis.

Zinc dust and caustic soda solution are often used for
bringing about the reduction of other compounds. Potassium
nitrate, for example, when treated with this mixture, yields the
whole of its nitrogen in the form of ammonia,—

KNO, + 8H = KHO + NH, + 2H,0.
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EXPERIMENT 104.—Warm some zinc dust with caustic soda
solution in a test-tube—hydrogen is evolved with effer-
vescence, To the mixture add a few drops of potassium
nitrate solution and again warm—ammonia is at once
evolved.

Zinc burns when strongly heated in the air, or better in
oxygen, with a beautiful greenish light. This may be shown by
strongly heating some thin zinc-foil in the air and directing a
jet of oxygen on to the hot metal. It does not, however, burn
in carbon dioxide, and does not decompose steam even at a
red heat (compare the behaviour of magnesium, p. 235).

Composition and Formulse of the Salts of Zinc—
Atomic and Molecular Weight of Zinc.—The equiva-
lent of zinc has been found to be 32°685 by converting the
metal into oxide, by a method similar to that employed in
the case of magnesium. The equivalent of zinc to hydrogen
has also been directly determined by dissolving a weighed
amount of pure metal in dilute sulphuric acid, and measuring
the hydrogen which is evolved.

Zinc yields several compounds which are volatile, the most
important being the chloride, ZnCl,, and certain organic com-
pounds such as zinc ethide, Zn(C,H,),, and from the vapour
densities and composition of these it follows that the atomic
weight must be about 65 or some fraction of this. Thus the
vapour density of the chloride is 68.15, and its molecular
weight therefore 136.3. Of this 70.9 are due to chlorine, so
that the remaining 65.4 parts are zinc, The conclusion that
the atomic weight of zinc i1s about 65 is confirmed by the
specific heat of the metal. This i1s 0.0935, and hence the

6.
atomic weight must be about —;—-5 =68. The nearest
multiple of the equivalent to this is 32.685 x 2 =65-37, which

1s therefore taken as the atomic weight of zinc. Zinc is thus
seen to be a bivalent metal, one atom of which replaces two
atoms of hydrogen in acids, the zinc salts being similar in
formula to those of magnesium

Metallic zinc boils at 918°, yielding a vapour which has a
density of 32.7, so that the molecular weight of gaseous zinc
1s 32.7 x2=065.4. This is the same as the atomic weight
of the metal, and we thus learn that the molecules of zinc
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consist of only one atom, so that this metal differs very strik-
ingly from such substances as iodine, oxygen, hydrogen, etc.,
the molecules of which consist of two atoms.

Compounds of Zinc

Zine Oxide, ZnO, occurs in nature as zincite, and 1s pre-
pared by distilling metallic zinc, burning the vapour, and
allowing the flocculent white oxide which is produced to settle
in chambers or flues. It is also formed when the carbonate is
heated and is prepared for medicinal use in this way. When
cold it is white, but at high temperatures it becomes yellow,
regaining its original colour on cooling,

EXPERIMENT 105.—Heat about 0.5 gram. of zinc carbon-
ate in a test-tube. Show that carbon dioxide is evolved
by pouring the gas from the test-tube into a tube con-
taining lime-water, and observe that the mass left in the
tube is yellow when hot, white when cold.

Zinc hydroxide, Zn(OH),, is formed when a caustic alkali

is added to a solution of a zinc salt. It is a white powder and
readily dissolves either in acids or in an excess of the alkali,—-

Zn(OH), + 2NaOH = Na,Zn0O, + 2H, 0
Zn(OH), + 2HCl =ZnCl, + 2H,0.

The hydroxide therefore acts as a base towards acids, whilst
it also acts as an acid towards strong bases. The salts formed
with the alkalis are called zincates, and are very unstable,
being decomposed by such weak acids as carbonic acid.

EXPERIMENT 106,—1. To a solution of zinc sulphate add a
small amount of caustic soda solution—a thick, white
precipitate 1s formed which readily dissolves in hydro-
chloric acid,

2. To another portion of the solution of zinc sulphate add
caustic soda drop by drop—the precipitate redissolves,
forming a strongly alkaline solution.

3. Into the alkaline solution obtained above pass carbon
dioxide—a white precipitate of zinc carbonate is at
once formed.

Zinc hydroxide, therefore, differs in this respect from mag-

nesium hydroxide, which is insoluble in caustic soda.
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Zine Carbonate, ZnCO,, is one of the chief ores of zinc,
and is precipitated when sudlum carbonate is added to a
solution of the sulphate.

Zinc Sulphate, ZnSO,, is one of the best known salts of
zinc, and was formerly known as white vitriol. It is made on
the large scale by roasting zinc blende in excess of air, extract-
ing the mass with water, and evaporating,—

ZnS + 202 = Zn504+

In the laboratory it is prepared by treating an excess of
zinc with dilute sulphuric acid, filtering and evaporating.

EXPERIMENT 107.—Carefully add 10 cc. of concentrated

sulphuric acid to about 4o cc. of water in a basin.  Stir
and add about 15 grams. of granulated zinc. As soon
as all effervescence has ceased and some zinc 1s still left
undissolved, heat to boiling, filter, and evaporate if neces-
sary, and allow to cool. Zinc sulphate separates out in
characteristic prismatic crystals.

It crystallises in the same forms as Epsom salts, the
crystals having the formula, ZnSO, + ?H 0.

Zinc Nitrate, Zn(ND , + 6H‘,O, is a deliquescent mass,
and decomposes when it is heated leaving a residue of zinc
oxide.

Zinc Chloride, ZnCl,, is best prepared by passing chlorine
over heated zinc, or heating zinc dust in hydrochloric acid.
The chloride volatilises and solidifies to a white mass. It is
deliquescent and absorbs water very vigorously, so that it is
often used as a dehydrating agent. It is decomposed by boil-
ing water, a basic salt which is insoluble in water being formed.

Zinc Sulphide, ZnS, occurs as zinc blende in masses
which are yellowish when pure, but are more generally dark
coloured. The amorphous sulphide is white, and is formed
when sulphuretted hydrogen is passed into a solution of a zinc
salt, made alkaline with ammonia, or acidified with acetic acid.
It is not formed in the presence of strong acids, such as hydro-
chloric acid, by which it is at once decomposed.

EXPERIMENT 108.—To separate portions of a solution of

zinc sulphate, add—

I. Ammonium sulphide solution—a white precipitate of

the sulphide is formed. (This precipitate is often gray
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in colour, owing to the presence of small traces of
iron. )

2. Hydrochloric acid and then sulphuretted hydrogen—no
precipitate 1s formed.

3. Acetic acid and then sulphuretted hydrogen — the
sulphide is precipitated, but dissolves at once when
hydrochloric acid is added.

Detection of Zinc.—The reactions by which zinc is
detected are the formation of the hydroxide soluble in excess
of ammonia or caustic soda, and the formation of the white
sulphide, insoluble in acetic acid, ammonia, or caustic soda,
but readily soluble in hydrochloric acid.

The oxide also unites with oxide of cobalt to form a bright
green mass, the production of which is often used as a blow-
pipe test for the presence of compounds of zine,

Cadmium, Cd, 11240

Cadmium resembles zinc very closely in its chemical pro-
perties, most of its salts and other compounds being very
similar to those of zinc. It is not a very common metal, but
occurs in small quantities in zinc ores, such as calamine and
zinc blende, in many localities, and is therefore obtained when
such ores are smelted. It is more easily volatile than zinc,
and like it burns in the air, so that the first portion of crude
zinc dust obtained from the zinc ores contains all the cadmium.
This crude material, consisting of zinc and cadmium mixed
with their oxides, is then again heated with coal or charcoal,
and the more volatile cadmium collected, the process being
again repeated if necessary. Cadmium may also be purified
by dissolving the crude product in hydrochloric acid and pre-
cipitating the cadmium with metallic zinc,—

CdCl, + Zn = ZnCl, + Cd.

The metal is white and harder and denser than zinc, its
specific gravity being 8.6. It melts at 322°, and boils at
778°%, and its vapour, like that of zinc, has a density which
shows that the molecules of cadmium consist of a single atom,
the molecular formula of the element being therefore Cd.
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The equivalent of the metal has been found by converting
the pure metal into the oxide, whilst the atomic weight, like
those of zinc and magnesium, has been decided from the specific
heat, which is 0.0548 ; like the other members of the group
the metal i1s bivalent.

Cadmium is used for making alloys, which melt at a low
temperature, and are known as fusible metals (p. 116).

Cadmium Oxide, CdO, is a brown powder, and is ob-
tained by igniting the white carbonate or nitrate, whilst it is
.also formed when the metal burns in air or oxygen.

Cadmium Hydroxide, Cd(OH),, like zinc hydroxide, is
a white mass, readily soluble in alkalis.

Cadmium Chloride, CdCl, + 2H,0, differs from zinc
chloride by not being deliquescent but efflorescent.

Cadmium Sulphide, CdS, is a bright vellow coloured
amorphous mass, and is insoluble in dilute hydrochloric or
nitric acid. It is, however, soluble in the strong acids and
in boiling dilute sulphuric acid, whilst it is insoluble in am-
monium sulphide. By means of this compound cadmium can
readily be separated and distinguished from zinc, the sulphide
of which 1s white, and dissolves readily even in dilute hydro-
chloric acid.

EXPERIMENT 109.—To separate portions of a solution of

cadmium chloride or nitrate—

1. Add caustic soda solution drop by drop—a white pre-
cipitate is formed which dissolves in excess of caustic
soda solution.

2. Pass sulphuretted hydrogen —a yellow precipitate is
formed, which is insoluble in ammonium sulphide and
dilute hydrochloric acid ; soluble in boiling dilute nitric
acid.

SUMMARY

Magnesium, zine, and cadmium all form a single series of salts, in
which the metal is bivalent. These three metals all dissolve readily in
dilute sulphuric acid, whilst zinc and cadmium are also soluble in caustic
soda solution. They can all be distilled.

Magnesium melts at a high temperature and readily burns in the air,
forming the stable white oxide. ‘The hydroxide is insoluble in water and
in caustic soda solution. The carbonate is insoluble in water, whilst the
chloride, nitrate, and sulphate are readily soluble. The hydroxide and
carbonate are readily soluble in ammonium salts.
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Zinc melts below a red heat, and does not readily burn in the air.
The hydroxide is insoluble in water, but is readily soluble in solutions of
caustic soda and ammonia. The white sulphide is insoluble in water and
acetic acid, but readily dissolves in dilute hydrochloric acid. The car-
bonate, chloride, sulphate, and nitrate behave in a similar manner to
those of magnesium. The hydroxide and carbonate are not affected by
ammonium salts. . 3

Cadmium melts at a still lower temperature than zine, which it closely
resembles in properties. The sulphide is yellow and is insoluble in h}*dro-
chloric acid ; the oxide is a brown mass, and the hydroxide is soluble in
alkalis.

EXERcCISES oN LEssoN XXIII

1. What are the chief compounds of magnesium occurring in nature?
Describe the preparation of pure magnesium sulphate from any one of them.

2. How is metallic magnesium prepared, and what are its properties?

3. What happens when metallic magnesium is heated in (2) hydrogen ;
(&) oxygen ; (¢) nitrogen ; (&) chlorine ; (¢) carbon dioxide ; (f) steam ?

4. Describe the preparation of metallic zinc from its ores,

5. How are the following substances obtained : (&) zinc dust; (&)
magnesia ; (¢) zinc sulphate ; (&) cadmium sulphide ?

6. What is the action- of (a) hydrochloric acid; (&) caustic spda
solution, on metallic zinc? How could you detect the presence of zinc
oxide in zine dust ? :

7. 10 grams of pure zinc, when it is dissolved in nitric acid and the
resulting nitrate decomposed by heat, yield 12.458 grams. of zinc oxide.
Calculate the equivalent of zinc.

8. 1.298 gram. of zinc when dissolved in dilute ‘acid yields 444 cc. of
pure hydrogen at N.T.P. Calculate the equivalent of zinc.

9. How would you attempt to prepare pure zinc {rom an alloy of the
metal with cadmium ?



LESSON XXIV
THE METALS OF THE ZINC GROUP (Cont.)
Mercury, Hg, 200.0

MERCURY or quicksilver is one of the metals which was known
to the Greek alchemists. The striking appearance of this
liquid metal led to the Greek name Aydrargyrum (liquid
silver), from which the symbol of the element Hg is derived,
whilst the English term quicksilver (live silver) is simply a
translation of the Greek expression. The metal was associated
by the alchemists with Hermes or Mercury, the messenger of
the gods, and this name is the only one of the old alchemical
names for the metals which has remained in general use.

Mercury occurs in small quantity in the free state, but its
most important ore is the sulphide known as cinnabar, HgS,
which 1s found in Austria, Bavaria, California, China, and
Japan.

The manufacture of the metal is carried out by simply
heating the ore in a current of air, the sulphur being converted
into sulphur dioxide, whilst the mercury, which does not
readily combine with oxygen under these conditions, is set
free and volatilises, —

HgS + O,=Hg + 50,.

The process is conducted by heating the ore on perforated
arches, placed in a furnace so that the heated air passes
through the mass. The mercury volatilises and passes
along with the sulphur dioxide through a long series of
chambers, where it is cooled and condensed, the last traces
being removed from the gases by means of a spray of water.
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The crude mercury is either distilled, a process which is best
carried out in vacuo at a low temperature, or it is allowed to
run in a thin stream through a column of dilute nitric acid
which dissolves out the impurities. Metallic mercury is liquid
at the ordinary temperature, but freezes at — 38.8°, forming a
soft crystalline mass of metallic appearance, which has the
specific gravity 14.19, and is therefore denser than lqud
mercury, the specific gravity of which at o° 1s 13.595. The
metal boils at 357°, forming a colourless vapour.

Mercury very readily unites with other metals to form
alloys, termed amalgams. In many cases the amalgam is
formed at once when the metal in question is simply brought
in contact with mercury, but it is necessary that the surface be
clean, as otherwise combination does not take place. When,
for example, mercury i1s simply rubbed on te a clean coin of
copper, silver, or gold, amalgamation occurs immediately.
Many metals also become amalgamated when they are dipped
into a solution of a salt of mercury. Thus copper is at once
coated with mercury when it is dipped into a solution of
mercuric chloride, metallic mercury being- precipitated on to
the surface of the metal, with which it then unites whilst an
equivalent quantity of the copper i1s dissolved,—

Cu + HgCl, = CuCl, + Hg.

All amalgams are decomposed by heat, which causes the

mercury to volatilise,

EXPERIMENT 110.—Clean a piece of copper foil or a
copper coin by dipping it in nitric acid and washing it
with water.

1. Rub on to a portion of the foil a few globules of
mercury—a bright silvery surface 1s at once produced.
Heat the foil gently—the mercury volatilises and leaves
the unaltered copper of the original colour. '

2. Place a portion of the foil in a solution of mercuric
chloride and allow to stand for some time. A dull
deposit of mercury is formed which becomes bright when
rubbed. To show the presence of copper in the solution,
add excess of ammonia and filter—a deep blue solution
1s obtained,

Amalgamated metals are often not so vigorously acted on
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by reagents as the metal alone ; thus sodium amalgam reacts
much less violently with water and acids than sodium itself,
and amalgamated zinc is used in batteries for the production of
an electric current because it is only dissolved by dilute
sulphuric acid during the passage of the current,

On the other hand, the amalgams of magnesium and
aluminium decompose water at the ordinary temperature, at
which the unamalgamated metals have no action on water.

Mercury does not tarnish in the air at the ordinary tem-
perature, but slowly combines with oxygen when itis heated
in the air for a long time just below its boiling-point, forming
the red oxide, HgO, which again decomposes at a higher
temperature. The metal 1s not acted upon by hydrochloric
acid or dilute sulphuric acid, but when heated with strong
sulphuric acid is converted into the sulphate, sulphur dioxide
being evolved,—

Hg + 2H,S0,=HgS0,+ 50, +2H,0.

Priestley, who was the first to collect and examine sulphur
dioxide, prepared it by this method, although the cheaper
copper is now generally used for the preparation of this gas
on the small scale. Mercury dissolves in nitric acid to form
the nitrate, oxides of nitrogen being evolved, just as in the
more familiar case of copper (p. 265 ),—

3Hg + 8HNO, = 3Hg(NO,), + 4H,0 + 2NO."

On account of its liquid form, high boiling-point, and
permanence in the air, mercury is largely used in the construc-
tion of physical apparatus, such as barometers and ther-
mometers, and for silvering mirrors; it is also employed in
the electrolytical process for the manufacture of caustic soda
(p. 306), and in the mercury vapour electric lamp.

Atomic Weight of Mercury—Composition of the
Salts of Mercury.—Mercury differs chemically from the
metals of the alkalis and alkaline earths and the other
members of the zinc group in a very important respect.
Each of these elements only forms one well-defined series
of salts, all of which are derived from the corresponding acids
by the replacement of the same number of hydrogen atoms
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by one atom of the element. Thus one atom of sodium or
potassium always replaces one atom of hydrogen, whilst the
atoms of calcium, strontium, barium, magnesium, zinc, and
cadmium each replace two atoms of hydrogen. Mercury, on
the other hand, forms two distinct series of compounds, two
oxides, two chlorides, etc., and in one series each atom of the
metal replaces two atoms of hydrogen and in the other only
one atom.

Mercury 1s therefore a metal which has two different
equivalents, that is to say, it can combine with two different
amounts of the same element, forming two distinct compounds,
Taking, for example, the chlorides, it is found by analysis that
in one of these, which is soluble in water, 35.5 parts of
chlorine are combined with 100 of mercury, whereas in the
other, which is insoluble in water, the same amount of chlorine
is united with 200 of mercury. Mercury, therefore, has the
two equivalents 100 and 2o00.

Many of the compounds of mercury are volatile, and a
study of the molecular weights and composition of these shows
that the atomic weight of mercury must be about 200. The
same result is obtained from a consideration of the specific
heat of the metal, which is 0.0319, so that the atomic weight

4 ’ ; R
must be about =200. The accurate atomic weight is
0.0319

therefore taken as z200.

It follows from this that in the soluble chloride one atom
of the element replaces two atoms of hydrogen and unites
with two atoms of chlorine, whilst in the insoluble chloride
it replaces only one atom of hydrogen. The same relation
is found to exist between the other salts formed by the metal,
and the two series are known as the mercuric compounds, in
which mercury replaces two atoms of hydrogen, and the
mercurous compounds, in which it replaces one atom of
hydrogen. :

When a metal forms two series of salts, the termination -7¢
is always used for the name of that series which contains less
of the metal ; the termination -o#s for that which contains
more of the metal.

The formula of some of the chief compounds of mercury
are given in the following list—
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Mercuric. Mercurous.
Oxide : ; i HeQ Hg,O
Chloride . . . HgCl, HgCl
Nitrats . : Hg(NO,), HgNO,
Sulphate . ; . HgSO0, Hg,SO,

The formula of the mercurous compounds in the above list
are empirical formule, since these compounds decompose
when they are heated, and hence their vapour densities and
true molecular formule are unknown.

It has already been pointed out that the valency of an
element in a compound cannot be ascertained until the consti-
tution of the compound is known (p. 200). In the case of the
mercurous compounds, the constitution is not certainly known.
If these compounds have the simple formulez given above,
mercury acts in them as a univalent element. Many facts,
however, point to the probability that these compounds have
twice the molecular weight corresponding with this simple
formula, Mercurous chloride would thus receive the formula
Hg,Cl,. In this case the constitution would be represented
by the formula Cl-Hg.Hg-Cl, in which each atom of mercury
is combined both with an atom of chlorine and with a second
atom of mercury and is therefore bivalent. As the question is
not yet definitely settled, the simple empirical formula of the
mercurous compounds are here used.

Molecular Weight of Mercury.— The density of
mercury vapour is 100 compared with hydrogen, and since
the atomic weight is 200, it follows that the molecule of
mercury consists of a single atom, so that in this respect the
metal resembles zinc and cadmium (pp. 244, 246).

The Mercuric Compounds

Mercuric Oxide (Red Oxide of Mercury), HgO, is
felt behind as a heavy red powder when mercuric nitrate is
gently heated, and is also formed in small amount when
mercury is heated to the boiling-point in the air for a consider-
able time. It can also be obtained as a yellow powder, known
as yellow or precipitated mercuric oxide, by adding caustic
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soda to a 5Dlutmn of a mercuric salt and heating the
hydroxide to 175°,—

Hg(NO,), + 2NaOH = Hg(OH), + 2NaNO,.
Hg(OH),= HgO + H,0.

It decomposes when heated into mercury and oxygen, and
it was by this process that Priestley first obtained oxygen gas.

It was, moreover, by the formation of this compound and
its subsequent decomposition that Lavoisier first clearly proved
the presence of oxygen in the air.

EXPERIMENT 111.—Heat 2 or 3 crystals of mercuric
nitrate in a dry test-tube—brown fumes are evolved
and a residue of mercuric oxide left, which is almost
black when hot, red when cold. Shake out the oxide
into a second dry test-tube and heat strongly—oxygen
is evolved (test by glowing splint), and a mirror of
mercury is formed on the tube, which runs into globules
when it is rubbed with a glass rod.

Mercuric Chloride, Corrosive Sublimate, HgClL,,
cannot be obtained by the action of hydrochloric acid on
mercury, but is prepared by heating the sulphate with common
salt,—

HgSO, + 2NaCl="HgCl, + Na,SO,,

The mercuric chloride wvolatilises and condenses in the
upper part of the vessel. It is only sparingly soluble in
water, 1oo parts of which dissolve 7 parts of the salt at 157,
and i1s also soluble in alcohol and ether. It crystallises in
needles, and volatilises without melting when heated in an
open tube, but when heated under pressure melts at 288" and
boils at 303°. The vapour density has been found to be 1335.5,
corresponding with the molecular weight 271 and the formula
HgClL,.

Mercuric chloride is a violent poison, but in small quantities
1s a valuable medicine. A dilute solution is largely used as
an antiseptic, as it is found to be fatal to all forms of bacteria.

When ammonia is added to a solution of the chloride, a
white precipitate is produced which consists of the compound
Hg(NH,)Cl, known as infusible white precipitale.
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EXPERIMENT 112.—To separate portions of a solution of
mercuric chloride add—
1. Caustic soda solution—a yellow precipitate of mercuric
hydroxide 1s formed.
2. Ammonia—infusible white precipitate is produced.
Mercuric Iodide, HgI, is a beautiful scarlet powder,
which is formed when mercury and iodine are rubbed together
in a mortar, and is also precipitated when potassium iodide 1s
added to mercuric chloride solution,—

HgCl, + 2KI = Hgl, + 2KCL

The precipitate readily dissolves in an excess of potassium
iodide, a double salt being formed. This solution made
strongly alkaline with caustic potash or soda is known as
Nessler's reagent, and is used for the detection of small
quantities of ammonia or ammonium salts, with which it
produces a brown coloration, whilst a brown precipitate 1is
formed when a larger amount of ammonia is present.

EXPERIMENT 113.—To a solution of mercuric chloride

add potassium iodide solution gradually until the scarlet
precipitate of mercuric iodide which is first produced
has redissolved, and then make strongly alkaline with
caustic soda. No precipitate of mercuric hydroxide is
produced, but the solution remains clear. Add a few
drops of this solution to a solution of ammonium
chloride — a thick, brown precipitate is produced.
Dilute a fresh portion of ammonium chloride solution
and add a few drops of the Nessler's reagent—a
yellowish-brown coloration is produced.

Like the chloride the iodide readily volatilises when heated,
and forms a colourless vapour, which has the normal density
227, corresponding with the formula Hgl,. As already
mentioned mercuric iodide is dimorphous (p. 143).

Mercuric Nitrate Hg(NO,), is prepared by boiling
mercury with an excess of nitric acid. When it is treated with
water partial decomposition occurs, basic salts being formed.

Mercuric Sulphate, HgSO,, is prepared by boiling
mercury with concentrated sulphuric acid, and, like the nitrate,
readily forms a basic salt when treated with water,

Mercuric Sulphide, Cinnabar, HgS, is the most
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important ore of mercury, and occurs as a red crystalline
mass. The artificial crystalline sulphide 1s known as ver-
milion, and is prepared by heating mercury and sulphur
together, or by grinding the two together in the presence of
water and a small amount of potash. The sulphide is pre-
cipitated as a black amorphous mass when sulphuretted
hydrogen is passed into an acid solution of a mercuric salt.

When a small amount of sulphuretted hydrogen is added
to an excess of mercuric chloride solution, a white precipitate
1s first formed, which on the addition of more sulphuretted
hydrogen becomes yellow and then black. These differently
coloured substances are compounds of mercuric chloride with
mercuric sulphide.

The sulphide is insoluble in nitric acid and in hydrochloric
acid, but dissolves in aqua regia, and this serves to distinguish
it from the sulphides of copper, bismuth, and cadmium, which
are soluble in nitric acid; the sulphide is also insoluble in
ammonium sulphide.

EXPERIMENT 114.—To a solution of mercuric chloride
gradually add sulphuretted hydrogen water, shaking
well after each addition. A white precipitate is first
formed, which becomes yellow, orange, and finally black,
when an excess of sulphuretted hydrogen is present.
Allow the black precipitate to settle, pour off the clear
liquid, and show that the precipitate is insoluble in
boiling dilute nitric acid, but soluble in aqua regia.

The Mercurous Compounds

The mercuric compounds are converted by metallic mercury
and by reducing agents into mercurous compounds, which are
reconverted into mercuric salts by oxidising agents.

As the molecular formule of these salts are not known, the
empirical formulz are here used.

Mercurous Oxide, Hg,0, is formed as a dark brown
powder when caustic soda is added to a mercurous salt,—

2HgNO, + 2NaOH = Hg,0 + H,0 + 2NaNO,,

Mercurous Chloride, Calomel, HgCl, is precipitated
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when hydrochloric acid or any chloride 1s added to a solution
of mercurous nitrate. It is usuvally prepared by grinding
together mercury and mercuric - chloride and then heating
the mixture. .

Both the constituents volatilise and combine during con-
densation to form a white sublimate of mercurous chloride.
Calomel readily volatilises when heated, but the vapour is
always found to be a mixture of the vapours of mercury and
mercuric chloride, so that the true molecular formula of the
salt 1s not known. Calomel is insoluble in water and dilute
acids, and can for this reason be readily freed from corrosive
sublimate, which is often present in the crude material. All
that is necessary is towboil the mass with water, filter and
dry.

When it is boiled with aqua regia it is converted into soluble
mercuric chloride,

On the other hand, it i1s formed from mercuric chloride by
the action of many reducing agents, especially phosphorous
acid (p. 87), and stannous chloride, SnCl, (p. 357). The latter
1s a substance which readily combines with chlorine to form
stannic chloride, SnCl,. 'When stannous chloride is brought
into contact with mercuric chloride it first produces mercurous
chloride,—

SnCl, + :31—13;'(31,3 — SnCli + zHgCL

If, however, an excess of the stannous salt be present, the
mercurous chloride loses the whole of its chlorine, metallic
mercury being produced,—

SnCl, + 2HgCl=5nCl, + 2Hg.

EXPERIMENT 115.—To 5 cc. of a solution of mercuric
chloride add two drops of stannous chloride solution—
a white precipitate of calomel is produced.
Now add an excess of stannous chloride and warm—a gray
precipitate of finely divided mercury is formed.
Calomel is largely used in medicine, and i1s much less
poisonous than corrosive sublimate.
Ammonia converts calomel into a black mass, which is a
mixture of metallic mercury and a complicated compound
containing nitrogen.
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Mercurous Iodide, HgI, is a dark green insoluble
powder.

Mercurous Nitrate, HgNO,, is obtained by dissolving
mercury in cold dilute nitric acid, or by digesting mercuric
nitrate with metallic mercury,—

Hg(N03)2 + Hg =2HgNO,,

When it is boiled with nitric acid it is converted into
mercuric nitrate,—

4HgNO, + 6HNO, = 4Hg(NO,), + NO + NO, + 3H,0.

[t is soluble in water, a large amount of which, however,

decomposes the salt, basic compounds being precipitated,

EXPERIMENT 116.—Boil a globule of mercury with 5 cc. of

dilute nitric acid until all action ceases, taking care that
some of the mercury remains. Pour off the solution of
mercurous nitrate, and use separate p{:rrtmns of it for the
following experiments :—

1. Add hydmchlurlc acid—a white precipitate of mercurous
chloride is produced, which becomes black when excéss
of ammonia is added.

. Add potassium iodide—a dark green precipitate of
mercurous 1odide is formed.
3. Add caustic soda—a dark brown, almost black, pre-
cipitate of mercurous oxide is formed.
4. Add about one-third the volume of strong nitric acid and
boil. Brown fumes are evolved, and mercuric nitrate
formed. Add excess of caustic soda—a yellow precipitate
of mercuric hydroxide is produced.
Detection of Mercury.—The dry tests for the detection
of mercury depend on the fact that all the compounds of
mercury yield the metal when they are heated with sodium
carbonate and a reducing agent, and that the metal thus pro-
duced volatilises. The reaction is therefore carried out in a
bulb-tube (as in the case of arsenic, p. 94), in the stem of
Swhich the mercury condenses in minute globules.

Each of the two series of mercury salts has its own
characteristic reactions, those of the mercuric compounds being
quite different from those of the mercurous salts. This is in

[
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accordance with the general rule that the reactions of different
series of salts of the same metal are quite as distinct as those
of different metals. Thus the mercurous salts give a white
insoluble precipitate of mercurous chloride with hydrochloric
acid, and are, therefore, precipitated in the ordinary course
of analysis along with the salts of silver and lead. The
mercuric salts, on the other hand, yield no precipitate with
hydrochloric acid, but are precipitated by sulphuretted hydrogen
in acid solution along with the salts of copper, bismuth, cad-
mium, arsenic, antimony, and tin. Mercuric sulphide differs
from all the other sulphides which are insoluble in hydrochloric
acid and in ammonium sulphide, by being insoluble in nitric
acid. An excellent test for the mercuric salts is the production
of mercurous chloride by the action of hydrochloric acid and a
reducing agent, such as stannous chloride.

SUMMARY

Mercury is liquid at the ordinary temperature and boils at 357°. It
forms two series of salts—the mercuric salts, HgR',, and the mercurous
salts, HgR’. The mercuric salts are converted by metallic mercury or
reducing agents into mercurous salts ; whilst the latter are reconverted into
mercuric salts by treatment with oxidising agents.

The mercuric salts are in many respects similar in properties to those
of zine, but are as a rule less soluble. The black amorphous sulphide is
insoluble in hydrochloric or nitric acid, but dissolves in agua regia.

The mercurous salts, on the other hand, more closely resemble the
silver salts and the cuprous salts (p. 270). The chloride is insoluble in
water and the sulphate only sparingly soluble.

Greneral Properties of the Elements of the Zinc Group

The metals magnesium, zinc, cadmium, and mercury are
closely allied in properties. They are all white metals and
oxidise when heated in the air or oxygen, whilst they do not
decompose water at the ordinary temperature. They all melt
and boil at moderate temperatures, the melting and boiling-
points becoming lower as the atomic weight increases, whilst
the specific gravity increases. This is well shown in the
following table of physical properties :—
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’legnusium. Zinc, | Cadmium. | Mercury.

e = _——— = : | P TSRS

Atomic weight . 24.32 65.37 | 112,40 200.0

|
Melting-point . ; : Il 633" 419° PEar —38.87
Boiling-point | 1100° 918" : 778° gRg
Specific gravity . ‘ 1.75 6.9 - 8.6 13.59

These elements all form series of salts in which they are
bivalent, and form oxides and hydroxides which are insoluble
in water, as are also their carbonates, phosphates, and sulphides.
On the other hand, the chlorides, nitrates, and sulphates are all
soluble 1n water.

The hydroxides of zinc and cadmium act as weak acids
towards strong-bases, whilst those of magnesium and mercury
do not. All the hydroxides readily dissolve in acids forming
salts. Magnesium, zinc, and cadmium dissolve readily in
dilute acids, zinc and cadmium being also soluble in alkals.
Mercury, on the other hand, is insoluble in dilute hydrochloric
or sulphuric acid. The stability of the oxides decreases as
the atomic weight rises, mercuric oxide being easily decomposed
by heat, whereas magnesium oxide cannot easily be decomposed
even at high temperatures and in the presence of reducing
agents, whilst the oxides of zinc and cadmium are intermediate
between these. Mercury differs from the other three metals
of the group in forming a series of salts of the empirical formula
HgR'; these to some extent resemble the salts of silver and of
lead in their properties, the chloride being insoluble in water.

ExErciseEs ovy LEesson XXIV

1. What is the chief ore of mercury, and how is the metal obtained
from it ?

2. Describe what happens when the following substances are heated in
the air: (a) mercury, (4) mercuric oxide, (¢) mercurous chloride, (&)
mercuric nitrate.

3. Describe the preparation of mercuric nitrate and mercurous nitrate
from the metal. How can each of these salts be converted into the other ?
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4. What is meant by an amalgam? How can amalgams be (a) pre-
pared, (#) decomposed ?

5. 110 cc. of mercury vapour, measured at 760 mm. and 40g°, weigh
0.393 gram. Calculate the molecular weight of mercury. The atomic
weight of mercury being 200, what is the molecular formula ?

6. 7.65 grams, of mercuric chloride were distilled with lime and the
metallic mercury liberated was found to weigh 5.65 grams. Calculate the
equivalent of mercury. The equivalent of chlorine=35.5,

7. Contrast the physical and chemical properties of mercury with those
of magnesium and zinc.

8. Compare the properties of the metals of the zinc group with those
of the alkaline earth metals.



LESSON XXV

THE METALS OF THE COPPER GROUP
COPPER. SILVER. GOLD.

Copper, Cu, 63.57

THE name copper (Latin cuprun, from which the symbol for
the element is taken) is derived from the name of the island of
Cyprus, where the metal was produced, and since this island
was sacred to Venus, the name of this goddess was always
associated with copper by the alchemists, who were well
acquainted with the metal. Ores of copper are found in many
parts of the world, the most important being the sulphide,
CuS, known as copper glance, copper pyrites, CuFeS,, and the
basic carbonate, known as wmalachite. The metal is also
found in the free state, often in large masses, the region near
Lake Superior being very rich in this native copper. Copper
1s extracted from its ores on a very large scale by pro-
cesses which will be better understood after some of the pro-
perties of the metal have been studied (p. 265). Either in
the pure state or alloyed with other metals copper is used for
an immense variety of industrial purposes.

Properties of Metallic Copper.—Pure copper has a
very decided red colour, which is best seen by bending a strip
of the clean metal at an acute angle, and looking at the surface
near the bend. The light is there reflected from the copper
surfaces several times and the colour thus intensified. Copper
has the specific gravity 8.9, and melts at the high temperature
of 1080.5°. It is, moreover, very soft and tough, so that it
can be rolled and hammered into very thin leaf (Dutch metal),
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and drawn out into very thin wire. It is an extremely good
conductor of heat and electricity, and is largely used for mains,
cables, and wires for conveying the electric current.

Alloys of Copper.—Copper forms a number of very
valuable alloys, the most important of which are dronze and
gun-metal (p. 352), containing copper and tin ; German stlver
(p- 394), containing copper and nickel ; and érass. The last
of these usually contains about 2 parts of copper to 1 of
zing, and is prepared by adding zinc to melted copper. It has
a yellow colour, and is malleable and easily worked, and at the
same time much harder and stronger than- pure copper.
Copper is also frequently alloyed with silver, gold, and
aluminium, the alloys being described under these metals.

Equivalent and Atomic weight of Copper.—Like
mercury (p. 251) copper forms two well-defined series of salts,
which are known as the cupric and the cuprous salts, in which
it has two different equivalents. Thus, it has been found by
careful analysis that in cupric oxide 31.785 parts of copper are
united with 8 parts of oxygen, whilst in cuprous oxide
twice this amount of copper, 63.57 parts, are combined with
the same amount of oxygen.

The atomic weight of the metal has been decided from the
specific heat, which is 0.94. Hence the atomic weight must

6. - L] L] -
be about e 68. The correct atomic weight 1s, therefore,
0.

taken as 63.57 and we see that in the cupric compounds the
atom of copper replaces two atoms of hydrogen, whilst in the
cuprous compounds it only replaces one atom. These two
series of compounds, therefore, correspond in composition with
the mercuric and mercurous salts (p. 253), and their empirical
formulae, as may be seen in the following list, are precisely
analogous to the formulae of the corresponding mercury
compounds—

Cupric. Cuprous.
Oxide : : ) g Cu,O
Sulphide . : . o Eas Cu.S
Chloride . : ! e CuCl

As in the case of the corresponding mercury compounds
some doubt exists as to the true molecular formula of the cuprous
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compounds. It is, however, most probable that the chloride
has the formula Cu,Cl, its constitutional formula being
Cl.Cu.Cu-CL

Metallic copper does not decompose water either at the
ordinary temperature or when heated to redness in steam. It
however, readily combines with oxygen when it is heated in
the air or oxygen, forming the two oxides.

EXPERIMENT 117.—Heat a few pieces of thick copper
wire for some time in a small porcelain basin over a
large flame. The metal oxidises and becomes black on
the surface, and if this black layer be stripped off it is
found to be red on the under surface.

The red lining of the layer of oxide is cuprous oxide,'Cu,0O,

whereas the outer black portion is cupric oxide, CuO.

Both the oxides readily lose their oxygen to reducing agents
and are converted into metallic copper, and hence copper does
not act as a strong reducing agent, as do the metals sodium
and magnesium, which form very stable oxides., On the other
hand, the oxides readily act as m-;idising agents, as do the
G\Idtb of silver and mercury.

EXPERIMENT 118.—Mix a few grams. of charcoal with
copper oxide, place the mixture in a hard glass-tube
closed at one end, and provided with a'cork and glass
conducting-tube bent at a right angle, and dipping into
some lime-water. When the mixture is heated the
carbon burns at the expense of the oxygen of the copper
oxide, carbon dioxide is evolved, and metallic copper
formed,—

2Cu0 + C=2Cu + CO,

Copper is not acted on to an appreciable extent by dilute
sulphuric or hydrochloric acid, and in this respect resembles
both mercury and silver. Concentrated sulphuric acid acts
upon it when heated, sulphur dioxide being evolved and copper
sulphate formed (compare mercury and silver),—

Cu + 2H,S0,=CuSO, +2H,0 + 50,

Nitric acid, dilute or concentrated, acts on it readily, oxides
of nitrogen being evolved and copper nitrate produced (R.
and L., p. 156),—
3Cu + 8HNO, = 3Cu(NO,), + 2NO + 4H,0.
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The action of nitric acid on metals is a very complex one and as a rule
yields instead of hydrogen a mixture of products derived from nitric
acid by reduction. The exact mixture produced in any particular case
depends on the temperature, the concentration of the acid and the nature
of the metal.

The equations generally stated as representing the change, such as that
given above, are therefore only applicable to a part of the reaction which
occurs. The nitric oxide formed from copper according to the above
equation, for example, is usually accompanied by nitrogen peroxide,
formed as follows,—

Cu+4HNO;=2NO, + Cu(NO,),+2H,0

When a more concentrated acid is used, this becomes the chief reaction.
The oxides NO,, NO, N,O, free nitrogen, ammonia and hydroxylamine
are all formed by the action of metals on nitric acid under the proper
conditions. The action of the acid moreover seems to depend on the
presence of nitrous acid, as pure nitric acid has no action on metals.

EXPERIMENT 119.—Treat some copper turnings in a test-
tube with the following acids, both dilute and concen-
trated, and note the action in each case, first in the cold
and then on warming :(—

Hydrochloric acid, nitric acid, sulphuric acid.

The Metallurgy of Copper.—The ore which is most
largely employed as a source of metallic copper is copper
pyrites, which in the pure state has the composition CuFeS,,
but usually occurs mixed with iron pyrites, FeS,, and often
with the sulphides of zinc, lead, and other metals. In order to
obtain metallic copper from this ore a somewhat lengthy series
of operations 1s necessary. The process depends on the fact
that when the ore is calcined or roasted, 7.e. heated in a current
of air, the iron and other metals are oxidised before the copper,
so that when only a small amount of air is admitted, a portion
of the iron and the other metals 1s oxidised, whilst most of the
copper remains combined with sulphur.

In order to remove the metallic oxides thus formed, the
roasted ore is next smelted, or melted up with sufficient silica,
in the form of sand or quartz, to unite with the oxides and form
an easily fusible silicate, such as FeO - 510, or FeSiO,, which
1s known as sfag. This floats on the denser mass of fused
sulphides, and can readily be run off and thus separated from
the latter.

1. These two processes are carried out with the ore, and
the product is then known as cearse mefal, and consists of

¥
w
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almost equal amounts of copper, iron and sulphur, whereas the
original ore often contains only 10 to 20 per cent of copper.

2. The coarse metal is then again subjected to similar
treatment. It is first calcined, by which process most of the
remaining iron is converted into oxide, whilst the copper is
left for the most part still combined with sulphur. Silica is
then added, and the whole mass melted in a reyerberatory
furnace, the slag being separated as before. The product is
known as w/hite mefal, and has almost the composition of
cuprous sulphide, Cu,S, but contains a small amount of iron
and other impurities.

3. The white metal is then roasted in a reverberatory furnace
in a slow current of air, and the sulphur is thus removed in the
form of sulphur dioxide, metallic copper being left behind,—

Cu,S + O, =2Cu + S0,,

The metal thus produced is full of cavities caused by the
escaping sulphur dioxide, and is therefore known as &/ister copper.

4. The metal is then refined in order to free it from the
foreign metals which it still contains. This is done by melt-
ing the blister copper and exposing it to air, which converts the
foreign metals into their oxides ; these float as a scum on the
surface of the copper and are removed. A small amount of
copper oxide is also produced, which would render the finished
metal hard and brittle if it were allowed to remain. This is
removed by the process of poling, which consists in stirring
the molten metal with a pole of green wood, the gases from
which reduce the oxide to metal and thus leave the copper soft
and tough.

It will be observed that the whole of the sulphur of the ore
is removed in the form of sulphur dioxide, whilst the iron passes
into the slag as ferrous silicate.

The various stages of the process may be summarised as
follows :—

1. a. Roasting for coarse metal.
6. Smelting for coarse metal.
. a. Roasting for white metal.
4. Smelting for white metal.
Roasting for blister copper.
4. Refining.

b

.

il il



LESSON XXV THE CUPRIC COMPOUNDS 267

The foregoing is the process chiefly employed in England,
but numerous other dry processes exist, for the details of which
a work on metallurgy must be consulted. The crude copper
obtained by smelting is frequently refined by a process of
electrolysis which is described on p. 306.

Extraction of Copper by the Wet Method.—The
ore is heated with common salt and then washed with water,
which extracts the copper chloride. The copper is precipi-
tated from the solution by metallic iron, and is then fused and
refined,—

CuCl, + Fe=FeCl, + Cu.

This process is largely used for the extraction of the small
percentage of copper which is present in the pyrites used for
the manufacture of sulphuric acid. The pyrites is burnt in
the usual way for the production of sulphur dioxide, and the
burnt residue treated as described above.

The Cupric Compounds

Cupric Oxide, Black Oxide of Copper, CuO, is
formed, as already mentioned, when copper is heated for a con-
siderable time in a good supply of air, and is often made by
heating thin copper wire, the form of which it retains. It can
also be prepared by heating the carbonate or nitrate,—

2Cu(NO,), = 2Cu0 + 4NO, + O,

It is readily reduced to metallic copper by hydrogen, coal-
gas, or carbon, and is used in organic analysis for the com-
bustion of organic compounds. The following equation, for
example, represents its action on alcohol,—

6Cu0O + C,H,0 =2CO, + 3H,0 + 6Cu.

When fused with borax it gives rise to a blue mass, whilst
it colours glass green.

Cupric Hydroxide, Cu(OH),, is not formed by the
direct action of water on the oxide, but is precipitated as a
light blue mass when caustic soda is added to a solution of
copper sulphate. If the precipitation be carried out in the
boiling solution, the hydroxide loses part of its water and
becomes brown. Copper is frequently estimated gravimetric-
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ally by being precipitated in the form of this hydroxide, which,
after careful washing, is dried, converted by heat into the
oxide, and weighed,—

Cu(OH), = CuO + H,0.

The hydroxide dissolves readily in acids, forming the cupric
salts, which form blue or green solutions in water. .

EXPERIMENT 120,— 1. Heat a crystal of copper nitrate in a
dry test-tube. Water is given off, and then the nitrate
decomposes—a brown gas is evolved and black copper
oxide left behind.

2. To a cold solution of copper sulphate add caustic soda
solution—a light blue amorphous precipitate is produced,
insoluble in excess of caustic soda, readily soluble in
acids,

3. To a boiling solution of copper sulphate add caustic soda
solution—a brown precipitate is formed.

Cupric Sulphate, CuSO, + 5H,O, has long been known
as blue vitriol or blue stone. It is often formed in nature by
the partial oxidation of the sulphide, and is artificially prepared
on the large scale by roasting the sulphide,—

and extracting the resulting sulphate by water. It may be
prepared on the small scale by heating copper in the air and
dissolving the resulting oxide in dilute sulphuric acid. It
forms blue crystals (Fig. 34, p. 137), and is readily soluble in
water, forming a solution which is acid to litmus paper (p.
160). As previously described (p. 20), the salt loses water and
becomes white when heated to 200°. '
EXPERIMENT I21.—Dissolve about 5 grams. of copper oxide
in dilute sulphuric acid (1 of acid to 3 of water), taking
care that some of the oxide is left undissolved ; filter
and evaporate until crystals begin to form on the sur-
face, On cooling copper sulphate crystallises out.
When ammonia solution is added in excess to copper
sulphate solution, the precipitate which is at first formed re-
dissolves, and a deep blue liquid is formed, which contains
cuprammonium sulphate, CuSO, + 4NH, + H,0, and this salt
is deposited in deep blue crystals when alcohol is added to the
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solution. It may be regarded as hydrated copper sulphate,
CuSO, + 5H,0, in which four of the molecules of water have
been replaced by ammonia, and this ammonia is evolved when
the salt 1s heated or exposed to the air, just as is the case
with the water of the crystallised copper sulphate. Similar
compounds are formed by other cupric salts.

EXPERIMENT 122.—To 5 cc, of a cold saturated solution
of copper sulphate add strong ammonia until the pre-
cipitate redissolves—a deep blue solution results,

Cupric Sulphide, CuS, is produced as a black precipitate
when sulphuretted hydrogen is passed into a solution of a
cupric salt. It is insoluble in hydrochloric acid, but dissolves
in nitric acid. The moist precipitated sulphide absorbs oxygen
from the air, forming the soluble sulphate,

EXPERIMENT 123.—DPass sulphuretted hydrogen into ¢ cc.
of a solution of copper sulphate, Filter, wash with water,
and treat a portion of the precipitate with hot dilute nitric
acid. Allow the remainder of the precipitate to remain
on the filter paper for half an hour, and again wash with
water ; the filtrate comes through blue, and contains
copper sulphate, formed by the oxidation of the sulphide
by the atmospheric oxygen.

Cupric Nitrate, Cu(NO,),, is prepared by dissolving
metallic copper in nitric acid and evaporating the solution.
[t forms blue crystals, containing 3 molecules of water, and
decomposes when heated, leaving the black oxide.

EXPERIMENT 124.—Dissolve 5 grams. of copper turnings
in hot dilute nitric acid (1 of acid to 3 of water), evapo-
rate to small bulk, cool and filter off the crystals of the
nitrate.

Cupric Chloride, CuCl,, 1s obtained in a similar manner
to the other salts by dissolving the oxide or carbonate in
hydrochloric acid. It forms soluble green crystals, CuCl, +
2H,0, which lose their water on heating and leave the anhyd-
rous chloride as a dark brown mass. When more strongly
heated the chloride decomposes, forming cuprous chloride and
free chlorine,—

3(31_1(3]2 = CUECLJ L le

Cupric Carbonate is not known in the pure state. The
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precipitate produced by sodium carbonate in a solution of a
cupric salt and the beautiful green mineral malachite are both
basic carbonates.

The latter i1s a valuable ore of copper, and is also used for
ornamental purposes. The green “rust” formed by the
action of air and water on copper has the same composition
as malachite, and is often known as werdigris, although this
name 1s also applied to copper acetate.

The Cuprous Compounds

The cuprous compounds contain a larger proportion of
copper than the cupric compounds, from which they are pre-
pared by treatment with metallic copper, or by removing a
portion of the element with which the copper is combined.

Cuprous Chloride, Cu,Cl,, can be prepared from cupric
chloride by both of the methods just referred to. When an
acid solution of cupric chloride is treated with sulphurous
acid, the following reaction occurs,—

2CuCl, + H,SO, + H,0 = Cu,Cl, + 2HCl + H,S0,,

and cuprous chloride is precipitated as a white powder. It is
usual to employ a mixture of the cheaper cupric sulphate with
sodium chloride instead of cupric chloride.

Cuprous chloride can also be prepared by boiling cupric
oxide with metallic copper, in the form of turnings, and
concentrated hydrochloric acid. The oxide dissolves, form-
ing cupric chloride, which is then acted on by the metallic
copper,—

CuCl, + Cu = Cu,ClL,

The cuprous chloride remains dissolved in the hydrochloric
acid, but 1s precipitated by the addition of water. It i1s a
white powder, which, like silver chloride, becomes coloured
violet on exposure to light. It dissolves easily in ammonia,
forming a colourless solution if all oxygen has been excluded.
This solution very readily absorbs oxygen, and becomes blue
from the formation of a cupric salt, and also absorbs both car-
bon monoxide and acetylene, and is much used in gas analysis
for the estimation of these two gases and in water analysis for
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the estimation of dissolved oxygen. When strongly heated
cuprous chloride volatilises, forming a vapour which has the
density 99, corresponding with the formula Cu,Cl,

EXPERIMENT 125.—1I. Place in a flask 5 grams. of copper
turnings, 6 grams. of cupric oxide, and 50 cc. of concen-
trated hydrochloric acid and boil for 15 minutes.
Pour the resulting solution into §oo cc. of water, allow
to settle, wash by decantation, and finally filter off the
white cuprous chloride which 1s formed.

2. Dissolve 25 grams. of crystallised copper sulphate and
12 grams. of common salt in about 70 cc. of water in a
beaker, and pass in sulphur dioxide until the liquid
smells strongly of the gas, even after standing for some
time. Cuprous chloride slowly crystallises out. Filter
off, wash, drain, and allow to dry. About 7 grams. of
the chloride should be obtained.

The sulphur dioxide may be prepared by the action
of hot sulphuric acid on copper turnings, or, more con-
veniently, by gradually adding concentrated sulphuric
acid to a saturated solution of sodium bisulphite. The
cuprous chloride becomes slightly yellow when washed
with water, and when dried in the air becomes gradually
green, owing to the formation of an oxychloride,

3. Dissolve 1 gram. of cuprous chloride in ammonia and
pour the solution into a jar of acetylene. The gas is
absorbed and a thick red precipitate of cuprous acetylide
produced. The acetylene may be prepared by placing
a small piece of calcium carbide in the water of a
pneumatic trough, and inverting over it a jar filled with
water.

Cuprous Ozxide, Red Oxide of Copper, Cu,O, is
formed when cupric oxide is very strongly heated, one-half of the
oxygen being evolved, and it is therefore also produced when
metallic copper is strongly heated in the air. It is, however,
best prepared by warming a cupric salt in presence of caustic
soda with some reducing agent, such as grape sugar or invert
sugar, when the oxide is precipitated as a bright red crystal-
line powder.

EXPERIMENT 126.—Add 1 cc. of a 10 per cent solution

of grape sugar to 5 cc. of 3 per cent copper sulphate
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solution, and then add an excess of caustic soda solu-
tion. In presence of the sugar the copper hydroxide
redissolves, forming a deep Dblue solution. Warm
gently—a bright red precipitate of cuprous oxide is
formed.

When cuprous chloride is decomposed by caustic soda a
yellow mass of cuprous kydroxide, Cu,(OH),, is produced.

Cuprous oxide imparts a red colour to the borax bead, and
hence the blue copper bead becomes red when it is strongly
heated in the reducing flame.

Cuprous Iodide, Cu,l, is the only known iodide of
copper. When potassium iodide is added to copper sulphate,
this iodide is formed together with fré8 iodine, instead of the
cupric iodide which might have been expected,—

2CuSO, + 4KI =Cu,I, + I, + 2K,S0,.

Cupric salts can be estimated volumetrically by means of
this reaction, the amount of iodine liberated being ascertained
by titration with sodium thiosulphate (p. 165). In order to
prepare the pure iodide and utilise the whole of the iodine, a
reducing agent such as sulphurous acid or. ferrous sulphate is
added,—

2CuSO, + 2KI + H,S0; 4+ H,0 = Cu,l, + 2ZKHSO, + H,SO,.

This reaction may be employed for the qualitative separa-
tion of iodides from chlorides and bromides, since the last two
do not give any precipitate with copper sulphate and sulphur-
ous acid, except in concentrated solutions.

Cuprous iodide, like the chloride, is a white powder which
is insoluble in water.

EXPERIMENT 127.—1. To 5 cc. of a 10 per cent solution
of potassium iodide add copper sulphate solution—a
brown solution and a thick precipitate are formed.
Filter and wash. The white precipitate is cuprous
iodide, whilst the filtrate contains free iodine (test by
starch solution).

2. To a second 5 cc. of potassium iodide solution add a
crystal of sodium sulphite and acidify with dilute sul-
phuric acid, then add copper sulphate solution until the
supernatant liquor is green. No iodine is liberated in

S ——
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this case, and twice as much cuprous iodide is formed
as in the preceding experiment.
Cuprous Sulphide, Cu,S, is a black mass which is pro-
duced when copper burns in sulphur vapour, and when cupric
sulphide is gently heated in absence of air,—

2CuS = Cu,S + 5.

Detection of Copper.—All copper compounds yield the
metal when they are strongly heated with reducing agents in
the reducing flame on charcoal. Moreover, they celour the
borax bead blue in the oxidising flame and red in the reducing
flame, a colourless bead being obtained when the reduction is
incomplete. Compounds of copper when moistened with strong
hydrochloric acid colour the Bunsen flame a brilliant green.

Copper is precipitated from acid solutions of the cupric
salts by sulphuretted hydrogen in the form of cupric sulphide,
which is insoluble in ammonium sulphide and dissolves in hot

dilute nitric acid, forming a pale blue solution of the nitrate.
Ammonia added to this produces a deep blue coloration.

SUMMARY

Copper is a red metal, which only melts at a high temperature. It
becomes oxidised when it is heated in the air, but the oxide is easily de-
composed by reducing agents. It dissolves readily in nitric acid and in
hot sulphuric acid, but not in hydrochloric acid.

Copper forms two series of salts : the cupric salts, in which each atom of
copper replaces two atoms of hydrogen, and the cuprous salts, in which
each atom of copper replaces one atom of hydrogen.

The cuprowus salts readily undergo oxidation and pass into the cupric
salts. The best known are the chloride and iodide, which are white and
very sparingly soluble in water. Cuprous oxide is red and has basic pro-
perties, whilst the sulphide is black. The cupric salts form blue or green
crystalline hydrates, and aqueous solutions of the same colour, whilst the
anhydrous salts are often of a different colour, The chloride, nitrate, and
sulphate are all readily soluble in water ; the carbonate and sulphide are
insoluble. The oxide is black and forms salts with acids but not with
bases.

EXERCISES ON LEsson XXV

1. What are the chief physical properties of copper?
2. What are the chief ores of copper? How can the metal be ob-
tained from copper pyrites?

T
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3. Describe the action of (¢) hydrochlorie acid ; (&) nitric acid; (c)
sulphuric acid on copper. How does this metal differ from zinc in its
behaviour to these acids ?

4. How would you attempt to prepare pure copper oxide from brass?

5. How are copper sulphate and copper nitrate prepared? How much
metallic copper is contained in one ton of crystallised copper sulphate?

6. What occurs when the following substances are added to a sclution
of copper sulphate :—(a) metallic iron; (#) metallic mercury ; (¢) caustic
soda solution ; () potassium iodide solution ; (¢} ammonia ?

7. Describe the preparation of cuprous chloride and ecuprous oxide
from copper sulphate. How can cuprous chloride be converted into
cupric chloride ?

8. 1.253 grams. of pure cupric oxide yield 1 gram. of copper when
heated in hydrogen. Calculate the equivalent of copper.

el
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THE METALS OF THE COPPER GROUP (Cont.)
Silver, Ag, 107.88

SILVER was one of the seven metals known to the early
alchemists, and was associated by them with the moon, the
name Luna and the symbol of the crescent moon being given
to it. This old association still exists in the common name
given to silver nitrate when used as a caustic, it being termed
lunar caustic. The Latin name for this metal is argentum,
from which the modern symbol for the metal is derived.

The metal is sometimes found in the free state, but more
usually combined with sulphur, antimony or chlorine, as silver
sulphide or silver glance, Ag,S, silver thiantimonite or
pyrargyrite, Ag,SbS,, and silver chloride or /Zorn silver, AgCL
It also occurs as the sulphide in galena or lead sulphide, and
in the process of lead manufacture from this ore, the silver
remains with the lead.

Properties of Metallic Silver.—Silver is a white metal
which has the density of 10.5 and melts at 960°. It conducts
both heat and electricity better than any other metal and can
readily be drawn out into wire and hammered into thin leaf,
A very thin film of the metal transmits blue light. At the
high temperature of the oxyhydrogen flame or the electrical
furnace silver can readily be distilled, forming a blue vapour.
The fused metal absorbs oxygen from the air, but this is given
out with effervescence as the metal cools, this phenomenon
being known as the “spitting ” of silver.

Silver is not altered by being heated in the air, and does
not form an oxide under these circumstances. It behaves
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towards acids in a similar manner to copper, being dissolved
by nitric acid with evolution of oxides of nitrogen, and by
concentrated boiling sulphuric acid with evolution of sulphur
dioxide, whilst it is insoluble in hydrochloric acid. It readily
combines with sulphur to form the insoluble black sulphide,
and with chlorine to form the insoluble chloride.

Aftomic Weight of Silver—Formulse of the Silver
Salts. — The equivalent of silver has been wvery carefully
determined in the manner which has already been described
(p. 63), and has been found to be 107.88 The metal does
not form any volatile compounds, and its atomic weight has
therefore been settled by the atomic heat method, and has
thus been found to be identical with the equivalent.

Silver forms only one series of salts, and in these replaces
a single atom of hydrogen, so that the formulae of these salts
are analogous to those of the salts of potassium and sodium,
as well as to the empirical formule of the cuprous and aurous
salts.

Alloys of Silver.—Pure silver, like pure copper, is too
soft to be used for coinage or jewellery, and it is therefore
usually alloyed with a certain amount of copper. The standard
British coinage contains 7.5 per cent of copper or 925 parts of
silver per thousand, and has been made of this particular
percentage since the year 1477.

Preparation of Pure Silver.—In order to prepare pure
silver from the alloy with copper, the latter i1s dissolved in
nitric acid, which converts both the metals into their nitrates.
Hydrochloric acid is then added which precipitates the silver
in the form of the insoluble chloride, whilst the copper remains
in solution. The silver chloride is then filtered off, well
washed, and converted by reduction into metallic silver. This
may be done in several ways, the most convenient of which on
the small scale is to boil the chloride with pure caustic soda
and grape sugar, and then filter and wash the mass obtained,
or to reduce the chloride by means of pure zinc and dilute
sulphuric acid, or by heating it 1n a current of hydrogen.

EXPERIMENT 128.—Dissolve about 0.5 — 1 gram. of ordinary

silver coin (half a threepenny piece) in hot dilute nitric
acid (1 of concentrated acid to 1 of water), dilute with
water, and add hydrochloric acid until no further pre-
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cipitate is produced. Allow to settle, pour off the clear
liquid, add hot distilled water, and repeat this washing
by decantation until the clear liquid is free from hydro-
chloric acid and gives no precipitate with silver nitrate
solution. Add two or three fragments of pure zinc and
25 cc. dilute sulphuric acid, and stir at intervals until all
the zinc has been dissolved. Boil, allow to settle, and
wash the reduced silver by decantation until it is free
from acid.

The Metallurgy of Silver.— The process which is
adopted for the extraction of silver from its ores depends
largely upon the character of the latter and on the amount of
fuel which is available. In England the ores are decomposed
by being heated with metallic lead, the excess of which forms
an alloy with the silver,—

2AgCl + Pb=2Ag + PbCl,

In order to separate these two metals a process known as
cupellation is adopted, which depends on the fact that silver
does not unite with oxygen when it is heated in the air,
whereas lead forms an easily fusible oxide, termed litharge.
The alloy of the two metals is heated in a current of air on a
hearth made of bone-ash or fire-clay, which is termed a cupel.
The lead is thus gradually converted into litharge, which flows
away in the molten state, whilst the silver is left behind. A
large amount of silver is also extracted by this method from
the metallic lead obtained by the smelting of galena. A
concentrated alloy of silver is first obtained by a process which
is described under lead (p. 363), and this is then cupelled.

In Mexico, where fuel is scarce, an entirely different
process is employed, the silver being converted into an
amalgam with mercury. The ore is finely ground with water
and is then thoroughly mixed with common salt, and after-
wards with impure copper sulphate, metallic mercury being
subsequently added. Copper chloride is formed, and this
converts the silver sulphide present into chloride,—

2CuCl, + 2Ag,S = 4AgCl + Cu,S + S.

The silver chloride thus produced, together with that origin-
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ally present in the ore, is decomposed by the mercury, yielding
metallic silver and mercurous chloride,—

AgCl + Hg = HgCl + Ag.

The silver forms an amalgam with the excess of mercury,
and this 1s washed, strained through canvas, and distilled from
an iron retort. The mercury volatilises, leaving the metallic
silver behind. A :

Silver 1s also extracted from certain ores in the wet way.
The roasted ore is first heated with salt which converts the
silver into the chloride. This is then dissolved out by means
of sodium thiosulphate solution and the silver precipitated by
sodium sulphide solution. The sodium thiosulphate is thus
regenerated and is used over again,—

2AgCl + 3Na,S ngﬁgESEOH-ENaESEDE+ 2NaCl
Ag,S,0, _Naz 305+ Na,5 = Ag,S + 3Na,S,0,.

The resulting silver sulphide is then roasted in the air and
- the crude silver finally melted with lead and cupelled.

Compounds of Silver

Silver Nitrate, AgNO,, is prepared by dissolving the
metal in nitric acid and evaporating to dryness. It crystallises
in plates and is very readily soluble in water. Since most of
the silver salts are insoluble in water the nitrate is largely
used for the preparation of the remaining salts for use in
photography and for electroplating, etc.,, as well as in ana-
lytical chemistry for the detection of many acids, which form
characteristic silver salts; when cast into thin sticks or
pencils it is a valuable surgical material, /unar caustic. The
nitrate decomposes when strongly heated, metallic silver being
produced.

EXPERIMENT 129.—1. Heat a portion of the metallic silver
obtained in Experiment 128 with dilute nitric acid, filter
if necessary, and evaporate to complete dryness. The
residue consists of silver nitrate, which must be gently
heated on a sand-bath until it melts, in order to remove
free nitric acid.

. Heat a small portion of the nitrate strongly in a test-
tube—brown fumes are evolved and metallic silver left.

]
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Silver Oxide, Ag,0, is a brown powder which is formed
when pure caustic soda is added to. a solution of silver
nitrate,— Fhees

2AgNO; + 2NaHO =Ag,0 + H,0 + 2NaNO,.

It dissolves in ammonia, but is insoluble in caustic soda.
When it 1s heated it decomposes into silver and oxygen,—

2Ag,0 = 4Ag + O,

The solution obtained by adding ammonia to silver nitrate
until the precipitated oxide is redissolved, deposits a bright film
of silver when it is heated with grape sugar, milk sugar, or a
tartrate, the oxide of silver being reduced and the organic
compound oxidised,—

Ag,0 + organic compound = 2Ag + [O + organic compound].

This process is used for producing a film of bright silver on
the mirrors of reflecting telescopes. :

EXPERIMENT 130.—I. To 5 cc. of a 0.5 per cent solution
of silver nitrate solution add a drop of a solution of
pure caustic soda—a brown precipitate of silver oxide is
formed, which is insoluble in excess.

2. To a second 3 cc. add dilute ammonia solution until
the brown precipitate redissolves. Then add a few
drops of a solution of grape sugar and warm gently—a
bright mirror of silver is deposited on the walls of the
test-tube.

Silver Chloride, AgCl, is formed as a white curdy pre-
cipitate when hydrochloric acid or a soluble chloride i1s added
to a solution of silver nitrate. It i1s also found as a mineral,
known from its semi-transparent appearance as Aorn silver.
The chloride is readily soluble in dilute ammonia, forming a
compound, 2AgCl4 3NH,. Silver i1s usually estimated gravi-
metrically in the form of silver chloride, which is practically
insoluble in water and can be melted without undergoing any
decomposition. The volumetric estimation of soluble chlorides
also depends on the formation of this salt. For this purpose
a standard solution of silver nitrate is used, and this 1s added to
the solution containing the chloride (to which a few drops of
potassium chromate solution have been added), until the whole
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of the chloride has been precipitated. As soon as this is the
case the further addition of silver nitrate produces a permanent
red precipitate of silver chromate, thus indicating the end of
the reaction,

EXPERIMENT 131.—1. To I cc. of a 10 per cent solution of
potassium chromate add a few drops of silver nitrate
solution—a red precipitate of silver chromate is formed.
To this add a few drops of a solution of sodium chloride
and shake—the red precipitate is decomposed and white
silver chloride formed. _

This is due to the fact that silver chromate is decomposed
by chlorides, and is therefore not formed until the whole
of the latter have been precipitated.

2. To this solution now add silver nitrate gradually,
shaking after each addition ; as soon as all the chloride
has been decomposed, a permanent red precipitate of
silver chromate is formed.

Silver Bromide, AgBr, is a pale yellow powder which is
formed when bromine acts on silver, and when potassium
bromide is added to a solution of silver nitrate. This compound
is insoluble in nitric acid, but is much less readily soluble in
dilute ammonia than the chloride.

Silver Iodide, Agl, is an insoluble yellow powder which
closely resembles the bromide, but is insoluble in dilute ammonia,
and only very sparingly soluble in concentrated ammonia.

EXPERIMENT 132.—1I. To 5 cc. of 0.5 per cent silver nitrate
solution add excess of potassium bromide solution—a
pale yellow precipitate is produced which is insoluble in
nitric acid, but is soluble in a large amount of dilute
ammonia,

2. To 5 cc. of silver nitrate solution add excess of potassium
iodide solution, and test the solubility of the precipitate
in nitric acid and ammonia.

Action of Light on the Silver Salts; Photography.—

When silver chloride is exposed to light it becomes violet.

EXPERIMENT 133.—To a solution of silver nitrate add a
slight excess of sodium chloride solution, and wash well
by decantation until a portion of the clear liquid gives no
precipitate with silver nitrate. Expose the precipitate in
presence of a little water to sunlight for half an hour,
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filter and add silver nitrate—a white precipitate is at
once produced.

This shows that chlorine 1s evolved when the chloride
blackens under water. The amount of the chloride which
undergoes the change is, however, very small, and no change
occurs at all in the absence of air or moisture. The amount
of chlorine evolved under the action of light becomes greater
when some substance capable of absorbing the chlorine, such
as excess of silver nitrate, is present,

This decomposition of silver chloride is made use of for the
production of photographic pictures on paper. Paper is coated
with anemulsion of silver chloridein gelatine containing dissolved
silver nitrate, and this is exposed to light under the negative
(see below). A brown coloured image is thus produced, which
can be made permanent by simply washing out the excess of
silver nitrate with water, and removing the unaltered silver
chloride by means of a “fixing” solution of sodium thio-
sulphate. It is usual before fixing the image in this way to
““tone ” the print, that is to say, to place it in a solution con-
taining a salt of gold. The silver of the image is thus replaced
by gold, a print of more agreeable tone being produced,—

3Ag + AuCl, = Au + 3AgCL

The salt of gold generally employed is the chloride, or a
mixture of a solution of this salt with one of potassium thio-
cyanate.

An ordinary dry plate or piece of bromide paper, on the
other hand, is coated with an emulsion of finely-divided silver
bromide and iodide with gelatine, no silver nitrate being
present. 'When this is exposed in the camera no visible change
occurs, but the parts of the film which have been exposed to
light are found to be more easily reduced to metallic silver than
the original bromide. Hence when the plate is treated with
certain mild reducing agents, such as ferrous oxalate, an alkaline
solution of pyrogallic acid, etc., the unexposed part of the film
1s not affected, whereas the exposed part is reduced to metallic
silver, the thickness of image produced at each spot depending
on the brightness of the light which has fallen upon it, and a
dark image of metallic silver is thus developed. The unaltered
silver bromide is then dissolved out by sodium thiosulphate,
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so that an image is obtained which is called a wegative,
because it is dark and opaque wherever the original object was
bright and white, whilst it is clear and transparent where the
original was dark. A positive picture is finally obtained by
allowing light to pass through this negative on to a second
sensitive film, and developing and fixing as before, or by
printing an image by means of the gelatmn-chlunde paper
described above.

Silver Sulphide, Ag,S, occurs as the mineral si/ver
Zlance, and 1s precipitated as a black amorphous mass when
sulphuretted hydrogen 1s passed into a solution of silver
nitrate.

This substance i1s also formed by the action of sodium
sulphide or of sulphuretted hydrogen on metallic silver, hydrogen
being evolved,—

2Ag+ H,S=Ag,S + H,,

2Ag + Na,S+2H,0=Ag,S+ H, + 2NaOH.

This reaction is made use of in testing hy the dry method
for sulphur compounds.

EXPERIMENT I34.—Heat a crystal of zinc sulphate along
with sodium carbonate on charcoal in the reducing flame
of the blowpipe, and place the fused mass on a moistened
silver coin; a black stain of silver sulphide is at once
produced.

Silver Sulphate, Ag,SO,, is best prepared by dissolving
the carbonate in dilute sulphuric acid; it is a white salt which is
only slightly soluble in water, and is precipitated when a soluble
sulphate is added to a concentrated solution of silver nitrate.

Silver Cyanide, AgCN, is precipitated as an amorphous
white mass when a solution of potassium cyanide is added to one
of silver nitrate. It dissolves in excess of potassium cyanide,
a double salt, KCN.AgCN, being formed. The solution is
much used as a source of silver in electroplating.

Detection of Silver.—Silver can very readily be detected
by means of the characteristic properties already described.
The following are the tests usually employed :—

1. All the compounds of silver are reduced to the metal
when they are heated with sodium carbonate on charcoal before
the blowpipe—
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2AgNO, + Na,CO, =Ag,CO, + 2NaNO,,
2Ag,CO,=4Ag +2C0, + O..

2. Hydrochloric acid added to a solution of a silver salt
produces a white precipitate of the chloride, soluble in dilute
ammonia, insoluble in nitric acid.

SUMMARY

Silver is a white metal, which melts at a somewhat lower temperature
than copper. It dissolves in dilute nitric acid and in hot concentrated
sulphuric acid, but not in hydrochloric acid. It does not form an oxide
when heated in the air.

Silver only forms one series of salts, and in these each atom of the
metal replaces one atom of hydrogen. The nitrate is easily soluble in
water and the sulphate sparingly soluble, whereas most of the other salts
are insoluble. The brown oxide has basic properties, and decomposes
when it is heated.

Gold, Au, 107.2

Gold has always been prized on account of its beauty, its
permanence in the air, and its rarity. The whole aim of the
alchemists, the first students of chemistry, was to prepare
this precious metal from the more common and baser metals
which were known to them. In token of its superiority gold-
was associated by them with the sun.

Gold is nearly always found in the free state in nature, but
alloyed with silver, and often with copper and other metals.
It occurs disseminated through quartz veins, penetrating other
rocks, and the metal is often present in a very finely divided
state, often in no larger proportion than 1 to 70,000 of quartz,
although it is sometimes found in comparatively large masses
or nuggets. The sand and soil formed by the gradual break-
ing up of gold-bearing rocks also contain the gold, and these
alluvial deposits are usually the first to be worked for the
metal, as has been the case in California (1849), Australia
(1851), and Klondike (1896). The gold-bearing rock itself is
also attacked, shafts being sunk into the quartz reefs, and the
rock mined and brought up to the surface for extraction.

Extraction of Gold.—The gold which occurs in the
alluvial beds of soil, gravel, sand, etc.,, 1s extracted by the
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simple process of washing, which is carried out by stirring the
whole up with water and pouring off the lighter materials, the
heavy gold being left at the bottom. In some districts the
soil is broken up by jets of water under great pressure, and is
washed into carefully prepared channels, at the bottom of
which the metallic gold collects (Fig. 45). In order to
extract gold from quartz, the latter is pounded up as in a

Fig. 45

mortar by a steel “stamp,” and the finely powdered ore,
mixed with water, is then allowed to flow over copper plates
amalgamated with mercury, with which the gold combines.

When the quartz only contains an extremely small pro-
portion of gold, the latter can be extracted by the action of
dilute potassium cyanide solution on the finely divided mass.
In the presence of air the cyanide dissolves the gold according
to the equation,—

2Au + 4KCN + O + H,0 = 2KAu(CN), + 2KOH.
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The solution containing the gold is then run on to metallic
zinc, which precipitates the metal,—

2KAu(CN), 4+ Zn=2KCN + Zn(CN), + 2Au.

Gold can also be extracted by treating the ore with chlorine,
and washing out the gold chloride which is produced by means
of water,

Properties of Gold. — Gold is characterised by its
brilliant yellow colour, which remains unaltered in the air.
It is the most malleable and ductile of all the metals, and can
be beaten out into leaves of which 280,000 make a pile 1 inch
in height, and drawn into wire of which about 2 miles weigh
1 gram. Ordinary gold-leaf has a thickness of o.0001 mm.,
and transmits green light. The metal has the specific gravity
19.3, and melts at the high temperature of 1061.7°. Pure
gold i1s too soft for use either as coin or jewellery, and for
these purposes it is alloyed with copper or sometimes with
both copper and silver. English gold coin contains 961.67
parts of gold per 1000o. The amount of gold is, however,
usually expressed in carafs, 24 carat gold being the pure
metal. Gold coin, is, therefore, 22 carat gold, z.e. it contains
22 parts of gold in 24 of the coin. The alloy with copper is
much harder and redder than pure gold, whilst that with silver
is of a fainter yellow than gold itself. When more than 36
per cent of silver is present the alloy i1s known as electru,
Gold-leaf is much used for gilding, painting, and lettering in
gold ; gold is usually deposited on metallic objects by the
electrolytic process (p. 306).

Gold does not combine directly with oxygen, whereas it is at
once attacked by chlorine or bromine. It is insoluble in hydro-
chloric, nitric, and sulphuric acids, but dissolves at once in aqua-
regia or in any liquid in which chlorine is being generated.

Most of the compounds and salts are very unstable, and
easily yield metallic gold when they are heated, or treated with
reducing agents. Thus the chloride is at once reduced to
metallic gold by ferrous salts, such as the chloride or sulphate,
or by oxalic acid,—

AuCl, + 3FeCl,=Au + 3FeCl,,

2AuCl, + 3C,H,0, = 2Au + 6HCl + 6CO,,.
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EXPERIMENT 135.—1. Place two small portions of gold-leaf
in two test-tubes, and to one add hydrochloric and to
the other nitric acid—no action occurs in either case.
Mix the contents of the two tubes—the gold is at once
dissolved.
To separate portions of a solution of gold chloride add
(1) dilute sulphuric acid and ferrous sulphate; (2)
oxalic acid—in both cases a dark-coloured precipitate of
finely divided gold is produced. :
The equivalent of gold has been determined by analysing
the bromide and certain of its double salts, and has been
found to be 65.73. The atomic weight is calculated from the

k2

specific heat, which is 0.0316, to be about it O =202, and
0.0316 2

hence the exact atomic weight is 65.73x 3=197.2. One
atom of gold has therefore replaced 3 atoms of hydrogen in
hydrobromic acid, and the formula of the bromide is AubBr,.
Gold, however, forms two series of compounds, the awric
compounds, in which it is tervalent, and the awrous compounds,
in which it i1s univalent. The compounds of this second
series correspond in composition and in many of their pro-
perties with the salts of silver and the cuprous salts; thus
aurous chloride is, like silver chloride and cuprous chloride,
insoluble in water.

Compounds of Gold

The Chlorides of Gold.—Auric Chloride, AuCl, is
formed when gold is gently heated in chlorine, and dissolves
readily in water. When it is heated it first decomposes into
chlorine and awrons chioride, AuCl, which is a yellowish
powder, and is insoluble in water,—

f"akulil'l:j = AuCl 4+ (:]E.

This salt also decomposes when it is more strongly heated,
metallic gold and free chlorine being produced.

When the trichloride is evaporated with hydrochloric acid,
or when gold 1s dissolved in aqua regia and the solution is
evaporated, long yellow needles separate out which have the
composition HAuCl, + 3H,0. This substance is formed by

S maae
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the union of auric chloride with hydrochloric acid, and acts as
an acid which is known as awrichloric acid. Gold chloride
also combines with the chlorides of potassium, and many other
metals forming crystalline salts, "such as pofassium  auri-
chloride,— :

K:ﬂuCh L ZHED.

The chloride is used in photography for toning silver
prints, the metallic silver of the image being replaced by gold
(p. 281). The bromide is prepared in a similar manner to the
chloride and resembles it closely in chemical properties.

Oxides of Gold.—Gold, as has already been mentioned,
does not combine directly with oxygen, and the oxides are
therefore prepared indirectly, usually from the chlorides.

Auric Hydroxide, Au(OH),, is formed as a brown
precipitate when caustic potash is added to a solution of
the trichloride. When gently heated it yields awric oxide
(gold trioxide), Au,0,, as a brown powder which readily
decomposes on further heating into gold and oxygen. The
oxide has slight acid forming properties, and the hydroxide
dissolves in an excess of caustic potash, forming a salt known
as potassium aurale.

Aurous Oxide (Gold Monoxide), Au,0.—Aurous
chloride is converted by caustic potash into a dark brown
powder consisting of awrowus hydrovide, AuOH, which yields
the oxide on heating. The latter readily decomposes on
further heating into gold and oxygen.

Aurous Sulphide, Au,S, is formed as a brown powder,
mixed with sulphur and metallic gold, when sulphuretted hydro-
oen is passed into a solution of the trichloride. It dissolves
in ammonium sulphide and is insoluble in hydrochloric acid.

Aurous Cyanide, AuCN.—When ammonia is added to
a solution of gold in aqua regia, and the precipitate dissolved
in potassium cyanide, pofassium awrocyanide, KAu(CN),, is
produced, which is colourless and readily soluble in water,
forming a solution which is largely used for electro-gilding.

When an acid 1s added to this solution, awrows cyanide,
AuCN, is precipitated as a yellow powder, which is insoluble
in water, but readily soluble in potassium cyanide solution. In
this respect the compound resembles silver cyanide, which is
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insoluble in water and acids, but dissolves readily in potassium
cyanide solution. Potassium aurocyanide is also formed, as
already mentioned, by the action of potassium cyanide on
metallic gold in the presence of air,

Purple of Cassius.—When a mixture of stannic and
stannous chlorides is added to a solution of gold, a purple
coloured precipitate is produced which is known as purple of
Cassius, and is used for the production of ruby glass. It
contains oxide of tin together with very finely divided gold
and appears to be a mixture of these substances.

Assay of Gold.—Gold bullion, such as coin or plate, is
tested, or as it is called assayed, by adding a certain amount of
lead and silver to a weighed quantity of the metal, and ex-
posing at a red-heat on a cu#pe/ made of bone-ash to a current
of air until the whole of the lead has been removed by oxida-
tion, taking with it all the oxidisable impurities. The resulting
bead of gold and silver is.then rolled out and boiled with
nitric acid. This dissolves out the silver but leaves the gold,
which is then dried and weighed.

SUMMARY

Gold is a vellow metal which melts at a high temperature, and does
not unite with oxygen when it is heated in the air. It is not affected by
nitric, hydrochloric, or sulphuric acid, but dissolves in aqua regia.

Gold forms two series of salts : the aurous salts, in which each atom of
the metal replaces one atom of hydrogen; and the auric salts, in which
each atom replaces three of hydrogen.

The aurous salts are very unstable and decompose when heated. The
chloride is a yellowish powder, insoluble in water.

The auric salts are yellow and soluble in water, but are easily decom-
posed by reducing agents and by heat, metallic gold being formed.,

The chloride unites with hydrochloric acid to form a compound, which
acts as an acid and forms salts with bases.

The hydroxide acts as a base towards acids, but also has weak acid
properties.

General Properties of the Metals of the
Copper Group

The elements copper, silver, and gold do not resemble each
other so closely, or show such a definite gradation in pro-
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perties, as the members of many of the other families of
elements, but certain of their properties point to the fact that
they form a true chemical group.

The metals all melt at high temperatures and have high
specific gravities, which increase with the atomic weight. The
oxides of these metals are all very easily decomposed ; those
of silver and gold decompose readily when heated, whilst that
of copper is easily decomposed by reducing agents.

Each of the metals, moreover, forms a series of salts of
the empirical formula MR', where R’ represents a univalent
atom or radical, and these salts resemble each other in
properties. Thus cuprous chloride, silver chloride, and aurous
chloride are all insoluble in water. In addition to these salts
copper forms the cupric salts, CuR’,, and gold forms the auric
salts, AuR’,.

EXERCISES ON LEsson XXVI

1. How is metallic silver extracted from its ores?

2. How does gold occur in nature, and how is it obtained from its
ores ?

3. Compare the physical properties of copper, silver, and gold.

4. How can pure silver and gold be obtained from silver and gold
coins ?

5. What happens when solutions of the following substances are added
to a solution of silver nitrate: (&) caustic soda, (#) potassium iodide, (¢)
potassium cyanide, (4) ammonia, (¢) sodium sulphate, (f} sulphuretted
hydrogen ?

6. Describe the preparation and properties of auric chloride. How
can aurous chloride be prepared from this substance and what are its
properties ?

7. How much of the following metals can be precipitated by 1 gram,.
of copper : (a) silver, (#) gold, (¢) mercury ?

8. How can the amount of gold in an alloy of the metal be ascer-
tained ?

9. Mercury precipitates metallic gold from a solution of auric chloride,
and it is found by experiment that 3 grams. of mercury precipitate 1.972
grams. of gold. Calculate the equivalent of gold.

10. Point out the chief points of resemblance and difference between
the chemical properties of copper, silver, and gold.



LESSON XXVII
THERMOCHEMISTRY

IT has already been remarked that chemical change is often
accompanied by evolution of heat. Now heat is not a material
substance and cannot be weighed, and we must therefore
endeavour to understand whence it springs and how it is that
it 1s produced in a chemical change. It is, in fact, now known
that heat is simply a form of energy, the word energy being
used to mean the power-of doing work. Work is done when-
ever a mass 1s moved in opposition to a force, as, for example,
when a weight is lifted from the ground. In this case the
quantity of work done is measured by the product of the weight
lifted into the height through which it is lifted. The unit of
work usually adopted in England is that done when a weight
of 1 pound is lifted through one foot, and is called the foot-
pound. Inthe metrical system, on the other hand, the kilogram-
metre or the gram-centimetre is taken as the unit.

Any system of bodies which has the power of doing work
is said to possess energy, and the amount of energy is measured
by the amount of work which it is capable of performing.
Thus, an engine which is capable of lifting 33,000 pounds
through one foot, 7z.e. doing 33,000 foot-pounds of work, every
minute, is said to be of one-horse power. ;

A moving body such as a cannon ball or the piston of a
working engine, for example, is said to have energy, because it
is capable of performing work, and the energy of such a moving
body is called #inefic enerey or energy of motion.

A system of bodies may, however, possess energy, although
its parts are not moving towards or away from each other.
Thus, when a stone or other heavy body is held at some height.
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above the ground, the system made up of the earth and the
stone possesses a certain amount of energy, because it is capable
of doing work. Thus, if the stone be connected with a smaller
stone on the surface of the earth by means of a string passing
over a pulley, and then be allowed to fall, it lifts the second
stone and thereby performs work. The energy of such a
system as the earth and a stone held above its surface is called
potential energy (an expression which means possible energy),
because although no work i1s actually being done by the
system, it is possible to get work from it as soon as the proper
means are tried, Z.e, in the above case as soon as the stone is
allowed to drop.

Conservation of Energy.—When work is done by a
body or system of bodies, the energy which is apparently
destroyed is not really lost, but is simply converted into other
forms of energy. Thus, when a stone falls to the ground, the
potential energy which the stone at first possesses is gradually
converted into energy of motion as the velocity of the falling
stone increases. When the stone reaches the surface of the earth
its motion is suddenly stopped, but both the stone itself and
the surrounding parts of the surface become heated, so that the
energy of motion 15 converted into heat energy. The amount
of heat which is produced when a heavy body is stopped after
falling through a given height has been very carefully deter-
mined by experiment, and it has thus been found that when a
weight of 1 gram. falls from rest through 42, 500 centimetres, the
energy it possesses is just sufficient when converted into heat
to warm I gram. of water 1° C., in other words, 42,500 gram.-
centimetres of work are exactly equivalent to 1 calorie.l

It is found to be universally true that energy is never
destroyed but only changed in form, so that the total amount of
energy in the universe remains a constant quantity, and this
principle is known as the Law of the conservation of
energy.

Energy of Chemical Systems. — The energy of a
chemical system is a form of potential energy, and usually

! Tn the units now in use in England the mechanical equivalent of heat
is the energy developed by the fall of 77z Ibs. avoirdupois through the
space of 1 foot ; and this is equivalent to the heat capable of raising 1 lb.
of water from 32° to 33° Fahr.
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appears in the form of heat when a chemical change occurs.
Thus in a mixture of 2 grams. of hydrogen with 16 grams,
of oxygen at the normal temperature and pressure no
work is actually being done, but as soon as a spark is passed
through the mixture combination ensues, and a very large
amount of energy appears in the form of heat, the total
quantity evolved being 68,000 calories. Hence 18 grams. of
water at o contain less energy than a mixture of 16 grams. of
oxygen with 2 grams. of hydrogen by the amount equal to
68,000 units of heat. Since each calorie corresponds, as we
have seen, with 42,500 gram.-centimetres of work, this amount
of heat corresponds with 42,500 x 68,000 gram.-centimetres —
2,890,000,000 gram.-centimetres, or would be produced by a
weight of 18 grams. falling through 1605 kilometres.

When two elements unite to form a compound with
evolution of heat, as is the case with hydrogen and oxygen, it
1s found that exactly the same amount of energy as has been
lost during combination must be restored to the compound in
order to decompose it.

Thus when metallic mercury is gently heated in oxygen a
portion of it combines to form mercuric oxide, HgO, and it is
found that for every 16 grams. of oxygen which unite with
mercury 20,700 units of heat are evolved. When the oxide is
more strongly heated, however, it decomposes again into
mercury and oxygen, and it is then found that for every 16
grams. of oxygen which are liberated exactly the same amount
of heat is absorbed as was set free by its combination. The
mercury and oxygen are then in the same state as before, and
are capable of recombining with evolution of heat when brought
together under the proper conditions.

This case is exactly analogous to that of the stone and
the earth, which has already been discussed. When the stone
is dropped from a height, it loses the potential energy due to
its elevated position, this being finally converted into the energy
of heat. In order to restore this lost potential energy to the
stone an exactly equal amount of work must be spent upon it.
It must be lifted to the height at which it was formerly
supported, and it then of course possesses exactly the same
amount of potential energy as before. :

The energy possessed by substances which are capable
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of combining chemically plays a very important part in the
ordinary course of life. Thus the heat energy of a furnace
or flame, which can so readily be converted by suitable means
into the energy of motion of an engine, is derived from the
potential energy existing in the system made up of the fuel
and the oxygen of the air, which is converted into heat in the
process of combustion, and can then be partially converted
into other forms of energy.

In a similar manner the power of doing work which we
ourselves possess 1s to be ascribed to the potential energy
existing in the system made up of the food we take and the
oxygen of the air. In the body this food is gradually oxidised
in such a way that some of the energy thus given out can be
converted into work at our will, whilst a portion of it is utilised
in maintaining the high temperature of the body, etc. The
energy necessary for the work which we perform is therefore
provided by the oxidation of the food we consume.

We may now say that chemical changes are accompanied
by changes of energy, sometimes by gains, sometimes by losses.
Many substances are formed with loss of energy, such as water,
carbonic acid gas, etc., and these then require the addition of
energy for their decomposition. Other substances, again, such
as ozone, carbon disulphide, acetylene, etc., are formed with
gain of energy, their formation being accompanied by absorption
of heat. Such substances lose energy when they decompose,
and this usually appears in the form of heat. In this way, if
the decomposition be once started, the temperature rises as it
proceeds, and the whole mass of the substance decomposes,
often so rapidly that what is called an explosion occurs. This
is the case, for example, with liquid ozone, which gives out
heat on decomposition and explodes violently when it is slightly
heated. Acetylene and carbon disulphide, moreover, can readily
be made to explode by subjecting them to a violent shock.

The explosion produced by the combination of hydrogen with
oxygen or hydrogen with chlorine, on the other hand, is due to
the fact that the gases contained in these mixtures only begin
to combine rapidly at a certain temperature, but when this is
once reached the combination of a part of the mixture causes
an evolution of heat which quickly raises the temperature of
the surrounding parts and causes them to unite, so that the
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whole mass combines very rapidly and expands suddenly, owing
to the high temperature produced, thus causing an explosion.
In the case of gunpowder, dynamite, etc., a similar process
goes on, and in addition the small amount of solid explosive
used is converted into gaseous products which occupy a vastly
greater volume, and thus when the reaction takes place in a
confined space produce an enormous pressure.

In some cases the energy evolved in a chemical change
makes its appearance to some extent in the form of light or of
electrical energy, so that chemical energy may be used as a
source of light or electricity. This latter case is specially
treated in the following lesson.

Thermochemistry—Calorimetry.—The heat produced
in a chemical change can readily be determined by carrying
out the change in a calorimeter (p. 120), measuring the rise
of temperature produced, and from this calculating the amount
of heat evolved. These determinations are of great importance,
since they give us the means of expressing numerically the
amount of energy which is required to produce a given
chemical change, or, conversely, the amount which will be
developed by a given chemical change.

The amount of heat evolved by the combination or reaction
of two substances can be readily expressed by writing after the
equation, which represents the change, the number of calories
evolved when the number of grams. represented by the formula
employed react with one another. In such cases it is usual to
employ the simplest possible formul®, and not in every case
the correct molecular formulz of the substances. Thus the
fact that when 2 grams. of hydrogen unite with 16 grams. of
oxygen to form water 68,000 units of heat are evolved, may be
expressed in the equatton— |

HH + O=H,0 + 68,000 cal.

This quantity of heat is, moreover, termed the /Aeat of
Jormation of water from its elements.

Again, the fact that when a solution of hydriodic acid is
decomposed by chlorine 26,000 calories are evolved is expressed
in the equation—

Hlaq+ Cl=HClaq + I + 26,000 cal.
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The symbol ag signifies that the substance in question is
present in dilute solution.

This information cannot always be obtained by a direct
experiment owing to experimental difficulties. In such a case
it is necessary to determine the change of energy indirectly, It
has been found that the amount of heat evolved in any one
definite chemical change 1s always the same, and depends only
on the state of the system at the beginning and at the close
of the change, but is independent of the intermediate steps
and of the rate at which the change occurs. Thus, if we
wish to find the amount of heat evolved in the production of a
dilute solution of ammonium chloride from the two gases
ammonia and hydrochloric acid, we may either (1) allow these
two gases to combine directly, and then dissolve the product
in water, or (2) dissolve the two gases separately in water and
mix the solutions. In both cases we start with the same
substances, gaseous ammonia and hydrochloric acid, and liquid
water, and in both cases we end with the same substance, a
dilute solution of ammonium chloride; the amount of heat
evolved in both cases is accordingly found to be the same,
although the intermediate steps are different.

This law, which is known as the Jaw of Hess, from the name
of its discoverer, can readily be applied to obtain information
as to the heat evolved in a change which cannot be carried out
directly in a calorimeter. Thus, if it be required to ascertain
the amount of heat evolved when carbon unites with oxygen to
carbon monoxide, this can be done by ascertaining ex-
perimentally (1) the heat evolved when carbon burns to form
carbon dioxide ; (2) the heat evolved when carbon monoxide
burns to form carbon dioxide. Expressing these two changes
by equations we have—

(1) C+0,=C0,+ 97,000,
(2) CO+0=CO,+ 68,000.

Now, since we may imagine that carbon dioxide is formed
in two stages by first of all producing carbon monoxide from
carbon and oxygen, and then burning the carbon monoxide to
carbon dioxide, it is obvious that the amount of heat evolved
in the first of these processes is to be found by subtracting the
heat of combustion of carbon monoxide (68,000) from the
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heat of formation of carbon dioxide (g97,000), the result being
the heat of formation of carbon monoxide,—

97,000 — 68,000 = 29,000 cal.

The following list gives the heats of formation from their
elements of a number of substances, the quantities of heat being
in every case those evolved in the formation of the number of
grams. of each substance represented by the formula ‘given :—

Calories.
Hydrochloric acid . ; : HCI 22,000
Hydrobromic acid . ; : HEr 8,400
Hydriodic acid . . : HI — 6,200
Ozone . : : : : O, — 36,000
Ammonia : . : : NH, 12,000
Nitriec Oxide . 3 : : NO — 22,000
Water . ; : " : H,0O 68,000
Sulphur dioxide . : : S0, 71,000
Phosphorus pentoxide . : POy 370,000
Carbon dioxide 5 : : CO, 07,000
Sodium oxide . . ¥ : Na,O 100,000
Calclum oxide. - - : CaO 145,000
Magnesia - . : : MgO 143,000
Zinc oxide : ] : : Zn0O : 85,000
Copper oxide ., . ‘ . CuQ 37,000
Silver oxide . : : d Ag,0O 6,000
Boron trioxide : y . B0y 273,000
Sodium chloride i . ) NaCl 97,700
Calcium chloride . ‘ : CaCl, 169,800

Compounds which are formed from their elements with
great evolution of heat are as a rule stable and difficult to
decompose, since an equal expenditure of energy is required.
On the other hand, when combination is accompanied by only
a small evolution of heat the compound is less stable, whilst
if heat be absorbed in the act of combination the compound is
still less stable.

Thus magnesia, which is formed from its elements with an
evolution of 143,000 units of heat, i1s a very stable substance,
and cannot be decomposed by heat. Silver oxide, on the other
hand, which is formed with an evolution of only 6000 units,
readily decomposes when it 1s heated. Finally ozone, which
is formed with an aésorption of about 36,000 units, is readily
decomposed by heat, and in the compressed or liquid state is
liable to explode with great violence.

. .
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SUMMARY

Energy is the power of doing work and exists in many forms, such as
the energy of a moving body, potential energy due to position, the energy
of a chemical system, the energy of an electric current, ete, Energy is
never destroyed but is simply changed from one form to another. The work
done in lifting a weight of 1 gram. through 42, 500 centimetres is equivalent
to 1 unit of heat, and the number 42, 500 is called the mechanical equivalent
of heat. The energy of a chemical system is usually converted into heat
when a chemical change occurs, and this heat can be measured by means
of a calorimeter.

The amount of energy required to cause the decomposition of a sub-
stance is exactly equal to the amount of heat evolved in the formation
of the compound.

Compounds formed with great evolution of heat are, as a rule, more
stable than those formed with a small evolution of heat.

The quantity of heat evolved in a chemical change depends only on the
initial and final states of the substances concerned, and is the same what-
ever the intermediate stages may be.

ExXERCISES oN LEsson XXVII

1. What is meant by the terms work, energy, unit of heat, mechanical
equivalent of heat, heat of formation ?

2, State the law of the conservation of energy ?

3. What transformations of energy occur when a weight is raised by a
steam engine ?

4. How can the change of energy which accompanies a chemical
change be measured ?

5. What is the law of Hess?

6. The heat of formation of carbon dioxide is 97,000 cal. When 24.3
grams. of magnesium are burnt in the gas, carbon and magnesia are
formed, and 46,000 cal. are evolved. Calculate the heat of formation of
magnesia.

7. The heat of formation of sodium chloride is g7,700 cal., and that
of magnesium chloride is 151,000 cal. Calculate the amount of heat
evolved when magnesium chloride is decomposed by metallic sodium.

8. The heat of formation of cupric oxide is 37,000, and that of water

| i5 68,000 cal. Calculate the heat evolved when 2 grams. of hydrogen are
converted into water by being passed over heated copper oxide.




LESSON XXVIII

ELECTRO-CHEMISTRY

WHEN a current of electricity is passed through a metallic
wire the wire becomes hot, the energy of the electric current
being converted into heat. No chemical change occurs in the
wire, and after it has been allowed to cool it is in all respects
the same as it was before the current was passed through it.
If an attempt be made to pass a current through water, it is
found that pure water is practically a non-conductor of electricity,
and will not allow the current to pass. When, however, a
metallic salt, such as copper sulphate, or an acid or a base, is
dissolved in the water, it is found that the solution now con-
ducts electricity well, but behaves in a very different manner
from the metallic wire. The passage of the current is invariably
accompanied by a chemical decomposition of the dissolved
substance. In such a case the current is passed by means of
two plates of metal or carbon, known as the poles or electrodes,
whilst the dissolved substance is termed the electrolyte,; the
simpler substances carrying electric charges into which it breaks
up are called the 7oms, and the whole process i1s known as
electrolysis,

Thus, for example, when an electric current is passed through
concentrated hydrochloric acid by means of carbon poles,
hydrogen is given off at the negative pole and an equal volume
of chlorine at the positive pole. Each molecule of hydro-
chloric acid, HCIl, is broken up into its constituent atoms,
H and Cl. The hydrogen atom receives a charge of positive
electricity and becomes a hydrogen ion which passes to the
negative pole conveying with it this charge, which is given
up to the negative electrode, where the hydrogen atom, having

.
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lost its charge, 1s liberated, and at once combines with another
atom forming a molecule of gaseous hydrogen of the formula
H,  Similarly chlorine is evolved at the positive pole.

It often happens that when the charged ion loses its charge at
the electrode, the resulting uncharged atom or group enters into
reaction with the water of the solution or with the material of
which the pole is made, or simply decomposes, so that secondary
products appear. Thus, when cupric chloride is electrolysed
the two 1ons are Cu( + ) and CI( — ), the copper being deposited
on the negative pole, and the chlorine liberated at the positive.
When, however, sodium chloride is employed, hydrogen is
liberated at the negative pole just as when hydrochloric acid
is used. This 1s due to the fact that the sodium atoms, as
soon as the ions lose their charge of electricity, decompose
the water, forming caustic soda and liberating hydrogen,—

2Na + HEO —2NaHO + HE.

Again, when dilute sulphuric acid 1s electrolysed, hydrogen
is liberated at the negative pole and oxygen at the positive
pole. In this case the actual ions are H( 4 ) and the compound
group SO,(— —). The latter, however, when it has lost its
charge immediately reacts with the water of the solution, form-
ing sulphuric acid, and setting free an atom of oxygen which
unites with a second to form a molecule of gaseous oxygen,—

50,+ H,0=H,S50, + O.

When sodium sulphate is electrolysed the products are
exactly the same as in the case of sulphuric acid, namely, free
hydrogen and oxygen. The original ions are Na(+) and
SO,(— —), but the sodium reacts with the water to form caustic
soda which remains in solution, and hydrogen which is
liberated, whilst the group SO, is decomposed as just described,
forming sulphuric acid and oxygen. The production of alkali
at one pole and acid at the other can be shown by filling a
voltameter or a simple U-tube with sodium sulphate solution
tinged with neutral litmus, and then passing a current between
platinum electrodes from three or four small bichromate cells.

Hydrogen is evolved at the negative pole and the litmus
near it becomes blue, whilst oxygen is evolved at the positive
pole and the litmus in its neighbourhood becomes red.

In many cases the electrodes themselves are attacked by
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the products of electrolysis. Thus when a solution of copper
sulphate 1s electrolysed by means of electrodes of metallic
copper, copper 1s deposited on the negative electrode, whilst
the SO, ions attack the copper of the positive pole, forming
" copper su]plnte which dissolves, thus keeping the amount of
copper in the solution constant, one electrode bemg gradually
dissolved and the other gradudlIy increased. _

Laws of Electrolysis.—The quantitative laws of electro-
lysis were first discovered by Faraday in 1833, and are of
great importance.

1. The amount of substance decomposed is directly pro-
portional to the quantity of electricity which passes through
the solution.

2. When equal quantities of electricity are passed through
solutions of different substances, the amounts of the elements
which separate out are proportional to their chemical
equivalents.

Thus, if the same quantity of electricity be passed through
solutions of sulphuric acid, silver sulphate, and copper sulphate,
it 1s found that for every gram. of hydrogen liberated, 107.88
grams. of silver and 31.785 grams. of copper are deposited,
and these numbers, it will be remembered, represent the
chemical equivalents of these elements : the amount of oxygen
liberated 1s the same in all three cases.

This result is of great importance, because it shows that
one alom of a bivalent element such as copper conveys twice
as much electricity as an atom of the univalent silver or
hydrogen. In the same way a tervalent atom, such as
aluminium, would convey three times as much electricity as an
atom of hydrogen, and in general the amount of electricity
carried by the ion of an electrolyte depends on its valency.

It is obvious that if the same current of electricity be passed
through solutions of two salts, and the weights of the metals
which are deposited are carefully determined, the ratio of
these numbers represents the chemical equivalent of the two
metals. Thus, for example, it has been found that 3.3 grams.
of silver are electrolytically equivalent to 1 gram. of znc,
from which it follows that the equivalent of zinc to hydrogen is

L 32.68, when that of silver is 107.88.
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Electrolysis is often employed in quantitative analysis for
the estimation of metals. The substance to be analysed i1s
dissolved in water and the solution electrolysed in a platinum
vessel. The metal is thus deposited on the platinum, and is
then carefully dried and weighed.

The atoms of hydrogen and the metals, which convey positive
electricity, are termed eleciropositive ; whilst the atoms of
chlorine and the acid radicals, which convey negative electricity,
are-termed electronegative.

Theory of Constitution of Electrolytes in
Dilute Solutions

In the opinion of many chemists dilute solutions of electro-
lytes, such as salts, acids, and bases, do not contain the greater
part of the molecules of these substances in their ordinary
condition, but broken up into their electrically charged ions.
Thus, a dilute solution of sodium chloride contains only a few
unaltered molecules of sodium chloride, but a large number
of positive (+) itons of sodium and negative (—) ions of
chlorine. As long as these are charged with electricity they
do not appear as free sodium or chlorine, or react with the
water, but as soon as they give up their charges at the
oppositely charged electrodes, free sodium and chlorine are
produced, the former of which decomposes the water, liberating
hydrogen and producing caustic soda, whilst the chlorine is
evolved as gas or attacks the electrode. It is on account of
this that the ions only appear at the poles and not throughout

the whole mass of the liquid. In the same way solutions of
_|.
hydrochloric acid and caustic soda contain the ions H and

o _|'_ e—
Cl, and Na and OH respectively.

The Galvanic Cell

We are now prepared to follow to some extent what goes
on in an ordinary galvanic cell. We have already seen that
chemical action 1s always accompanied by a change in the
energy of the reacting substances, and that when these lose
energy it usually appears in the form of heat. Under certain
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circumstances, however, a portion of this energy makes its
appearance in the form of electrical energy. When zinc is
dissolved in sulphuric acid in the ordinary way, hydrogen is
evolved, zinc sulphate is formed in solution, and heat is pro-
duced, according to the equation,—

Zn + H,50, =ZnSO + H, + 37,600 cal.

If, however, a piece of copper or platinum be djpped into

the liquid, and that part of it which projects be connected to-

the projecting part of the zinc by a piece of copper wire, a
very remarkable change occurs. The zinc is still dissolved,
but the amount of heat produced in the liquid is much less
than before, and it is now found that an electric current is
passing along the wire, which can easily be used in various
ways for performing work. The amount of electrical energy
thus produced is of course exactly equivalent to the difference
between the heat which i1s usually evolved when zinc is dis-
solved in sulphuric acid, and that which is evolved under the
circumstances of the experiment. In other words, the total
change of energy which occurs when a given weight of zinc is
dissolved in sulphuric acid 1s invariably the same, but under
ordinary circumstances it «// appears in the form of heat,
whereas in the cell described above only gart of it appears as
heat, whilst the »emainder appears as the energy of the electric
current which passes along the wire,

The experiment is made clearer by using either a stick of
pure zinc or a plate of zinc amalgamated with mercury, which
is scarcely acted on by dilute sulphuric acid at the ordinary
temperature, but dissolves when the zinc is connected with the
copper dipping into the same acid. When the two metals are
placed in the liquid, but not connected by a wire, it is found
that the zinc becomes negatively electrified, whilst the copper
becomes positively electrified. As soon as the connecting
wire 1s placed between them, a current of positive electricity
passes along the wire from the copper to the zinc, and through
the liquid from the zinc to the copper. We have already seen
that electricity i1s conveyed through solutions by the ions of
the dissolved substance, and therefore we should expect to
find that the current passing from the zinc to the copper
through the liquid would be conveyed by the hydrogen ions

Bt o il 2
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of the acid, which would then, after giving up their charges,
appear as free hydrogen at the surface of the copper plate.
This is exactly what happens ; as long as the zinc and copper
are not connected by a wire no change is apparent; directly
the connection is made hydrogen appears, not at the surface
of the zinc, but at that of the copper.

EXPERIMENT 136.—Attach a piece of copper wire to a
stick of zinc, and another to a piece of sheet-copper or of
platinum foil. Dip the zinc and the copper into dilute
sulphuric acid in a beaker—no action takes place;
connect the two copper wires—bubbles of hydrogen are
at once formed at the surface of the copper.

Let us now employ this current to bring about the electro-
lysis of dilute sulphuric acid, and for this purpose cut the wire ;
fasten each end to a small piece of platinum-foil, and place
these in a dilute solution of sulphuric acid. The current of
positive electricity passes along the wire from the copper to
the platinum electrode, dipping into the sulphuric acid. It is
thence conveyed through the liquid by the + 1ons of hydrogen,
which give up their charges at the other electrode, and appear
as free hydrogen. The current is then conveyed by the wire
to the zinc plate of the galvanic cell, and thence again through
the liquid of the cell by hydrogen ions, free hydrogen being
liberated at the surface of the copper. This is shown in the
following diagram (Fig. 46, p. 304), in which the arrows show
the course of the positive current of electricity.

In every current of electricity we may imagine that there
are two currents going in opposite directions, one of positive
and the other of negative electricity. In the above arrange-
ment the negative electricity passes from the zinc through the
wire to the electrode of the electrolytic cell, is conveyed through
the liquid by the SO, ions, and then passes through the wire
to the copper, whence it is conveyed through the liquid of the
cell, again by the SO, ions. These are discharged at the
surface of the zinc and at once combine with the metal, forming
zinc sulphate, and it is the energy thus developed which
supplies the energy of the electric current. In the electrolytic
cell, on the other hand, the SO, ions are discharged at the
positive electrode and at once react with the water, forming
sulphuric acid and free oxygen, as already described.
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EXPERIMENT 137.—The small cell described in the fore-
going experiment only produces a very slow decomposi-
tion of water, but if the copper wires be bent over and
dipped in dilute sulphuric acid in a beaker, bubbles of
hydrogen slowly gather on the wire connected with the
zinc. A more vigorous action may be obtained by
connecting the terminals from a battery of three small
bichromate cells with the electrodes of a voltameter.
Hydrogen is evolved at the electrode connected with the
zinc plate.

Galvanic Cells.—The above is not at all a convenient
form of cell, because the copper
or platinum plate becomes
covered with a non-conducting
film of hydrogen, and the current
very soon diminishes consider-
ably, this phenomenon being
termed polarisation. In order
to prevent this, many devices
are used, .a few of the most
important of which are here
described,

1. The Bichromate Cell.—
The copper plate is replaced by
Electrolytic Cell one of gas carbon, and the liquid
used is a solution of potassium
bichromate in dilute sulphuric
acid. The hydrogen is oxidised by the potassium bichromate
and the polarisation is thus avoided. The other plate of
the cell is made of amalgamated zinc.

2. Bunsen's cell contains a plate of amalgamated zinc
dipping into dilute sulphuric acid, whilst the positive pole con-
sists of a piece of gas carbon dipping in strong nitric acid, the
latter being contained in a vessel of porous earthenware
standing in the dilute sulphuric acid of the cell, so that the
liquids are prevented from mixing rapidly, whilst the current
can readily pass. The nitric acid oxidises the hydrogen as it
is liberated, and is itself reduced with formation of nitrous
acid. A cell in which a platinum plate is used instead of the
carbon 1s known as Grove's cell.

Fig._46.
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3. The Leclanché cell consists of a negative pole of
amalgamated zinc placed in a saturated solution of ammonium
chloride, whilst the positive pole consists of gas carbon and
manganese dioxide, the latter being reduced by the hydrogen,
and thus preventing polarisation.

In all these cases the source of the energy of the current is
the change of energy which is occasioned by the solution of
the zinc in the liquid contained in the cell,

Such cells are only used for the production of currents on
the small scale. On the large scale the current i1s produced
by an electromagnetic machine known as a dynamo, by means
of which the energy of motion of a rotating mass of metal is
converted into the energy of an electric current,

Technical Applications of Electrolysis

As has been mentioned under sodium, this metal is now
made on the large scale by the electrolysis of fused caustic
soda. The caustic soda is contained in a large iron pot, and
a current of electricity passed through it from a dynamo
machine. Oxygen. i1s evolved at the positive pole and
hydrogen and metallic sodium at the negative pole,—

2NaHO = (2Na + H,) + O,

The metal is removed in the molten state, and after cooling
1s remelted and cast into sticks.

The heat of formation of caustic soda from its elements is
101,900 cal, and this amount of energy is therefore required
to liberate from it 23 grams. of sodium, according to the
above equation, and must be supplied by the current. In
practice more energy is needed owing to loss by conversion
into. heat and other causes. The value of the process as an
economical one depends on the degree to which the theoretical
numbers can be approached.

Another instance of the successful application of electrolysis
to chemical industry-is the simultaneous production of caustic
soda and chlorine by the electrolysis of a solution of common
salt. This is best done by liberating the sodium at a negative
pole consisting of metallic mercury, with which it at once
forms an amalgam. This amalgam is allowed to flow into a

X
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separate compartment of the electrolytic cell, where it is
decomposed by water, a solution of practically pure caustic
~soda being thus produced, which is then evaporated down in
the ordinary way for the production of solid caustic.

The chlorine is evolved at the positive pole, which is made
of carbon, and is then led off into bleaching powder chambers.
The advantage of this process over the purely chemical
methods consists in the simplicity of the reaction, and in the
comparatively small waste of energy involved.

Electrolysis 1s also largely employed for electroplating,
especially with copper, silver, gold, and nickel. Thus, in
order to plate articles made of Britannia metal with silver, the
article is made the — pole in a solution of silver cyanide in
potassium cyanide (p. 282), this salt being used because it
yields a firm and adherent film of silver. The + pole is made
of metallic silver, which is attacked by the CN ion, so that
the solution is maintained of a constant strength. Other
metals are deposited in a similar manner.

Electrolysis is also used for the refining of copper on the
large scale. Slabs of crude copper form the + pole and a
thin sheet of pure copper the — pole, whilst the bath contains
an acid solution of copper sulphate. Copper is dissolved from
the + pole and deposited on the — pole, whilst the impurities
either dissolve in the bath or are precipitated as a slime,

Electrical Production of Nitric Acid from Atmo-
spheric Nitrogen.—As already pointed out (p. 225), one of
the great needs of agriculture is a cheap supply of nitrogen
in a form assimilable by plants. The production of calcium
cyanamide (p. 224) affords one solution of this problem,
another is supplied by the direct conversion of atmospheric
nitrogen into nitric acid. Nitrogen combines directly with
oxygen in the electric arc to form nitric oxide, which then
combines with free oxygen to form nitrogen dioxide. The
combination only occurs at a very high temperature and the
gases must be quickly cooled or decomposition occurs. This
is accomplished in practice by making an electric arc in a
current of air passing at a considerable speed. A volume of
air of about 75,000 litres is treated in this way every hour and
leaves the apparatus at a temperature of about 1000° con-
taining only 1 to 2 per cent of nitric oxide. As the gases cool,

Fr—
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nitrogen dioxide is formed and the mixture is then absorbed
by water in a series of towers. The main reaction is,—

3NO, + H,0 = 2HNO, + NO.

and the nitric oxide thus regenerated combines with more
oxygen and is thus almost completely converted into nitric
acid, a little nitrous acid being also produced, which is finally
absorbed by milk of lime or caustic soda.

The nitric acid is then neutralised with calcium carbonate
and the solution evaporated by the waste heat of the gases
from the arc. Calcium nitrate is thus produced which is sold
as Norwegian saltpetre or air saltpetre, and this forms an
extremely valuable and efficient fertiliser.

The Electrical Furnace.—Currents of electricity are
also employed to produce higher temperatures than can be
obtained in furnaces heated by the combustion of coal or coke.
This is done by passing a very powerful current through the
mass of materials to be heated, the resistance of which is so
great that the material is raised to a very high temperature.
Thus in the manufacture of calcium carbide (p. 224) a mixture
of lime and coke 1s placed between carbon poles, and this
reacts at the high temperature of the furnace, forming calcium
carbide and carbon monoxide,—

Ca0 4 3C =CaC, + CO.

Other examples of the use of electrical methods on the
large scale will be found under aluminium (p. 313) and carbo-
rundum (p. 350).

SUMMARY

When a current of electricity is passed through a solution of an
electrolyte, such as hydrochloric acid or copper sulphate, the dissolved
substance is decomposed into two electrically charged parts or ions, one
of which appears at the positive electrode and the other at the negative
electrode.

The ions on reaching the electrodes lose their charges and the un-
charged atoms or groups which result are either liberated in the free state,
combine to form molecules, react with the water of the solution, decom pose
or combine with the material of which the electrode is made.

The weight of an element liberated by a given quantity of electricity
is proportional to its chemical equivalent (Faraday's law). The source
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of the energy of an electric current produced by a galvanic cell is to be
found in the chemical action which goes on in the cell,

EXERcCISES ON LEssoN XXVIII

1. Describe what occurs when a current of electricity is passed through
a solution of copper sulphate, (@) by means of platinum electrodes, (&) b}r
means of copper electrodes.

2. What are Faraday's laws of electrolysis ?

A current is passed through solutions of sulphuric acid, copper
5u]phate, and zinc sulphate until exactly 1 gram. of copper has been
deposited. What volume of hydrogen and what weight of zinc would be
liberated in the same time?

4. In an experiment it was found that a certain current liberated go
ce, of hydrogen (N.T.P.) from dilute sulphuric acid. How much silver
would it deposit from a solution of silver cyanide in potassium cyanide in
the same time ?

5. Describe some form of galvanic cell, pointing out, (a) the chemical
changes which occur in the cell, (#) the source of the energy of the electric
current.,

6. Describe the manufacture of sodium by the electrolysis of caustic
soda.

=. How much ecaustic soda and bleaching powder could be obtained
from 1oo kilos. of sodium chloride, if no loss occurred during the process
of manufacture ?
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THE ELEMENTS OF THE ALUMINIUM GROUP
BoronN. ALUMINIUM

THE members of the aluminium group form oxides of the
general formula R,0,, and halogen compounds RX,, but do
not form higher oxides or halogen derivatives than these.
Only the first two members of the group, boron and aluminium,
are described in this work, but the remaining members, gallium,
indium, and thallium closely resemble aluminium, except that
the last of these forms two series of salts, in one of which, like
aluminium, it replaces three atoms of hydrogen, whilst in the
other it only replaces one.

Boron, B, 11

The most commonly occurring compounds of boron are
boric or boracic acid, H,BO,, and borax, Na,B,O., which are
therefore first described. :

Boric Acid, H,BO,, sometimes known as boracic acid,
is found in certain lagoons in the volcanic districts of Tuscany,
into which steam passes from jets, termed suffionz, which issue
from volcanic vents. The steam contains traces of boric acid,
and this material accumulates in the water of the lagoons,
which is afterwards evaporated, and then yields crystals of the
acid. The heat of the jets of steam themselves is utilised for
the evaporation, and in this way the acid is obtained at an
extremely low cost. A large amount of boric acid is now made
by the decomposition of borax by means of dilute sulphuric
acid (p. 311).
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Boric acid crystallises in shining plates, which have a
peculiar soft and smooth feeling to the touch ; on this account
the powdered acid is often used for producing a smooth
surface on wood. It is also largely used as a preservative
for articles of food, since it greatly hinders putrefaction.
The crystallised acid dissolves in 25.7 parts of water at 19°,
and in 3 parts at 100°, and can readily be recrystallised from
hot water. When its solution i1s boiled it slowly volatilises
along with the steam, whilst it volatilises rapidly when it is
. boiled with methylic alcohol. When brought into or even
close to a Bunsen flame, it produces a green coloration, and
the same coloration is produced when an alcoholic solution
of the acid is allowed to burn,

EXPERIMENT 138.—To a concentrated solution of borax
add half its volume of concentrated sulphuric acid and
an equal volume of methylated spirit and apply a light—
the flame of the alcohol is tinged green by the boric
acid, which volatilises.

Boron Trioxide, B,0,.—When the acid is heated to
redness it loses water and forms boron trioxide, which is the
only known oxide of boron, and is also formed when free
boron burns in the air. It is a white powder which only
volatilises at a white heat. It unites with water to formh boric
acid.

The Salts of Boric Acid.—Boric acid, like phosphoric
acid, is only a very weak acid, and colours litmus in the same
way as carbonic acid, whilst it has no action on methyl orange.
Like phosphoric acid it forms several series of salts, derived
from the following—

Orthoboric Acid. Metaboric Acid. Biboric Acid.
H,BO,. HBO,  H,B,0.(=2HBO,+ B,0,).

The best known of these salts are the biborates, of which
the sodium salt, borax, is by far the most important. Only
the salts of sodium,. potassium, and ammonium are readily
soluble in water.

Borax, Na,B,0., occurs in Thibet as the crystalllsed
mineral tincal, Na B 4O. + 10H,0, and is also found in the
water and dried up basins of the borax lakes in North
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America ; it can also be obtained by fusing boric acid with the
requisite amount of sodium carbonate, and recrystallising the
mass from water,—

4H,BO, + Na,CO, = Na,B,0, + CO, + 6H,0.

The solution in water has a strong alkaline reaction, like
that of sodium carbonate, and may be used in alkalimetry
like the latter salt, since boric acid does not affect methyl
orange.

EXPERIMENT 139.—Make a solution of borax in water,
and to separate portions add litmus and methyl
orange. These indicators give an alkaline reaction.
To each now add dilute hydrochloric acid, drop by
drop,—the indicators remain alkaline until sufficient
acid has been added to decompose the whole of the
borax.

When the crystallised salt is heated it swells up and loses
its water of crystallisation, and then melts to an anhydrous
borax glass. Many metallic oxides dissolve in this and
impart to it characteristic colours, so that it is much used in
blowpipe analysis in the form of the borax bead.

When dilute sulphuric acid is added to a hot concentrated
solution of borax, boric acid is pmduced and separates out in
white crystals on cooling,—

Na,B,0, + H,50, + sH,0 =4H,BO, + Na,SO,.

EXPERIMENT 140.—Dissolve 20 grams. of crystallised
borax in 25 cc, of boiling water, add 20 cc. of dilute
sulphuric acid (1 of strong acid to 3 of water), and
allow to cool. Filter off the boric acid, which separates
out, wash with a small amount of cold water, and allow
to dry in the air.

When borax is fused with one molecular proportion of

sodium carbonate, sodium metaborate is produced,—

Na,B,0. + Na,CO, = 4NaBO, + CO,,

Borax is used for producing glazes on earthenware, and is
also employed for metallurgical purposes and in the laundry
for producing a gloss.

Free Boron is prepared by heating the anhydrous oxide
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with sodium, potassium, or magnesium. The mass is then
carefully treated with dilute acid, which leaves the boron un-
dissolved as an amorphous brown powder, containing a certain
amount of impurity. This can, however, be removed by fusing
the boron with borax and again treating with hydrochloric
acid.

Boron has the specific gravity 2.45, and does not melt even
at a white heat. It burns when heated in the air; forming the
oxide, and also combines directly with chlorine, bromine, and
fluorine, with nitrogen, and with many metals to form metallic
borides.

When amorphous boron is heated with metallic aluminium,
it dissolves in the molten metal, from which it separates on
cooling in large transparent crystals, which are left behind
when the mass is treated with acids. These crystals belong
to the monosymmetric system and are extremely hard, but
always contain small amounts of carbon and aluminium,

Boron, like carbon and silicon, has a much lower atomic
heat than the metals, but, as already explained (p. 130), the
specific heat increases very rapidly with the temperature at
which 1t 1s determined.

Boron Fluoride, BF,, is a colourless gas, whilst the
chioride, BCl,, and dromide, BBr,, are colourless liquids which
fume 1n the air and are decomposed by water,—

BCl, + 3H,0 = H,BO, + 3HCL

Boron Hydride, BH,—Boron forms several gaseous
compounds with hydrogen, one of which corresponds in com-
position with the hydrides of the elements of the nitrogen
group. The crude gas is formed, mixed with a very large
proportion of hydrogen, when magnesium boride is treated
with hydrochloric acid, and burns with a bright green flame.

Atomic Weight and Equivalent of Boron.—The
equivalent of boron has been determined by the analysis of
the bromide and of borax, and has been found to be 3.67.
Its atomic weight is shown by a study of the molecular weights
and composition of its numerous volatile compounds to be
about 11. :

Hence 3.67 x 3=11.0 is taken as the correct atomic

weight.

il
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Detection of Boric Acid.—Boric acid is usually detected
by the green flame coloration which it produces or by its
action on turmeric paper. When this paper is dipped into
a solution of boric acid or a borate acidified with hydrochloric
acid, and then dried, it becomes red. Dilute caustic soda,
which turns ordinary turmeric paper brown, turns this reddened
paper blue.

SUMMARY

Boron forms a very stable oxide, B,O,, and this unites with water to
form boric acid, HyBO,, which is a very weak acid.

The most important salt of the acid is borax, Na,B,0. 4 10H,0, the
solution of which has a strong alkaline reaction.

Free boron is a brown non-metallic powder, which burns when heated
in the air, It forms a very unstable compound with hydrogen, BH,, and
a chloride, BCl;, and bromide, BBrg, which are decomposed by water.

Aluminium, Al 27.1

The element aluminium 1s one of the most widely distributed
of all the elements contained in the solid crust of the earth.
Thus it forms an important constituent of felspar, a silicate of
potassium and aluminium (p. 346), which is present in large
guantities in many igneous rocks, such as granite, gneiss, etc.
When these rocks are exposed to atmospheric conditions they
gradually decompose, and, as already explained, certain of the
constituents are rendered soluble and are washed away (p. 181),
whilst the aluminium remains behind in the form of aluminium
silicate or clay, which is sometimes almost pure, but more
generally contains compounds of iron. Compounds of alu-
minium are, therefore, found in nearly all fertile soil, although
they are not assimilated by plants or animals.

Aluminium also occurs in several minerals, the most
important of which are an impure form of hydroxide contain-
ing oxide of iron, known as bawnaife, and aluminium sodium
fluoride or c¢ryolite, NaHAIFE. which is a white substance
resembling ice in appearance, and is found in large quantities
in Greenland ; both of these substances are now used for
the extraction of the metal.

The name of the element is derived from the word alum
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(Latin, alumen), which was applied to a salt well known even
in very early times.

Properties of Metallic Aluminium.—Aluminium is a
tin-white metal, and is very ductile and malleable, so that it
can easily be drawn into wire and beaten out into thin foil.
It is the lightest of the metals. used in the arts, having the
specific gravity of 2.6. It melts at 654° and becomes
crystalline when it is allowed to cool slowly. The thin foil
burns when heated in oxygen, but larger pieces merely
become oxidised on the surface. The metal dissolves easily
mm hydrochloric acid, hydrogen being evolved, and the chloride
formed in solution,—-

2Al + 6HCl = 2AICl, + 3H,.

It also dissolves slowly in sulphuric acid and still more
slowly in nitric acid, dilute or strong, but dissolves in alkalis
even more readily than zinc, hydrogen being evolved,—

2Al + 6NaOH = 2Al(ONa), + 3H..

EXPERIMENT 141.—Examine the action of hydrochloric,
nitric, and sulphuric acids, and caustic soda on metallic
aluminium.

Atomic Weight of Aluminium-—Formulse of the
Salts.—The equivalent of aluminium to hydrogen has been
directly determined by dissolving the pure metal in caustic
soda solution, and measuring the hydrogen which is evolved.
It has thus been found that exactly 1.008 gram. of hydrogen
1s evolved when 9.03 grams. of aluminium are dissolved, the
weight of the hydrogen being calculated from its measured
volume and its known density.

Aluminium forms a number of volatile compounds, especially
among its organic derivatives, and its atomic weight has been
found, both from the molecular weight and composition of
these, and from the specific heat of the metal, to be about 27.

Hence 9.03 x 3 =27.1 is taken as the exact atomic weight.
It follows from this that the atom of aluminium replaces three
atoms of hydrogen.

In all its compounds aluminium behaves in this way, only
forming one series of salts, the formulz of several of which are

given below—




LESSON XXIX METALLURGY OF ALUMINIUM 315

Aluminium chloride, AICL,.
Aluminium sulphate, AL(50,)..
Aluminium phosphate, . AlPO,.
Aluminium oxide, Al O..

Metallurgy of Aluminium

The oxide and chloride of aluminium are very stable
compounds, so that the preparation of the metal i1s a matter
of some difficulty. It was formerly made by heating the
chloride with common salt and metallic sodium,—

;5'11{.:13 + 3NEI. = Al -+ 3NHC1.
This process has, however, now been entirely given up, and

the metal 1s made at present by decomposing the oxide by
means of electricity,

2A1,0, = 4Al + 30,.

For this purpose alumina (aluminium hydroxide) is placed
in an iron pot (Fig. 47), which forms the negative pole, and a
current of electricity is passed through it. The temperature
rises, owing to the resistance of the alumina, until the oxide
melts and the fused mass then undergoes electrolysis, the
aluminium falling to the bottom of the pot, whilst the oxygen
unites with the carbon of the positive pole or anode and escapes
as carbon monoxide.

In another form of the process cryolite 1s added in order to
make the mass melt more readily.

Aluminium is now used to some extent instead of other
metals because of its brightness and lightness, and because it
does not readily oxidise in the air. Its alloys are also largely
employed for similar purposes. One of the most important of
these is that containing 9o per cent of copper, which is known
as aluminium bronze, and resembles gold in appearance ; this
alloy 1s malleable and almost as strong as cast steel,

Aluminium is largely used in the Thermite process for the
production of carbon-free metals, especially manganese and
chromium, and for the generation of intense heat to be used
locally for the welding of steel rails, etc. For welding purposes,
granulated aluminium is mixed with oxide of iron and the
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whole ignited by means of a small amount of a mixture of
aluminium and barium peroxide, which takes fire when a lighted
match is applied to it. The oxide of iron is reduced to metal
and a temperature of 3000° C. attained,—

Fe, 0, + 2Al1=Al,0, + zFe.

W . i

Fig. 47.

: Compounds of Aluminium

Aluminium Oxide, or Alumina, Al,O,, occurs in the
free state as corundum, which crystallises in six-sided prisms,
and is the hardest natural mineral with the exception of the
diamond. The ruby and sapphire simply consist of alumina
coloured by very small quantities of the oxides of chromium
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and cobalt respectively. Both these precious stones can be
obtained artificially by fusing alumina at a high temperature
with a trace of these oxides and then allowing the mass to
cool slowly.

A naturally occurring mixture of corundum with other softer
minerals is known as emery, and is largely employed for
polishing.

Aluminium Hydroxide Al(OH), is precipitated when
caustic sodais added to a solution of an aluminium salt, but
readily dissolves in an excess of the alkali, and is also readily
soluble in acids,—

Al(OH), + 3NaOH = Al(ONa), + 3H,0,
Al(OH), + 3HCl = AICl, + 3H,0.

This oxide, therefore, like zinc oxide, acts both as a basic
oxide and a weak acid-forming oxide. Its solution in caustic
soda solution is decomposed even by such weak acids as
carbonic acid. The hydroxide is not soluble in ammonia
except when a very large excess of the latter is present.

EXPERIMENT 142.—1. To a solution of aluminium nitrate
or sulphate add caustic soda solution drop by drop—a
gelatinous precipitate is formed which redissolves, Pass
a current of carbon dioxide through the solution—the
hydroxide is reprecipitated.

2. To another solution add ammonia in excess—the pre-
cipitate remains undissolved. To this add hydrochloric
acid—the precipitate at once dissolves.

The hydroxide 1s prepared on the large scale from bauxite,
which contains oxide of iron, by heating the mineral with
caustic soda solution, drawing off the clear liquor and either
decomposing it by a current of carbon dioxide, or allowing it
to stand in contact with alumina, under which circumstances
the pure hydroxide is deposited.

When aluminium hydroxide is gently heated it loses water
and forms a white amorphous mass of alumina,—

2Al(OH), = Al,0, + 3H,0.

In this form the alumina readily dissolves in concentrated
hydrochloric acid ; if, however, it be strongly heated the
alumina becomes crystalline, and then is no longer affected
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by hydrochloric acid, in this respect resembling the naturally
occurring corundum,

Aluminium hydroxide has the property of combining with
colouring matters to form insoluble coloured compounds called
lakes, and on this account is largely used as a mordant in
dyeing. Many colouring matters do not dye ordinary cotton
cloth, but if the fibre of the cloth be impregnated with alumina,
an insoluble coloured lake is formed in the fibre and the dye
thus retained.

EXPERIMENT 143.—To0 § cc. of a solution of alum or
aluminium sulphate add 1 cc. of logwood extract, made
by boiling logwood chips with water, and make alkaline
with ammonia. The whole of the colouring matter is
precipitated with the alumina, leaving a colourless
solution.

Aluminium Sulphate, Al,(SO,), + 18H,0, is prepared
by dissolving the hydroxide in dilute sulphuric acid or by boil-
ing china clay (aluminium silicate) with sulphuric acid. It is a
white crystalline salt which is easily soluble in water.

The Alums.—Aluminium sulphate forms a remarkable
series of double salts with the sulphates of ammonium,
potassium, sodium, and other monovalent metals, all of which
crystallise in the same form and have a similar chemical
composition. The compounds with potassium and ammonium
sulphates are the best known of 111&5&, and are termed pntaﬁh
alum or potassium alum and ammonia alum.

Potassium Alum, K, SO, + Al,(SO,), + 24H,0, is pre-

pared on a very large scale fur use in d:,’emg from bauxlte and
frr::-m bituminous shale. The latter is first burnt in order to
remove the organic matter and any sulphur, and is then
boiled with sulphuric acid, which dissolves the alumina of the
shale, forming aluminium sulphate. The solution thus ob-
tained is mixed with potassium sulphate solution, and the
whole stirred until cold. Finely divided alum is precipitated,
which 1s then washed and recrystallised. DBauxite is treated
in a somewhat similar manner; the potassium sulphate is
made from potassium chloride by the action of sulphuric acid.

EXPERIMENT 144.—Dissolve 33 grams. of crystallised
aluminium sulphate in 50 cc. of boiling water, and then
add 8.5 grams. of powdered potassium sulphate. Boil
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until the whole of this has dissolved, and allow to
cool. Filter and drain the crystals. which are formed,
and use them for preparing large crystals of alum as
described on p. 142.

Potassium alum crystallises in transparent octahedra (Fig.
20, p. 138), and is only moderately soluble in water, 100
parts of which, at 10°, dissolve 9.5 of alum. Its solution has
a very astringent taste and is acid to hitmus (p. 160).

Ammonia Alum, (NH4)ESD4+ﬁl,j(SD“)H-FQ-ﬂLHED, 1S
prepared in a similar way to the potassium salt, ammonium
sulphate being added to the crude aluminium sulphate.
It resembles the potassium salt very closely in all its proper-
ties. The alums afford an excellent example of isomorphism,
since they all crystallise in the same forms, and moreover,
a crystal of one will grow in a concentrated solution of the
others, .

A number of other “alums” are known which have a
similar composition to the above, but contain chromium or
iron instead of aluminium, the formula of chrome alum being
K,50, + Cry(SO,),; + 24H,0, and that of iron alum, K,SO, +
Fe. {‘304}3 + 24H 0. I‘he*;e salts are 15::-11mrphnus '-.wth each
other and also with the alums described above,

Alum is very largely used in dyeing and calico-printing,
since it is very easily obtained pure and free from iron.

Aluminium Nitrate, A(NO,), + 8H,0, is a deliquescent
crystalline salt, prepared by dissolving the hydroxide in nitric
acid. It readily decomposes on heating, alumina being formed.

Aluminium Phosphate, AIPO,, i1s an amorphous white
precipitate, formed by adding sodium’ p]ﬂsphdtﬂ to a solution
of an aluminium salt. It dissolves in mineral acids and caustic
soda, but not in ammonia.

Aluminium Chloride, AlCL, is formed when aluminium
is heated in a current of dry chlorine, and may also be
prepared by heating a mixture of alumina and carbon in a
current of chlorine,—

ALO, + 3C + 3Cl, = 2AICl, + 3CO.

This method is frequently adopted for the preparation of
chlorides from oxides, which cannot easily be reduced to the
metal.
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It is a white volatile solid, which fumes when exposed to
moist air, and 1s decomposed by water,—

AICl, + 3H,0 = A(OH), + 3HCL

The solution obtained by treating aluminium hydroxide with
hydrochloric acid decomposes when it is evaporated beyond
a certain degree of concentration, and loses hydrochloric acid,
a residue of aluminium hydroxide being finally left, so that the"
anhydrous chloride cannot be thus obtained.

The chloride is readily volatile and yields a vapour which
at temperatures above 750" has the density corresponding with
the formula AICL,

Aluminium Sulphide, AlS,.-—The sulphide of alu-
minium is formed when the metal is heated with sulphur. It
1s decomposed by water, forming aluminium hydroxide and
sulphuretted hydrogen,—

ALS, + 6H,0 = 2A1(OH), + 3H,S.

Hence aluminium sulphide cannot be obtained by pre-
cipitation, and is not formed by the action of sulphuretted
hydrogen or ammonium sulphide on a solution of an aluminium
salt. Ammonium sulphide under these circumstances acts as
though it were simply ammonia, and produces a precipitate of
the hydroxide.

Ultramarine is a beautiful blue substance which is pro-
duced when a pure form of clay is heated with sand, sodium
sulphate, sulphur, and charcoal. @A number of different
varieties are known, all of which contain sulphur, part of
which is given off as sulphuretted hydrogen when the ultra-
marine is treated with acids. Identical in composition is Japis
lazuli, which occurs as a mineral in Central Asia. Ultramarine
is largely used as a paint, and for paper staining and laundry
purposes. The chemical constitution of ultramarine is un-
known.

Detection of Aluminium. — Aluminium cannot be
obtained in the metallic state by the reduction of its compounds
on charcoal, nor does it yield a coloured borax bead, or pro-
duce a flame coloration. When strongly heated its com-
pounds leave a white infusible residue of alumina, which is
coloured blue when it is strongly heated with a salt of cobalt.
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Aluminium is precipitated from solutions of its salts by
ammonia or ammonium sulphide as the gelatinous white
hydroxide, which is readily soluble in acids and in caustic
soda,

SUMMARY

Aluminium is a white metal, which burns when strongly heated in the
air, and dissolves readily in hydrochloric acid and in caustic soda, very
slowly in sulphuric and nitric acids.

Aluminium only forms one series of salts, and in these it replaces three
atoms of hydrogen. The oxide has basic, and at the same time weak
acid-forming properties, so that the hydroxide dissolves both in acids and
in alkalis. '

The sulphate is readily soluble in water and forms characteristic double
salts with the alkali sulphates, known as the alums.

ExErcISES oN LEeEsson XXIX

1. How are boric acid and borax obtained on the large scale ?

2. How can boric acid be prepared from borax, and borax from boric
acid ?

3. Describe the preparation and properties of free boron. Give a
short account of the most important compounds of this element.

4. T0.358 grams. of crystallised borax yield 5.478 grams. of anhydrous
borax on careful drying. Assuming that the formula of the crystallised
salt is NayB,0, 4+ 10H,0, calculate from these numbers the atomic weight
of boron.

5. What are the chief compounds of aluminium which occur in nature ?

6. How is metallic aluminium prepared and what are its chief physical
properties ?

7. Give an account of the alums.

8. Describe the preparation of aluminium chloride, (2) from metallic
aluminium, (#) from alumina. What are the properties of this compound ?

g. Describe the chief chemical and physical properties of alumina and
aluminium hydroxide.

10. Compare the chemical properties of boron and aluminium and
their compounds with those of arsenic and its compounds.



LESSON XXX
THE ELEMENTS OF THE CARBON GROUP
CARBON. SILICON. Tin. LEAD.

THE relations which exist between the elements of this group
are somewhat similar to those of the elements of the nitrogen
group.

As in the case of the latter, the elements of lower atomic
weight are non-metallic in character, whilst those of higher
atomic weight are metals. Thus carbon and silicon are non-
metals, whilst tin and lead are metals. All the elements of
this group are quadrivalent and form characteristic oxides of
the formula RO,

The Compounds of Carbon

Carbon is distinguished from all the other elements by the
fact that it forms an enormous number of different compounds
with hydrogen. Derivatives of these containing oxygen,
nitrogen and other elements are also formed in very large
numbers. Many of these occur in nature and form constitu-
ents of living animal and vegetable organisms, but the majority
of them are not found in nature, but have been prepared in the
laboratory. On account of this great number of compounds,
it has become usual to study the carbon compounds as a
special branch of chemistry, known as organic chemistry. It
must, however, be clearly understood that there is no real
distinction between the principles of organic and of inorganic
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chemistry, although it is true that many important chemical
phenomena have been first observed among carbon compounds
and are more characteristic of them than of other substances.
In this book no attempt is made to do more than indicate by
one or two simple examples the methods by which the study
of the compounds of carbon with hydrogen, oxygen and
nitrogen may be begun.

Carbon itself, the oxides and a few of its chief compounds
have already been described (R. and L., pp. 216-239)

The Halogen Compounds of Carbon

Carbon unites so readily with fluorine that finely divided
charcoal and lamp black take fire when brought into the gas,
forming the gaseous fluoride, CF,.

The remaining elements of the halogen group, however, do
not combine directly with carbon, so that their compounds
with this element must all be prepared by indirect methods
from other carbon compounds. Many of these are of great
interest and importance and several of them will be de-
scribed.

Action of Chlorine on Marsh Gas. Substitution.—
When equal volumes of chlorine and marsh gas are mixed
and preserved in the dark, no change occurs, just as when
hydrogen and chlorine are treated in the same manner. When
the mixture is exposed to light, however, a reaction occurs,
and hydrogen chloride is produced, together with a new gas
which 1s found to have the formula CH,Cl. The reaction
which has occurred is represented by the equation—

CH, + Cl,= CH,Cl + HCL.

One hydrogen atom of the marsh gas, therefore, has been
replaced by one atom of chlorine and this change is known as
substitution. The characteristic of substitution is that the
atoms which are replaced are chemically equivalent to the
atoms or radicals which replace them. Thus in the case
under consideration hydrogen and chlorine are both univalent
and the carbon atom both in marsh gas and in the new gas,
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CH,Cl, remains combined with four univalent elements. This
may be represented graphically by the following formule,—

H H
H L -k H-C-Cl
H : H
Methane. Monochloromethane.

The same idea is expressed in the name of the new com-
pound which is monochloro-methane, indicating that it is
formed from methane by the substitution of one atom of
hydrogen by one of chlorine.

Monochloromethane or Methyl Chloride, CH,ClL—
This gas can easily be liquefied and boils at —23°. It is only
slightly soluble in water, readily in alcohol. It burns with a
green-bordered flame, which 1s characteristic of organic com-
pounds containing a halogen element, forming carbon dioxide,
water and hydrochloric acid. The solution in water is neutral
and is not precipitated by silver nitrate solution. This is a
fact of considerable interest, as it shows that monochloro-
methane differs from all the other chlorine compounds which
we have so far considered in neither acting as a derivative of
hydrochloric acid nor being decomposed by water with forma-
tion of hydrochloric acid. It i1s characteristic of the halogen
substitution products of the hydrocarbons, that the halogen
atom does not enter so readily into reactions as that present
in the halogen compounds of many other elements, and that
they do not as a rule act as salts, this being especially true
of the chlorine compounds. In spite of this, however,
monochloromethane 1s often termed methyl chloride, the name
methyl being given to the group CH,, which, as we shall see,
often acts as a univalent compound radical (p. 327).

The process of substitution can be repeated in stages,
resulting in the production of a series of compounds in which
the hydrogen atoms of methane are successively substituted
by chlorine, as shown by the following formule :(—

H H Cl Cl Cl
H-C-H H.C-Cl . H-GC-Cl Gl e S sy
H H H H Cl
Methane. Monochloro- Dichloro- Trichlora- Tetrachloro-

methane. methane. methane, methane.
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Tetrachloromethane CCl, or Carbon tetrachloride.
—The final product i1s best PI’EP’!.IE(I. by acting on carbon
bisulphide, CS, (p. 340), with chlorine in presence of antimony
chloride. It 1s a calnurlesa, mobile liquid, with a characteristic
smell, boils at 77°, and does not burn in the air and is not
decomposed by water or readily acted on by chemical reagents,
in this resembling its parent hydrocarbon, methane. The
physical properties of the three intermediate compounds CH,Cl,
CH,Cl,, CHCI,, are intermediate between those of CH, and
CCl, as is shawn in the following table in which the clensztles
and boiling points are given. It will he seen that density and
boiling point both increase with the number of chlorine atoms
present,

Density at o°, Boiling point.
CH. : : Gas —155°
CH,CI . : Gas - 23°
CHECIE . - 1.36 + 400
CHE . I.52 + 61°
ECl,. . 24 1.61 + 77°
: |

This is an example of the general rule that #ie physical pro-
perties of a series of substitution comipounds themselves form
@ progressive Sevies.

The corresponding bromine and iodine compounds are all
known, but only the monosubstitution derivatives CH,Br and
CH,I can be considered here (p. 328).

Meth:rfl Alcohol.—When monochloromethane is heated
at 100° with caustic potash solution, in a sealed tube, it is
decomposed and potassium chloride is formed along with a
substance of the molecular formula, CH,0. This compound
1s a colourless liquid which boils at 66° and mixes with water,
from which it can again be separated by treatment with
quicklime, which combines with the water but not with the
new compound. It is found to be in all respects identical
with a substance known as methyl alcohol or wood-spirit
which is one of the products obtained when wood is subjected
to dry distillation, i.e. heated in a retort in absence of air.

Chemical Properties and Constitution of Methyl
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Alcohol.—Some idea of the chemical nature of this compound
may be gained from the following properties :(—

1. It readily burns with a colourless flame forming carbon
dioxide and water.

2. Metallic sodium decomposes it with evolution of hy-
drogen. The sodium does not float as it does on water and
does not melt, because the alcohol is lighter than .sodium and
its boiling point is below the melting point of sodium. A
quantitative study of the reaction shows that only one of the
four hydrogen atoms is replaced by the sodium, the reaction
being,—

2CH,O + 2Na=2CH NaO + H,.

One of the hydrogen atoms therefore differs from the other
three in its chemical behaviour and we may indicate this by
writing the formula CH,-HO or CH,(H)O.

3. When saturated with hydrogen chloride, methyl chloride
is formed together with water. Practically the yield is better
if the reaction be carried out in the presence of zinc chloride,
which acts as a dehydrating agent. Precisely similar reactions
occur with hydrogen bromide and iodide and result in the
production of CH,Br and CH,L

In these three reactions, therefore, a hydrogen and an
oxygen atom are removed and replaced by a halogen atom.
The simplest explanation seems to be that they are united
together to form a group of atoms or radical which is capable of
acting as, and being replaced by, a univalent element. Oxygen
being bivalent and hydrogen univalent, it is evident that the
group -O-H would be univalent, and hence it is assumed that
the oxygen and hydrogen are present in this form of combina-
tion in the molecule of methyl alcohol, which may therefore be
written CH,-O.H. Methyl alcohol is therefore marsh gas in
which one atom of hydrogen has been substituted by hydroxyl.
The equation representing ‘the action of the halogen acid on
this substance is therefore,—

CH,-OH + HCl=CH,.Cl + H,0.

The hydrogen of the compound CH,CI is not replaced by
metallic sodium, and hence it is probable that the H atom of
methyl alcohol which is replaced by sodium is the one com-
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bined with the oxygen atom, so that the equation for this
reaction may now be written,—

2CH,.0-H + 2Na=2CH,.0-Na + H,.
The formula CH,-OH may be written more fully
H

B GO H
H

and indicates that three of the H atoms are directly combined
with C, whilst the fourth H atom is combined with O and
this O with the C, so that the relations of the fourth hydrogen
atom to carbon are different from those of the other three.

The group :OH is known as hydroxyl and has already been
discussed (p. 198) as being invariably present in oxy-acids and
bases. The group -CH, is known as the methyl group and
also occurs in a very large number of compounds.

The group -OH can also be replaced by chlorine by acting
on methyl alcohol with phosphorus pentachloride,—

CH,OH + PCl, = POCI, + HCl + CH,CL.

This is a reaction which can be carried out with so many
compounds containing the group -OH that it has become
recognised as a test for the presence of this group.

It will be noticed that there is a very close analogy in
formula and reactions between methyl alcohol and the metallic
hydroxides. The action of concentrated hydriodic acid on
caustic potash and on methyl alcohol is represented by similar
equations,—

1. K.-OH + HI=KI + H,0.
2. CH,OH + HI=CH,I + H,0.

On this account a compound such as CH,I is sometimes
regarded asa salt derived from thealcohol and the corresponding
acid, and this is expressed in the name methyl iodide. It must
be remembered, however, that the solution of methyl alcohol
in water is not alkaline, like that of caustic potash, and that
it does not neutralise dilute acids, and also that moniodo-
methane or methyl iodide does not react with silver nitrate
like potassium iodide. These facts find an explanation in the
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circumstance that methyl alcohol and methyl iodide are non-
electrolytes and are not electrolytically dissociated in solution
(p- 451). All such “salts” derived from an alcohol and an
acid are termed esfers.

Methyl alcohol serves as the source from which many of the
derivations of methane are obtained, and is used for the
preparation of monobromo-methane or methyl bromide and
mono-iodomethane or methyl iodide. For this purpose the
alcohol is treated with red phosphorus and bromine or iodine
and the resulting compound removed by distillation,—

6CH,OH + 2P + 3Br, = 6CH,Br + 2H,PO,,

The boiling point and specific gravity both increase as chlorine
is replaced by bromine and the latter by iodine, and this is
usually the case in similar series of compounds.

Boiling Point, | Specific Cravity
Methyl chloride . : - 23
- bromide . - + 4.5 1.73
X 1odide ; : 45 2,79

Ethane, C,H.-—When methyl iodide is treated with
sodium, the iodine is removed and a new gas of the molecular
formula C,H; is produced,—

ZCHEI + 2Na=2Nal + CEHE.

This gas resembles methane very closely in its chemical
properties, being inert and not easily acted on by reagents.
It boils at a higher temperature than methane, - 93°.
The mode of formation of this gas leads to the formula
H.; H

CH,.CH, or more fully H—C—C-—H. This indicates that
FE

the two carbon atoms are each united with the other and with

three hydrogen atoms. The full proof that this is the case

can only be obtained by a further study of the derivatives of

¥
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.

this substance. This formula fulfils the condition which has
been established by experience that in the vast majority of its
compounds carbon acts as a quadrivalent element. In this
case it is seen that each carbon atom is united with 3 univa-
lent hydrogen atoms and that the fourth valency is satisfied by
the union of the atom with another carbon atom. The power
which the carbon atom possesses of combining with one or more
other atoms of carbon distinguishes it from all the other elements
and affords the explanation of the enormous number and
complexity of the carbon compounds.

Homologous Series.—The various reactions by which
ethane C,H; was obtained from methane CH, can be repeated
with ethane. The iodine compound C,H.I, corresponding to
CH,I, can be prepared, and when this is mixed with methyl
iodide and treated with sodium a similar reaction occurs,—

C,H,I+CH,I +2Na=C,H,.CH, + 2Nal.

The new compound is derived from ethane by replacing a

hydrogen atom by the group CH,, just as was ethane from

methane, and its formula is accordingly CH,.CH,-CH, or
H H H

H—C—C—C—H. It is known as propane and chemically
I
O
closely resembles ethane and methane, whilst its boiling point
is — 45°, considerably higher than that of ethane.

Further repetition of the process leads to a whole series
of hydrocarbons, each of which is derived from the next lower
one by the replacement of hydrogen by the group CH,.
Series of compounds like this are of very frequent occurrence
among the carbon compounds and are known as Jlewmologous
sertes, because the members of them bear a general resemblance
to each other in chemical character, whilst their physical
properties undergo a gradual and progressive change as the
molecular weight increases.

The series of which methane is the starting-point is known
as the normal paraffin series, because the hydrocarbons of which
paraffin consists form the hicher members of it. The formula
of the succeeding members differ by CH, and may be expressed
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by the general formula C H,_.,. In constitution and
chemical properties they closely resemble methane and ethane,
being very little affected by most reagents, even sulphuric and
nitric acids, whilst they all form substitution compounds with
chlorine. The lower members are gases, but as the molecular
weight rises the boiling and melting points rise, so that those
containing from 5-15 carbon atoms are liquid and those of
higher molecular weight are solid at the ordinary temperature.

The name, formula, and boiling and melting points of some of
the series are given in the following table.

Name. Formula. | Boiling Point. Melting Point.
Methane . : : CH, l — 165°
Ethane : . : CoHg | - 93"
Propane . : : C,Hs ~ 45°
Butane : : : CHip | 4 I°
Pentane . . ; B IR + 37°
Hexane . : ) CeHi4 1 + 69°
Hexadecane : . CisHgy | + 287" 18°
Pentatriacontane . CyHig | 331° at 15 mm. 75°

Similar series are known derived from ethylene, acetylene,
benzene (C, H), and many other hydrocarbons.

Ethyl Alcohol, C,H,0.—Ethane can be converted into an
alcohol in precisely the same way as methane. Monochloro-
ethane (or ethyl chloride), C,H,Cl, is formed by the action of
chlorine in the light, and this when heated with water or potash
yields ethyl alcohol,—

C,H,Cl + KOH = C,H,-OH + KCL

Ethyl alcohol is the alcohol which is prepared by fermentation

and is known as spirits of wine. It boils at 78° and closely

resembles methyl alcohol in chemical properties. Precisely

the same reasons lead to its formulation as C,H,-OH, as led

to the analogous formula for methyl alcohol. When written
H H

more fully this becomes H—C.C-0O.H or CH,-CH,-0O- H,

i
H H
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=

one of the hydrogen atoms of ethane having been replaced by
the -.OH group.

Each hydrocarbon of the normal paraffin series is capable
of yielding a similar alcohol, so that an homologous series of
alcohols is also known, the members of which all possess
similar chemical properties whilst the physical properties
undergo a gradual and progressive change.

The Oxidation of Ethyl Alcohol.—Ethyl alcohol very
readily undergoes oxidation when it is submitted to the action
of oxidising agents. When the process is carefully examined
it is found that it occurs in two stages.

1. When alcohol is slowly added to an oxidising mixture
of potassium bichromate and sulphuric acid and the mixture
kept cool, a volatile substance is produced the vapour of which
distils over and may be collected in ether. This new substance
combines with ammonia to form a compound insoluble in ether,
and advantage is taken of this to obtain it in the pure state,
the ammonia compound being dried and then distilled with
dilute sulphuric acid. When pure the new compound is
found to be a colourless liquid boiling at 21° and possessing a
peculiar suffocating odour. It is known as acefaldeiyde and
has the molecular formula C,H,O. A small amount of it 1s
formed when alcohol is burned m a limited supply of air,

2. When alcohol is more vigorously oxidised, as for example
by a hot mixture of potassium bichromate and sulphuric acid,
it is converted into acetic acid, which can be distilled, and
converted into a salt from which the pure anhydrous acid
can readily be prepared by treatment with concentrated
sulphuric acid. Acetic acid boils at 119°, and solidifies at
17° to a crystalline mass. It has the molecular formula
C,H,0, Acetic acid is also formed when acetaldehyde is
further GKIdlSEd so that the latter is an intermediate product
between the alcuhul and the acid. We are now able to see
what change has been produced in composition by the
successive stages of oxidation in passing from alcohol to acetic
acid :

C,H,O C,H,O C,H,0,

Alcohol. Acetaldehyde. Acetic Acid.

In the production of acetaldehyde two hydrogen atoms have
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been removed, and in the further production of acetic acid
from this one atom of oxygen has been added. The question
now arises as to how the constitution of these bodies differs
from that of alcohol, and this can only be answered by a study
of the properties of the two compounds.

Ll

Constitution of Acetaldehyde

1. Acetaldehyde does not contain a hydrogen atom which
can be replaced by sodium.

2. The hydroxyl group (- OH) which was present in
alcohol is no longer there. Phosphorus pentachloride instead
of replacing hydroxyl by chlorine now exerts an entirely
different action and replaces one atom of oxygen by two atoms
of chlorine, producing a compound C,H ,Cl,.

These properties suffice to indicate the change that has oc-
curred. Inthe removal of the two hydrogen atoms, the hydroxyl
group has been destroyed and an oxygen atom left combined
entirely with carbon. These facts lead to the constitutional

H" ‘H

]
formula H—C—C = O for the aldehyde.

|
5

Constitution of Acetic Acid

1. Acetic acid, as its name implies, has acid properties,
and is a monobasic acid. The silver salt, for example, which
is only slightly soluble in water, has the formula Ag.C,H,O,.

2. It contains an hydroxyl group which is replaced by
chlorine when the acid is acted on by phosphorus penta-
chloride (see p. 327), yielding the compound C,H,OCI, known
as acetyl chloride. This substance does not contain a hydrogen
atom which can be replaced by sodium.

3. Acetic acid still contains the methyl group -CH, which is
present in ethyl alcohol. This is shown by many reactions, the
simplest being that when an acetate is heated with an alkal,
marsh gas i1s produced,—

CH,CO,Na + NaOH = CH,-H + Na,CO,
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It follows from this that the changes produced by oxidation
have been confined to the atoms united with the carbon atom
with which the .OH group of the alcohol was combined.

The formula which i1s in agreement with all these facts is

H O

|
H.C.C.OH or CH,-CO-OH.

|

H
Acetyl chloride thus becomes CH,-CO-Cl.

When the formulae for alcohol, aldehyde and acetic acid
are compared, the intermediate character of the aldehyde is
well seen.

H H OH
7t : L AL T
CH, - C: CH: . & GHC
. OH NG *No
Ethyl Alcohol. Acetaldehyde. Acetic Acid.

This intermediate character is borne out by the behaviour
of the aldehyde. When it is oxidised it is converted into
acetic acid, and this occurs so readily that it reduces many
metallic oxides. The formation of a silver mirror with an
ammoniacal solution of silver oxide forms in fact one of the
tests for aldehyde,—

C,H,O0+Ag,0=C,H,0,+ 2Ag.

On the other hand, when it is treated with sodium amalgam
and water it is reduced back again to alcohol,—

C,H,0 + 2H =C,H,0.

Acetic acid, on the other hand, cannot easily be either oxid-
ised or reduced.

The Oxidation of Methyl Alcohol.—The oxidation of
methyl alcohol also proceeds in two stages leading to the
formation of first an aldehyde and then an acid.

H
Formaldehyde, H.C / , 15 prepared both on the large
No
and small scale by the incomplete combustion of methyl
alcohol, the vapour of which, along with the proper quantity
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of air, 1s passed through a heated tube containing copper, coke,
or some other material, and the aldehyde obtained as a solution
In water,—

2CH,-OH + O,=2H.CHO + 2H,0.

Like acetaldehyde it reduces many metallic oxides and has
a pungent odour. A 40 per cent solution in water is largely
used as a disinfectant under the name of formalin.

OH

Formic Acid, H,CO, or H - C\ is produced when
O

formaldehyde is further oxidised, but this method is not suitable
for its preparation.

The chemical relations between methyl alcohol, form-
aldehyde and formic acid are the same as between ethyl
alcohol, acetaldehyde and acetic acid :

Hﬂ
ool o el
NoH "No No
Methyl alcohol. Formaldehyde. Fortmc acid,
H OH
s ~ & v
CH,.C CH - CH, - 'L
NoH ' Np ¥ Np
Ethyl alcohol. Acetaldehyde. Acetic acid.

In every case the member of the ethyl series contains a
methyl group, :CH,, in place of the hydrogen atom of the
methyl series. A similar difference exists between the ethyl
series and the next higher one and so on. It is therefore
possible to express these relationships by a general formula
in which R indicates a hydrogen atom or a univalent group
such as methyl, -CH,, ethyl, -C,H,, etc., these groups being
known by the general term a/Zy/ groups.

OH
// / 7
e R.C
“NoH N 0 No
Alcohol. Aldehyde. Acid.

The salts of formic acid may be synthetically produced in
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two very simple ways: (1) By the direct union of carbon
monoxide with caustic potash, which occurs very slowly,—

KOH + CO=H.CO.OK.

(2) By the direct union of carbon dioxide with sodium
hydride,—
NaH + CO,=H.CO-:0ONa.

The anhydrous acid cannot be prepared in the same way
as acetic acid, because strong sulphuric acid decomposes it
into carbon monoxide and water,—

H.CO-OH =H,0 +CO.

This is one of the best methods for preparing pure carbon

monoxide.
The pure acid is therefore prepared by decomposing lead
formate with sulphuretted hydrogen, then distilling the acid,—

(H-CO.0),Pb+ H,S=2H-CO-OH + PbS.

It boils at 101° and is a somewhat stronger acid than
acetic. Formic acid differs in constitution from acetic acid
only by having a single hydrogen atom combined with the

OH
group — C< , in place of the methyl group of acetic acid,—
No

OH OH OH
c’ c/ S
CH3G\0 P{C\ﬂ IH)C\ﬂ

Acetic Acid. Formic Acid. Carbonic Acid.

This makes it very closely allied with carbonic acid, as
shown above. As a matter of fact, formic acid is much less
stable than acetic acid and is very easily oxidised to carbonic
acid. It is therefore a strong reducing agent and, like
formaldehyde, produces a silver mirror with an ammoniacal
solution of silver oxide,—

H.CO-.OH + Ag,0=HO.CO-OH + 2Ag =
H,0 + CO, + 2Ag.

It also reduces mercuric chloride to mercurous chloride and
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can be estimated by means of this reaction, the mercurous
chloride produced being weighed,—

2HgCl, + H,CO, = 2HgCl + 2HCl + CO,.

Formic acid, H-CO,H, and acetic acid, CH,-CO,H, are
the first members of an homologous series of monobasic acids
known as the fatty acid series, in which, as in those of the
paraffin hydrocarbons and of the alcohols, the general chemical
properties are analogous, whilst the physical properties undergo
a gradual and progressive change. In this case as in the
others the boiling point gradually rises as the molecular weight
Increases. -

Compounds of Carbon with Nitrogen

Hydrocyanic Acid, HCN.—Carbon does not unite
directly with nitrogen even at a high temperature, but
combination can be indirectly effected mm several ways. The
formation of sodium cyanide from sodamide and carbon, and of
potassium cyanide by heating potassium carbonate and carbon
in ammonia are described elsewhere (pp. 162, 338), and the
production of ferrocyanides is described later on (p. 389).

Hydrocyanic acid is also formed when a mixture of acetylene,
C,H,, and nitrogen is subjected to a series of electric sparks,—

CEHE -+ N.‘J: ZHCN-

This affords a means of synthesising this substance from its
elements, since acetylene can be obtained from carbon and
hydrogen at a high temperature.

Part of the nitrogen of coal forms hydrocyanic acid when
the coal is distilled, so that this compound is present in crude
coal gas, which serves as a source of cyanides on the large
scale (p. 389). The acid was formerly known as prussic acid
because it was prepared from Prussian blue.

When potassium cyanide is treated with a dilute acid,
it decomposes yielding the corresponding acid, hydrocyanic
acid,—

KCN + H,SO, = KHSO, + HCN.

The vapour of the acid is extremely poisonowus and the pre-
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paration of the anhydrous acid requives the grealest care and
should only be undertaken by skilled persons. For this purpose
a mixture of equal volumes of sulphuric acid and water is
allowed to drop on to lumps of potassium cyanide. Hydro-
cyanic acid is evolved, is dried by being passed over warm
calcium chloride, and is then condensed in a freezing mixture
at — 10°.

Pure hydrocyanic acid is a colourless, mobile liquid which
boils at 26° and freezes at — 15°. Its vapour has the normal
density corresponding to the formula HCN.

It is inflammable and burns with a violet flame. The
greatly diluted vapour of the acid possesses a characteristic smell
and produces an irritation of the throat by which it can readily
be recognised.

The acid mixes with water, yielding a solution which acts
as a very weak acid (see p. 338).

The Cyanides.—The salts of the metals of the alkalis
and alkaline earths are soluble in water and mercuric cyanide
1s also soluble, but those of the other metals are insoluble,
although they are as a rule dissolved by potassium cyanide,
soluble double cyanides being formed (see pp. 282, 389, 401).
The soluble cyanides may be obtained by adding hydrocyanic
acid to the hydroxides ; the insoluble ones by precipitation by
means of sodium or potassium cyanide.

Concentrated sulphuric acid decomposes the cyanides with
formation of ammonium sulphate and carbon monoxide,—

KCN +2H,SO, + H,0=KHSO, + NH ,HSO, + CO.

When boiled with alkalis they slowly yield ammonia and
formic acid (p. 334),—

KCN + 2H,0 = NH, + H . COOK.

The acid is detected by the following reactions :—

1. Silver nitrate gives a white precipitate of silver cyanide,
insoluble in cold dilute nitric acid, soluble on
boiling.

2. When an alkaline solution is boiled with a mixture of a
ferrous and ferric salt and then acidified, Prussian blue
is formed. Ferrous cyanide is formed and is converted

Z
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into a ferrocyanide, which reacts in the acid solution
with the ferric salt, forming Prussian blue (see p. 390).

3. When a cyanide is evaporated to dryness with a drop of
yellow ammonium sulphide, it combines with sulphur,
forming a thiocyanate, and this gives a characteristic
red coloration with ferric chloride.

Potassium Cyanide, KCN, may be prepared on the
large scale by heating potassium ferrocyanide, or by treating
a fused mixture of potassium carbonate and charcoal with
ammonia, but has now been largely superseded by the sodium
salt (p. 162). It is a white crystalline salt, which, like
hydrocyanic acid itself, is extremely poisonous. Hydrocyanic
acid is a very weak acid, and a solution of potassium cyanide
is always found to have an alkaline reaction (p. 161).

Potassium cyanide forms an excellent reducing agent, and
1s much used in the laboratory in this capacity. Thus, when
fused with many metallic oxides it takes the oxygen from
them, leaving the free metal, and forming a new salt, pofassium
cyanate, KCNO,—

KCN + PbO = KCNO + Pb.

Potassium Sulphocyanide, or Potassium Thio-
cyanate, KCNS.—This salt is formed when potassium
cyanide is heated with sulphur, or when a solution of potassium
cyanide is boiled with yellow ammonium sulphide. It crystal-
lises in long prisms and is readily soluble in water, a consider-
able amount of heat being absorbed. It is used in analytical
chemistry as a reagent for ferric salts, with which it gives
a blood-red coloration, due to the formation of ferric thio-
cyanate,

Cyanogen (CN),—When mercuric cyanide is heated it
decomposes into metallic mercury and gaseous cyanogen, which
may be collected over mercury,—

Hg(CN),=Hg +(CN),

It is most conveniently prepared by adding a concentrated

solution of potassium cyanide to a solution of copper sulphate -

in twice its weight of water and warming. Cupric cyanide is
first formed and then decomposes into cuprous cyanide, which
1s a white insoluble salt, and cyanogen,—

2Cu(CN), = Cu,(CN), + (CN),

|
|
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This reaction is very similar to that which occurs when
potassium iodide is added to copper sulphate solution (p. 272).

Cyanogen is a colourless gas, which is wery poisonons and
has an odour of peach kernels. It burns with a beautiful
purple-mantled flame and readily forms explosive mixtures
with air or oxygen,—

(CN), + 20,=2C0, + N,.

It is soluble in four volumes of water and condenses to a
liquid which boils at — 21° and freezes at — 34°. The vapour
density corresponds with the molecular formula (CN),.

In its chemical properties cyanogen in many respects
resembles a halogen element. Thus when it is passed over
heated potassium it unites with it forming potassium cyanide,
just as chlorine unites with potassium forming the chloride,—

2K+ (CN),=2KCN,
2K + Cl, = 2KCl.

The group— C=N, in other words, is able to act as a
univalent acid radical, just as the group — NH, is able to act
as a univalent metal. Thus two of these groups unite to form
the molecule of the free gas, just as do two atoms of chlorine,
bromine or iodine. This analogy is rendered evident when
the formula of some of the compounds are placed side by side.

Chlorine, CI, Cyanogen, (CN),
Hydrochloric acid, HCI Hydrocyanic acid, H(CN)
Potassium chloride, KCl  Potassium cyanide, K(CN)
Mercuric chloride, HgCl, Mercuric cyanide, Hg(CN),

It is interesting to note that it was the study of the cyanogen
compounds that first led to the recognition of compound
radicals, capable of acting in many ways as an element
(p- 198). The name cyanogen (producer of blue) refers to
the fact that this group occurs in Prussian blue. The analogy
between cyanogen and chlorine extends to the action of these
substances on the alkalis. When cyanogen is passed into
caustic potash solution, it is absorbed and a mixture of cyanide
and cyanate is produced, just as a chloride and hypochlorite
are formed from chlorine,—

2KHO + (CN),=KCN + KCNO + H,0.
2KHO + Cl,= KCl + KCIO + H,0.
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Potassium Cyanate, KCNO.—This salt is also formed
when potassium cyanide is melted with a reducible oxide
(p- 338), but is best prepared by heating potassium ferro-
cyanide with potassium bichromate. It is soluble in dilute
alcohol and in water. Acids produce a remarkable decomposi-
tion, as the unstable cyanic acid which is first produced is .
decumpnsed by the water present forming ammonium carbnnate
which is then decomposed by the acid present,—

1. KCNO + HCl=KCl + HCNO.
2. HCNO + 2H,0 = (NH,)HCO,.
3. (NH,)HCO, + HCl=NH,Cl + H,0 + CO,.

The cyanates therefore effervesce with acids like carbonates.
Pure cyanic acid, HCNO, is extremely unstable and is a
colourless liquid having a very pungent smell.

Carbon and Sulphur

Carbon Bisulphide, CS,—When sulphur vapour is
passed over red-hot charcoal, the two elements unite and form
carbon bisulphide, CS,. It is a colourless liquid which boils
at 46° and is heavier than water, having the specific gravity
1.29. When pure it has a smell resembling that of chloroform,
but usually contains impurities which give it a very unpleasant
odour. It very easily takes fire in the air, even at 260°, and
burns with a blue flame forming carbon dioxide and sulphur
dioxide. A mixture of its vapour with nitric oxide burns with
a brilliant blue flame and is highly explosive.

Carbon bisulphide 1s formed from its elements with
absorption of heat and can be decomposed by a shock as
already mentioned (p. 293).

Carbon bisulphide is almost insoluble in water; it is an
excellent solvent for rubber and for oils and fats, and is
industrially employed on account of these properties. It also
readily dissolves iodine, forming a beautiful violet-coloured
solution.

Carbon bisulphide corresponds in composition with carbon
dioxide and is capable of combining with metallic sulphides
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to form salts, known as the thiocarbonates which correspond
with the carbonates,—

CS, + Na,S = Na,CS,
CO, + Na,0 = Na,CO,,

SUMMARY

Carbon forms an extremely large number of compounds with hydrogen,
oxygen and nitrogen. In these it acts as a quadrivalent element and each
atom of it is capable of combining with one or more other atoms of
carbon.

Marsh gas is the first member of an homologous series of hydrocarbons,
each of which is derived from the next lower by the substitution of hydrogen
by the univalent methyl group -CH,.

These hydrocarbons form substitution products with chlorine and the
other halogen elements. The monohalogen substitution derivatives can
readily be converted into hydroxy-derivatives of the general formula
R:CHy+-OH, and these pass by oxidation into aldehydes, R-CHO and
acids R-CO-OH,

Carbon unites with nitrogen to form cyanogen, (CN),, which contains
the univalent radical CN, which in its chemical behaviour resembles
chlorine and is present in hydrocyanic acid, HCN, and the cyanides,

Carbon unites with sulphur to form a bisulphide CS;, which corresponds
in composition with carbon dioxide,

ExERcIsEs oN Lesson XXX

1. Explain why the formula CH,- CH,(OH) is given to ethyl alcohol.

2. What is the action of chlorine on marsh gas?

3. How could you obtain acetic acid from marsh gas?

4. Describe the chief properties of formic acid. How can (z) Carbon
monoxide, (#) Carbon dioxide be prepared from it ?

5. Describe the preparation and properties of cyanogen.

6. What is meant by (¢) an homologous series, (#) substitution ?

7. Describe the preparation of hydrocyanic acid from potassium cyanide.
Compare the properties of this acid with those of hydrochloric acid.
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Silicon, 8i, 28.3

THE element silicon does not occur in the free state, although
it enters more largely than any other element, except oxygen,
into the composition of the solid crust of the earth. It always
occurs combined with- oxygen, either in the form of silica
(silicon oxide) or as a silicate of one or more metals,

Silicon Oxide, Silica, SiO,, is found very widely dis-
tributed in the form of sand or sandstone, which consists
almost entirely of particles of silica, more or less coloured by
iron, and often cemented together by calcium carbonate or
some other substance.

Sand has generally been produced by the disintegration of
guartz, which is a crystalline variety of silica and is often
found in well-developed six-sided prisms capped by pyramids
(Fig. 17, p. 134). These crystals are usually transparent, and
in this form quartz is known as rock-crystal, but they are
sometimes coloured by a trace of oxide of manganese, which
gives rise to the amethyst, or by other oxides. Quartz, how-
ever, occurs much more extensively as quartz rock or quartzite,
which is found both alone and mixed with other minerals,
forming rocks such as granite, gneiss, etc. It has a specific
gravity of 2.65, and is very hard,

A second crystalline variety of silica also exists, which is
known as #ridymite ; this crystallises in the asymmetric system,
and is found in porphyry and other similar igneous rocks, This
has the specific gravity 2.3 and is as hard as quartz.
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The existence of these two crystalline varieties shows that
silica, like calcium carbonate, is dimorphous (p. 142).

Silica is also found in the amorphous form, containing
more or less water, as opal and flint. Agate and other
similar stones, which are sometimes used for ornamental
purposes, consist of amorphous silica, mixed with one or
other of the crystalline wvarieties, and coloured by small
amounts of various metallic oxides. The silica has probably
been deposited in these forms from solution in water, in which
it dissolves at a high temperature and under a high pressure,
The different coloured concentric layers of the agate show
that the rate of deposition varied at different times, and
that impurities consisting of metallic oxides were sometimes
present.

Silica also occurs in plants and animals, especially in the
stems of cereals and the feathers of birds, and i1s also found
in a very finely divided state in the form of #ieselguir,
which consists of the skeletons secreted by diatoms. This
material is largely used for making dynamite and filters for
water.

Silica melts in the oxyhydrogen flame or the electric furnace
to a thin glass, which is used for the production of quartz
threads, which can be made extremely fine, and are employed
for procuring a very delicate suspension in galvanometers, etc.
Quartz can also be worked like glass into tubes and vessels of
various forms, which are now frequently used for chemical
purposes. Such vessels are unattacked by aqueous acids and
alkalis. Moreover they withstand great variations of tempera-
ture without cracking, the coefficient of expansion of quartz
being extremely small. Thus a tube of quartz may be safely
heated in the blowpipe and immediately plunged into cold
water,

Quartz has the property of transmitting ultra-violet light
which is totally absorbed by ordinary glass, and it is therefore
often employed in optical work,

Chemical Properties of Silica.—Silica is insoluble in
water, and in all acids except hydrofluoric acid, which readily
converts it into gaseous silicon fluoride (p. 349),—

510, + 4HF =SiF + 2H,0,
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In its chemical properties it belongs to the group of acid-
forming oxides. Thus, finely divided amorphous silica dis-
solves in caustic soda, forming sodium silicate, although quartz
or even strongly ignited amorphous silica is only very slightly
attacked. When silica is fused with sodium carbonate the
latter is decomposed, carbonic acid gas is evolved, and sodium
silicate is produced,—

2Na,CO, + Si0, = Na,SiO, + 2CO,,

EXPERIMENT 145.—Make a bead of sodium carbonate on
a piece of platinum wire. Dip the bead whilst hot into
some sand and heat in the flame — the sand is dis-
solved with effervescence due to the escape of carbon
dioxide.

Sodium silicate, Na SiO,, is soluble in water, so that silica
in all its forms, and even when present as an insoluble silicate,
can be brought into solution by this process, which is much
used in mineral analysis.

When concentrated hydrochloric acid is added to a strong
solution of sodium silicate in water, a gelatinous precipitate of
hydrated silica is formed. This substance does not appear to
be silicic acid, H,SiO, or indeed any definite acid, but contains
a large amount of water, which is gradually lost on drying,
and varies in amount according to the conditions under which
the experiment is carried out. When it is strongly heated,
after having been well washed, pure amorphous silica remains
behind. On the other hand, when a dilute solution of sodium
silicate 1s acidified with hydrochloric acid, no precipitate what-
ever i1s formed, a soluble form of silicic acid being produced.

Crystalloids and Colloids—Dialysis.—This solution
has certain remarkable properties, which differ from those of
a solution of an ordinary acid or crystalline salt, and more
closely resemble those of a solution of glue or gelatine in
water. When the solution is poured into a tube made of
parchment paper, and this is plunged into water, it is found that
only the excess of hydrochloric acid and the sodium chloride
produced by the action of the hydrochloric acid diffuse through
the parchment, whilst the whole of the soluble silicic acid
remains behind. This fact was first discovered by Graham,
who termed substances which refuse to pass through parchment
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in this way colloids, whereas substances which pass through
the parchment are known as crystalloids. The process is
known as dialysis, and the apparatus as a dialyser. This
process requires a considerable time for its completion, and
can be demonstrated by placing the solution In a tube of
parchment, partially immersed in distilled water, which must
be frequently renewed. As soon as the external water gives
no reaction with silver nitrate, the solution of silicic acid may
be removed and caused to coagulate by the addition of sodium
carbonate.

The dialysed solution of silicic acid can be concentrated by
boiling up to a certain point, but sets to a jelly when it is
preserved for several days, or when a trace of sodium carbonate
i1s added. Many other oxides can be obtained in solution by
this process of dialysis, and closely resemble colloidal silica in
their physical properties.

If a solution of silicic acid or a silicate be acidified,
evaporated to dryness, and the residue then gently heated,
moistened with concentrated hydrochloric acid, and finally
treated with water, the whole of the silica remains behind in
the insoluble form.

EXPERIMENT 146.—To a dilute solution of sodium silicate
add dilute hydrochloric acid in excess—no precipitate
occurs. Evaporate to dryness, heat gently on the sand
bath, moisten with three drops of concentrated hydro-
chloric acid, and extract with boiling water—a gelatinous
mass of silica is left.

The Silicates.—Although pure silicic acid has not itself
been prepared, a very large number of silicates are known,
many of which are crystallised minerals. These may be
regarded as derived from acids containing different amounts
of water, corresponding to some extent with the acids of
phosphorus. The number of silicates known is very great, and
only a few of the most important can even be mentioned here.

Sodium Orthosilicate, Na SiO,, and Sodium meta-
silicate, Na,SiO,, are formed when sodium carbonate is fused
with the requisite amounts of silica,—

2Na,CO, + Si0, = Na*SiD* + 2C0,.
Na,CO, + SiO, = Na,SiO, + CO,,
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These salts may be regarded as salts of orthosilicic acid,
H,Si0,, and metasilicic acid, H,SiO,( = H,SiO, — H,0).

Sodium silicate 1s known commercially as soluble glass,
and i1s made by fusing white sand with sodium carbonate. It
1s a brownish or greenish glass-like mass, which forms a thick
solution in water. It is used as an addition to soap and as a
cement.

The following may be taken as examples of naturally
occurring silicates :(—

Wollastonite . : . CaSi0,.

Leucite . ; - . KAI(S10,),.

Talc ; - : . Mg,Hy(510,),.

Potash mica (Muscovite) . KH,Al,(SiO,),.

Clay : ; : . AlS1,0, +2H,0.
Meerschaum . - . Mg,51,0,

Asbestos . : : . (Mg, Ca)SiO,; a portion of

the magnesium is here
replaced by calcium.

Felspar . i : . KAI51,0g; a portion of the
potassium is replaced by
sodium, and if the latter
be in excess the mineral
1s known as albite.

Glass is a fused mixture of the silicates of the alkali metals
with those of calcium or lead. It is amorphous, and is almost
insoluble in water, and only very slightly attacked by acids.
In these respects it differs from its constituents, for sodium
silicate is readily soluble in water, whilst calcium silicate is
easily attacked by acids, and is, moreover, crystalline. Glass,
moreover, has the valuable property of passing through a
viscid stage during cooling, so that it can be moulded or
blown into any desired shape before it becomes hard and
brittle. ~ The chief varjeties of glass are: Window glass,
which is a mixture of the silicates of sodium and calcium ;
Bokemian glass, which is a mixture of the silicates of potassium
and calcium, and is much less fusible than window glass ;
Flint glass, which is a mixture of the silicates of potassium
and lead, and is very fusible and highly refractive.
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Special forms of glass which are only very slightly attacked
by acids and alkalis are made for chemical purposes and are
known as Jena glass and resistance glass. They contain as a
rule a certain amount of boron trioxide and the oxides of
metals such as zinc and barium.

Glass is manufactured by fusing the constituents together
in an earthenware pot. The silica 1s added in the form of
sand or quartz, and with this is mixed carbonate or sulphate
of potassium or sodium, and limestone. Special precautions
have to be taken in making the finer kinds of glass that all
the materials are free from iron, the presence of which results
in the production of a green coloured glass.

When molten glass is allowed to cool quickly it forms a
mass which readily flies to pieces when its surface is scratched.
This is due to the fact that glass is a bad conductor of heat,
and hence the outside of the mass cools long before the
internal portions, and a state of strain is produced.

This is well seen in the so-called Ruperts drops, which
consist of pear-shaped drops of glass which have been suddenly
cooled by water. These are apparently quite stable, but fly to
powder if the point be broken. All articles made of glass are
therefore subjected to a process known as annealing, which
consists in allowing them to cool very slowly, and prevents the
unequal cooling of the different layers.

Porcelain consists of an infusible mass of aluminium
silicate, which is penetrated and covered by a fusible glaze.
Kaolin, or pure aluminium silicate, Al,Si,0. + 2H,0, is made
into a paste with water, worked into the required shape and
then dried and baked. It is then covered with the material
of the fusible glaze, which usually consists of felspar or a
mixture of quartz and lime or gypsum; and the whole is
strongly heated, so that the glaze melts and penetrates the
entire mass of the porcelain.

Silicon itself is not easy to prepare in the pure state, since
its compounds which occur in nature are all very stable, and
hence are difficult to decompose.

It may be obtained by heating potassium fluosilicate with
metallic potassium in an iron tube,—

K,SiF; + 4K = 6KF + Si.
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Impure silicon can readily be obtained by heating dried
white sand with one-fourth of its weight of magnesium powder
in a wide test-tube. This 1s best carried out by filling the
test-tube to about half of its length with the mixture, support-
ing it in a slanting position in a clamp, and heating gradually
from the top downwards, If heated too suddenly the action
becomes almost explosive. The mass glows brightly when the
reduction occurs, and after cooling is treated with dilute
sulphuric acid to remove magnesia and unaltered magnesium,
etc., and is then washed and dried.

Amorphous silicon is a brown powder which readily burns
in the air to form silica,—

Si + 0, =Si0,,.

It is insoluble in acids, with the exception of hydrofluoric
acid, but dissolves in boiling alkalis, and combines with
fluorine, chlorine, bromine, and iodine. Like boron it also
exists in a crystalline form, which is obtained by heating the
amorphous powder in a covered crucible with aluminium or
zinc, and dissolving out the metal with dilute hydrochloric
acid. It is prepared on the large scale by heating silica with
the requisite amount of carbon in the electric furnace and
forms lumps of metallic appearance, whereas small crystals are
yellow coloured and transparent. It is used as a deoxidiser
for castings of steel or bronze. Like boron, silicon has a very
low atomic heat, which, however, increases with the temperature
at which it 1s determined (p. 130).

Atomic Weight of Silicon and Formulse of the
Silicon Compounds.—The equivalent of silicon has been
determined by decomposing the bromide with water, and
estimating the amounts of silica and hydrobromic acid pro-
duced, and it has thus been found that in silicon bromide 7.075
parts of silicon are united with 79.92 of bromine, and are
therefore equivalent to 1,008 of hydrogen.

The atomic weight has been settled, precisely as in the case
of boron, by a comparison of the molecular weights and com-
position of the numerous volatile compounds of the element,
and 1s about 28,

Hence 7.075 x 4=28.3 is taken as the correct atomic
weight.
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The bromide therefore has the formula SiBr,, the atom of
silicon being in this case quadrivalent.

Silicon Hydride, SiH, — Silicon forms two remark-
able compounds with hydrogen—a gas, SiH,, and a liquid
Si,H,, When white sand is heated with an excess of
magnesium powder, the silicon unites with magnesium to
form a silicide of magnesium, and when this is treated
with dilute hydrochloric acid silicon hydride is evolved,
This gas, like phosphine, as ordinarily prepared, is spontane-
ously inflammable in the air, and burns, forming white clouds
of silica,—

SiH, +20,==5i0, 4+ 2H,0.

The pure gas is not spontaneously inflammable, but takes
fire very readily, and decomposes when heated, yielding an
opaque mirror of silicon and two volumes of hydrogen. The
formation of this gas may be demonstrated by heating sand
with 1.5 part of magnesium, as described above (p. 348), and
adding the cold product in small portions to hydrochloric acid.
Hydrogen mixed with silicon hydride is evolved, and the
bubbles take fire at the surface of the liquid.

Silicon also combines with many other metals forming
stlicides, which are decomposed by water or acids in a similar
manner to the magnesium compound.

Silicon Fluoride, SiF,.—Silicon takes fire when exposed
to fluorine, forming the tetrafluoride, and this gas is formed
whenever hydrofluoric acid acts on silica, the etching of glass
by hydrofluoric acid being due to the formation of this com-
pound. Silica is removed from the glass, and its transparency
thus destroyed. It is prepared by heating sand and calcium
fluoride with sulphuric acid in a flask,—

2CaF, + SiO, + 2H,S0, = 2CaSO, + SiF, + 2H,0.

The gas is colourless and fumes in the air, and is at once
decomposed by water with formation of gelatinous silica and
hydrofluosilicic acid, H,SiF ,—

3SiF, + 2H,0 = Si0, + 2H,SiF

This method serves for the preparation of amorphous silica.
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Hydrofluosilicic acid forms a very sparingly soluble potassium
salt, and is sometimes used in analytical work for the estima-
tion of potassium.

The properties of silicon fluoride can be demonstrated by
placing in a flask a mixture of powdered calcium fluoride with
half its weight of sand, adding sufficient sulphuric acid to make
the whole into a paste, mixing well and heating gently. The
delivery tube of the flask dips into mercury placed in a cylinder,
which is then partially filled with water. This arrangement
prevents the tube being choked by the gelatinous silica formed
by the action of water on the gas.

Silicon Chloride, SiCl,, and Silicon Bromide, SiBr,,
are prepared by passing chlorine or bromine over heated
silicon, but may also be obtained by heating a mixture of
silica and carbon in a current of chlorine or bromine,—

$i0, + 2C + 2Cl, =SiCl, + 2CO.

They are both colourless fuming liquids, which are at once
decomposed by water,—

SiBr, + 2H,0 = SiO, + 4HBr.

Silicon Carbide, 8iC, is prepared by heating sand with
coke in the electric furnace,—

510, + 3C =Si1C + 2CO.

This substance crystallises in needles, which are colourless
when pure, but are usually blue and iridescent. It is extremely
hard, and 1s largely used for cutting and polishing purposes
under the name of carborundum.

Detection of Silicic Aecid.—Silica or silicic acid is
detected by fusing the substance with sodium carbonate, and
treating the resulting silicate with hydrochloric acid as de-
scribed above. The gelatinous silica left causes effervescence
when it is introduced into a bead of fused sodium carbonate,
but does not dissolve in a bead of microcosmic salt.

Another test for the presence of silica is to heat the sub-
stance with calcium fluoride and concentrated sulphuric acid
in a test-tube. If the gas evolved produces a white film on a
drop of water held in it on the end of a glass rod, silica is
present,
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SUMMARY

Silicon exists both as a brown amorphous powder and as shining
crystals of metallic appearance. It burns when heated in the air, form-
ing silicon dioxide or silica, SiO,, which is an acid-forming oxide, and is
difficult to reduce.

The silicates are very numerous and often very complicated in com-
position. The simplest are the orthosilicates, R SiO,;, and the meta-
silicates, R,Si0,, but the acids from which these are derived have not
been obtained pure.

Silica is acted on by hydrofluoric acid, gaseous silicon fluoride, SiF,,
being formed, and this is decomposed by water, yielding gelatinous silica
and hydrofluosilicic acid. The chloride, SiCl, and the bromide, SiBry,
are fuming liquids and are decomposed by water,

A soluble colloidal form of silica (or silicic acid) can be obtained by
dialysing a dilute solution of sodium silicate to which hydrochloric acid
has been added. Substances which diffuse through parchment paper are
called crystalloids, those which do not are termed colloids.

Silicon forms an unstable volatile hydride, SiH,.

Tin, Sn (Stannum), 119

Tin was one of the seven metals of the ancients and was
associated with the planet Jupiter. The only important com-
pound of this element which occurs largely in nature is the
oxide, or Zin-stone, SnO,, and this is found in Cornwall,
Austria, the i1sland of Banca, the Malay Peninsula, and New
South Wales.

Metallurgy of Tin.—The oxide is readily reduced when
it is heated with carbon, and hence the manufacture of the
metal can readily be carried out by simply heating the roasted
ore with anthracite,—

SnO, + 2C = Sn + 2CO.

The ore usually occurs mixed with iron pyrites and arsenical
pyrites, and on this account the roasting is carried out with
great care in order to remove as much as possible of the
arsenic and sulphur, the arsenious oxide being condensed in
chambers. The roasted ore i1s then mixed with anthracite,
and heated on the bed of a reverberatory furnace, the metal
being run off into moulds.

Properties of Metallic Tin.—Tin is a white, lustrous
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metal, which has the specific gravity 7.3, and melts at 232°.
It is crystalline in structure, and when it is bent emits a curious
crackling sound, called the ‘“cry of tin,” this being due to
the friction of the crystalline particles. The metal can be
hammered or rolled into foil, but is too brittle for use as
wire,

Tin, like sulphur, exists in two allotropic forms, gne of which
is only stable above 20° and the other below this temperature.
Crystalline tin, therefore, at the ordinary temperature is really
unstable, like the monosymmetric crystals of sulphur, and, like
them but much more slowly, passes spontaneously into the
second form, breaking up into a grey powder. The change
takes place mostrapidly at a low temperature, and like
crystallisation, can be started by bringing the crystalline tin
into contact with some of the powder.

Tin does not easily tarnish in the air, but when the molten
metal is heated'in the air it slowly takes up oxygen, finally
forming the dioxide, SnO,. Tin dissolves rapidly in con-
centrated hydrochloric acid, with evolution of hydrogen, and
formation of the dichloride, SnCl,,—

Sn + 2HCl = H, + 5nCl,,

It is not acted on by dilute sulphuric acid, but dissolves in
the concentrated acid, sulphur dioxide being evolved. Nitric
acid converts the metal into a white powder, which is a
hydrated form of stannic oxide, a copious evolution of brown
fumes taking place. The metal also dissolves in aqua regia,
forming the tetrachloride, SnCl,, and is slowly dissolved by
alkalis.

EXPERIMENT 147.—Examine the behaviour of granulated

tin to hydrochloric, nitric, and sulphuric acids.

Tin is largely used on account of its unalterability in the
air for tinning iron, an operation which is carried out by
dipping the clean hot iron into a bath of molten tin, a protect-
ing layer of the metal being thus produced.

Alloys of Tin.—The alloys of tin are of great value, the
most important being gun metal, bell metal, bronze, and solder,
which have the composition shown in the following list :—
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Tin. 1 Lead. Copper. Zinc, | Antimony.
Britanma Metal 82 2 16
Gun Metal S 8 92
Bell Metal . 18 82
Bronze . : 9.2 it 88.8 1.3
Solder . , 50 50

Equivalent and Atomic Weight of Tin,—Tin, like
copper and mercury, forms two distinct series of salts, known
as the stannous and the stannic salts.

The exact equivalent of tin in the stannic compounds has
been determined by converting the metal into oxide, and by
analysing the chloride, and has thus been found to be 29.75.
The atomic weight is found by the atomic heat method, and
by a study of the numerous volatile compounds of the element
to be about 118, and hence 29.75 x 4=119 is taken as the
atomic weight of the element.

It follows from this that in the stannic compounds each
atom of tin replaces four atoms of hydrogen, and since the
equivalent in the stannous compounds is 59.5, exactly double
that which the metal has in the stannic compounds, it is seen
that each atom of tin replaces two atoms of hydrogen in the
stannous salts.

Stannous. Stannic.
Oxide . : 5 En0 SI‘JNCh_a
Chloride . ; . 5nCl, SnCl,.

The stannic compounds correspond in composition with
the compounds of silicon, whereas the stannous compounds
correspond with the cupric and mercuric compounds.

Compounds of Tin

The same general relations hold between the two series of
tin salts as between the cuprous and cupric or mercurous and

2 A
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mercuric salts, In presence of an excess of metal the stannous
salts are formed, whilst in presence of an excess of a halogen
element or any other oxidising agent, stannic salts are pro-
duced. The stannous salts very readily undergo oxidation
and therefore act as reducing agents, whereas the stannic
salts act as mild oxidising agents. This is well illustrated by
the action of the chlorides of tin on different substances.

1. Stannous chloride readily reduces mercuric salts first to
mercurous salts and then to metallic mercury,—

SnCl, + 2HgCl, = 5nCl, + 2HgCL
SnCl, + 2HgCl=5nCl, + 2Hg.

2. Stannous chloride reduces cupric and ferric salts to the
corresponding cuprous and ferrous salts,—

SnCl, + 2(31;.(3‘52 = SnC14 + CuEClﬂ.
SnClE Tt zlﬁea-iiil3 = SnC14 + zFeCIE.

3. Stannous chloride reduces iodine to hydriodic acid,—
SnCl, + 2HCl 4 I, =SnCl, + 2HIL.

4. When it is treated with concentrated nitric acid, stannous
chloride is converted into stannic chloride, and the nitric acid
is reduced—oxides of nitrogen being evolved,—

35nCl, + 6HCl + 2ZHNO,= 35nCl, + 2NO + 4H,0.

5. Stannic chloride is converted by boiling with metallic
copper into stannous chloride,—

SnCl, + 2Cu = SnCl, + Cu,Cl,.

EXPERIMENT 148.—1. To a solution of mercuric chloride
add a few drops of stannous chloride—a white precipitate
of mercurous chloride is formed. Now add excess of
stannous chloride and warm -—a gray precipitate of
metallic mercury is produced.

2. To a saturated solution of cupric sulphate add hydro-
chloric acid and a solution of stannous chloride, and
warm—the green colour of the solution disappears and
cuprous chloride is precipitated.

3. To a solution of stannous chloride add ferric chloride
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solution drop by drop—the yellow colour of the ferric
salt at first disappears, but finally remains even after
warming. To this solution add mercuric chloride—no
precipitate is produced, the whole of the stannous salt
having been converted into stannic salt.

4. To a solution of iodine in potassium iodide add stannous
chloride solution—the yellow colour of the iodine at
once disappears.

5. To a solution of stannous chloride add concentrated
nitric acid and warm—Dbrown fumes are evolved.

6. Boil a solution of stannic chloride with copper turnings,
pour off the solution and add mercuric chloride solution
—a white precipitate of mercurous chloride is formed.

The Stanniec Compounds

Stannic Oxide, SnO,, occurs as lnstone or cassiterite in
square prisms capped by pyramids, as well as in large masses.
The oxide is best prepared by -treating tin with nitric’ acid
and heating the residue ; it then forms a white powder, which
becomes brown at a high temperature, but regains its former
appearance on cooling.

This oxide resembles silica very closely in its properties.
Thus it is insoluble in hydrochloric and nitric acids, but can
be brought into solution by fusion with sodium carbonate,
sodium stannate, Na,SnO,, corresponding in composition with
sodium metasilicate, Na,510,, being produced,—

I\TH._,.;EIC};j + SI'HDj = I"s'Is.ESnD3 + CDE.

This salt yields a gelatinous precipitate with hydrochloric
acid, which, however, like gelatinous silica, cannot be regarded
as a definite hydrate. The same gelatinous mass is obtained
by adding an alkali to stannic chloride,—

Na,SnO, + 2HCl = 2NaCl + SnO, + H,0.
SnCl, + 4NaOH = 4NaCl + SnO, + 2H,0,

A soluble colloidal form is also produced when a mixture

of sodium stannate and hydrochloric acid, or of stannic chloride
and caustic soda is dialysed.
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—

The gelatinous oxide dissolves in alkalis, forming the
stannates, which are soluble in water and are used as mordants
in calico printing.

EXPERIMENT 149.—1. To a solution of stannic chloride
add caustic soda solution—a gelatinous precipitate is pro-
duced which dissolves in excess of caustic soda.

2. To a solution of sodium stannate add hydrechloric acid
—a gelatinous precipitate is produced. Filter off a
portion of this, dry it in the air, and heat a part of
it on a bead of sodium carbonate—effervescence occurs,
just as in the case of silica (p. 344).

Metastannic Acid.—The white powder formed by the
action of nitric acid on the metal is also a hydrated stannic
oxide, and is known as metastannic acid. It does not dis-
solve in acids, but dissolves in alkalis, forming salts of com-"
plex composition known as the metastannates, such as sodium
metastannate, Na,Sn,O,,, which differ in composition from
the stannates. The prefix meta- 1s here used in a different
sense from that which it bears in such names as metaphosphoric
acid, etc.

Stannic Chloride, SnCl,, is prepared by passing chlorine
into melted tin, and is a colourless fuming liquid, which boeils
at 114" and produces a colourless vapour which has the
normal density, It forms several crystalline hydrates with
water, but deccmposes when its solution is boiled, gelatinous
stannic oxide being precipitated. The chloride is largely used
as a mordant in dyeing, and is often prepared for this purpose
by the action of nitric acid on stannous chloride.

Stannic Fluoride, SnF',, is formed in solution by the
action of hydrofluoric acid on stannic oxide, and unites with
potassium fluoride to form potassium stannofluoride, K,SnF,
which is isomorphous with potassium silicofluoride, K,SiF_,
with which it corresponds in composition (p. 349).

Stannic Sulphide, SnS,, is best prepared by heating tin
filings with sulphur and ammonium chloride ; the sulphide
then sublimes in golden yellow scales. It is known, from its
appearance, as mosaic gold, and is used for bronzing various
articles. It is also formed as a yellow precipitate when sul-
phuretted hydrogen is passed into a solution of stannic chloride.
Like the sulphides of arsenic and antimony it dissolves readily
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in ammonium sulphide, forming thiostannates, which are again
decomposed by acids,—

SnS, + (NH,),S = (NH,),SnS,.

EXPERIMENT 150.— Pass sulphuretted hydrogen into a
warm acid solution of stannic chloride—a yellow pre-
cipitate of the sulphide is slowly formed. This dissolves
in ammonium sulphide and is reprecipitated when an
excess of hydrochloric acid i1s added.

The Stannous Compounds

Stannous Hydroxide, Sn(OH),, is precipitated as an
amorphous white mass when an alkali i1s added to a solution
of stannous chloride. In its behaviour towards acids and
alkalis it closely resembles aluminium hydroxide, for like the
latter it readily dissolves in acids, and is also soluble in caustic
soda, but not in ammonia.

It absorbs oxygen from the air, but when it is carefully
dried in a current of carbonic acid gas it yields stannous
oxide, SnO, as a black powder, which burns when heated in
the air, forming stannic oxide.

EXPERIMENT 151.—To a solution of stannous chloride add
caustic soda drop by drop—a white precipitate of the
hydroxide is produced which dissolves in excess of
caustic soda, and is also soluble in hydrochloric acid.

Stannous Chloride, SnCl,, is prepared by dissolving tin
in hydrochloric acid and evaporating the solution, It crystal-
lises in prisms containing two molecules of water, and these
dissolve in a small quantity of water to form a clear solution,
but when a large amount of water is added, a dasic chloride,
Sn(OH)CI, is precipitated, soluble in hydrochloric acid.

The solution absorbs oxygen from the air, the stannous
chloride being converted into stannic chloride if free hydro-
chloric be present, whilst, in the absence of acid, stannous
hydroxide is precipitated, which gradually passes into stannic
hydroxide.

EXPERIMENT 152.—Dissolve 10 grams. of granulated tin

in warm concentrated hydrochloric acid (about 40 cc.),



358 THE ELEMENTS OF THE CARBON GROUP LESSON XXXI

taking care that some metallic tin is left undissolved ;
evaporate to small bulk in the presence of the tin, allow
to settle, and pour off the clear liquid. On standing,
large transparent prisms of stannous chloride separate
out.

Stannous chloride boils at 606°, and forms a vapour which
at high temperatures has the density 95, corresponding
with the molecular weight 190 and the formula SnCl,.
Stannous chloride is much used for the preparation of stannic
chloride, as already described.

The reducing action of stannous chloride has already been
sufficiently illustrated. The chloride combines with enough
chlorine to convert it into stannic chloride, and this chlorine is
derived either directly from the substance which is undergoing
reduction, as 1n the case of mercuric chloride, or else from
hydrochloric acid, the hydrogen of which acts as the direct
reducing substance, as in the cases of iodine and nitric acid.

Stannous Nitrate, Sn(NO,),, is formed by the action of
very dilute nitric acid on metallic tin.

Stannous Sulphide, SnS, is formed as a dark coloured
mass when the requisite amounts of tin and sulphur are fused
together., When sulphuretted hydrogen is passed into an
acid solution of stannous chloride a brown precipitate of the
sulphide is formed, which is insoluble in hydrochloric acid.
This precipitate is insoluble in colourless ammonium sulphide.
but dissolves in the yellow sulphide which contains excess of
sulphur. The stannous sulphide 1s converted by the sulphur
into stannic sulphide, and this then dissolves in the usual way,
forming a thiostannate.

Hence when acids are added to the solution of the brown
sulphide in yellow ammonium sulphide, the yellow stannic
sulphide is precipitated.

EXPERIMENT 153. — Pass sulphuretted hydrogen into
stannous chloride solution and filter off the brown pre-
cipitate which is produced. Test the action of colour-
less and yellow solutions of ammonium sulphide on this.
To the solution in yellow ammonium sulphide add hydro-
chloric acid—yellow stannic sulphide is precipitated.

Detection of Tin.—The tin compounds are all reduced
to the metal when they are heated on charcoal with a reducing
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agent, such as a mixture of potassium cyanide and sodium
carbonate. They do not colour the flame, or a borax bead,
but when added to a bead coloured blue by a copper salt,
change the colour to red.

The soluble salts of tin are detected by the characteristic
sulphides and the action of stannous chloride on the mercuric
salts.

SUMMARY

Tin is a white metal which slowly oxidises when heated in the air, and
dissolves readily in hydrochloric acid, whilst nitric acid converts it into
hydrated stannic oxide. The metal can easily be obtained by the reduc-
tion of its oxides.

Tin forms two series of salts, the stannic salts, in which it is quadrivalent,
and the stannous salts, in which it is bivalent.

The stannic salts correspond in composition with the derivatives of
carbon and silicon. The oxide is acid-forming, and the chloride is a
fuming liquid.

The stannous salts are strong reducing agents and readily pass into
the corresponding stannic salts, The chloride is formed when the metal
dissolves in hydrochloric acid, and is a ecrystalline salt. The oxide has
basic properties, but also acts towards strong bases as an acid-forming
oxide,

EXERCISES ON LEssoN XXXI

1. In what forms does silica occur in nature ?

2. Describe the preparation of pure amorphous silica from quartz.

3. What occurs when silica is fused with sodium carbonate? Give an
account of the properties of sodium silicate.

4. What is meant by the terms dialysis, crystalloid, colloid ?

5. What is the composition of the following substances: porcelain,
flint glass, felspar, meerschaum, asbestos ?

6. Describe the preparation and properties of silicon fluoride and
silicon chloride,

7. How is metallic tin obtained from its ores, and what are the chief
physical properties of the metal ?

8. Compare the stannic compounds with those of silicon.

g. Give instances of the action of stannous compounds as reducing
agents, and point out the chemical changes which occur in these reactions.

10. How can the following substances be prepared from stannous
chloride : stannic chloride, stannous oxide, stannic sulphide ?

11. How would you attempt to prepare pure stannous chloride from
bell-metal ?

1z. How much metallic mercury could be obtained from mercuric
chloride by the action of 5o grams. of pure stannous chloride ?

13. What reasons have we for supposing that tin is quadrivalent in the
stannic compounds and bivalent in the stannous compounds ?
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THE ELEMENTS OF THE CARBON GROUP (Cont.)

Lead, Pb, 207.1

LEAD, like tin, was well known to the ancients and was
associated with the planet Saturn. The Latin name for the
metal 1s pluemibien, whence the symbol Pb is derived.

This metal is scarcely ever found in the free state, but
usually occurs as the sulphide or galema, PbS, from which
most of the lead of commerce is derived. - It is also found in
a number of other minerals, the most important of which are
the carbonate, cerussite, PbCO,, and the sulphate, anglesite,
PbSO,.

Properties of Metallic Lead.—Lead has a characteristic
bluish colour, and 1s so soft that it can readily be cut with a
knife. It has a specific gravity of 11.3, and 1s therefore by
no means the heaviest of the metals, although the idea of
great density is commonly associated with it. It melts at
328° and only boils at the temperature of the oxyhydrogen
flame.

When it is heated in the air it is slowly converted into the
monoxide or litharge, PbO. The metal is not dissolved by
hydrochloric or sulphuric acid but readily dissolves in nitric
acid, lead nitrate being formed and oxides of nitrogen evolved.
Lead also readily combines with chlorine and sulphur when
heated with them. '

EXPERIMENT 154.—Examine the action of hydrochloric,

nitric, and sulphuric acids on metallic lead.

Lead is readily precipitated from a solution of the nitrate
by metallic zinc, and separates out in long leaf-like crystals.
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When the zinc is suspended in the solution the mass of crystals
obtained i1s known as the lead tree,

EXPERIMENT 155.—Dissolve 5 grams. of lead nitrate in
100 cc. of water; place the solution in a cylinder or
narrow beaker, and suspend in it near the top by means
of cotton thread a piece of granulated zinc—crystals
of lead are slowly formed around the zinc.

Lead is largely used in the form of sheet-lead and lead
piping, since it is pliable and resists the action of water and
acids. The metal enters into the composition of a large
number of alloys, the composition of some of which i1s shown

in the following list— a
Lead. Tin. Antimony.
Solder . ; hna 50
Pewter . ; s Ue20 8o
Type metal |, R 25 25

The Atomic Weight of Lead.—The equivalent of lead
was determined by Stas, who converted the metal into the
nitrate by simply dissolving it in strong nitric acid, and then
evaporating, drying and weighing the salt obtained. By this
method it has been found that 1 part of lead yields 1.5988
part of lead nitrate. Now all the metallic nitrates are formed
from nitric acid by the replacement of hydrogen, and we
further know that 63.018 parts of nitric acid contain 1.008
part of hydrogen and 62.o01 parts of nitrogen and oxygen.
Hence, to obtain the equivalent of lead all that is necessary is
to calculate how much lead unites with 62.01 parts of nitrogen
and oxygen to form the nitrate,

0.5988 part of nitrogen and oxygen unite with 1 part of lead,
I

hence 1 part 2 3 » 0.5088 »
5
1 X620I1
and 62.01 parts ,, £ 3 —{}"5‘53?= I103.55

The atomic weight of lead has been settled in a precisely
similar manner to that of tin, and has been found to be about
207, and hence 2 x 103.55 = 207.1 is taken as the exact atomic
weight.
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We thus learn that an atom of lead replaces two atoms of
hydrogen, so that the formula of the nitrate is Ph(NO,).,

Lead, like tin, forms two series of compounds, in one of
which it replaces two atoms of hydrogen, and in the other four.
This latter series comprises the dioxide, PbO,, which has very
feeble acid-forming and almost equally feeble basic properties,
and a few unstable salts, such as the tetrachloride, PbCl,. The
lower series consists of a basic oxide, PbO, a chloride, PbCl,
and a whole series of salts which are stable, and do not act
as reducing agents like the stannous salts, with which they
correspond in composition.

In addition to these lead also férms the oxides Pb,0, Pb,0,,
and Pb,0,, which do not yield salts of corresponding composition.

Metallurgy of Lead.—The smelting of lead is carried out
in no less than three different ways. The simplest of these is
the English process, which depends on the fact that when
lead sulphide is heated with the necessary proportion of the
oxide or sulphate, the oxygen of these compounds combines
with the sulphur of the sulphide to form sulphur dioxide, which
escapes, and metallic lead is left,—

2PbO + PbS = 3Pb + SO,
PbSO, + PbS = 2Pb + 250,

The ore, consisting mainly of galena, PbS, is therefore first
roasted on the bed of a reverberatory furnace (B, Fig. 48),
until the requisite quantities of the oxide and sulphate have
been formed by the oxidation of the material. The tempera-
ture is then raised, so that the decomposition of the sulphide
by the oxide and sulphate may take place and the molten lead
is run off.

In order to refine the crude metal thus obtained, it is re-
melted, and the impurities which separate and the oxide
formed on the surface are removed.

A second process for the production of lead consists in
roasting the ore until it is converted into oxide, and then
reducing this by means of carbon in a blast furnace, the con-
struction of which somewhat resembles that of the blast furnace
used in the manufacture of cast-iron (p. 375).

In some cases the sulphide is decomposed by the addition of

e ok e i s i i, i .

|
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metallic iron, which combines with the sulphur, but this process
1s usually employed in conjunction with one of the foregoing.

Separation of Silver from Crude Lead.—Much of the
lead obtained by smelting galena contains a small amount of
silver, which is derived from silver sulphide contained in the
galena, and cannot be economically extracted by cupellation
(p. 277). Two different methods are used for the extraction
of this small amount of silver.

1. The process of Parkes depends on the fact that when

Fig. 48

lead containing silver is melted with zinc, nearly the whole of
the silver dissolves in the zinc, which also takes up about 1.2
per cent of its weight of lead, forming an alloy which is in-
soluble in metallic lead and floats on the surface as a scum.
This alloy, which is rich in silver, is removed and the silver
extracted from it, whilst the residual lead, which only contains
a small amount of dissolved zinc, is freed from this by partial
oxidation and then brought into the market.

2. Pattinson’s Process.—When molten lead containing
a small amount of silver is allowed to cool slowly it behaves in
the same manner as a dilute solution of a salt in water (p. 16).
Just as the latter first deposits ice, so the alloy of lead and
silver first deposits crystals of pure lead. These are removed
from the mass by perforated ladles, and the residue is thus
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left considerably richer in silver. This process is repeated
systematically, and the rich lead which is finally left is cupelled.

The Compounds of Lead

Lead Monoxide, Litharge, PbO, is formed, as already
mentioned, when the metal is heated in the air. It is a yellow
scaly mass, which undergoes further oxidation when heated to
redness in the air, red lead, Pb,O,, being formed. Litharge
is readily reduced to metallic lead when it is heated in
hydrogen or with carbon, and dissolves in nitric acid, forming
the nitrate.

[t 1s largely used in the manufacture of flint glass, as well
as for the production of the other salts of lead.

Lead Hydroxide, Pb(OH),, is precipitated as a white
mass when caustic soda is added to a solution of lead nitrate,
and dissolves in excess of the alkali, so that it possesses slight
acid properties. It, however, turns red litmus blue and readily
dissolves in acids, forming salts.

EXPERIMENT 156.—To a solution of lead nitrate add
caustic soda solution drop by drop—a white precipitate
is formed, which redissolves in excess of caustic soda,
and is also soluble in nitric acid.

Most of the salts of lead are either insoluble or only slightly
soluble in water, the two most important exceptions being the
nitrate and the acetate, or sugar of lead, so that when a solution
of a lead salt is spoken of, one or other of these is almost
always meant.

Lead Nitrate, Pb(NO,), is prepared by dissolving
litharge in nitric acid, evaporating, and allowing the salt to
separate out. It crystallises in milk-white anhydrous octahedra,
and is freely soluble in water, 100 parts of which dissolve 44.4
parts of the salt at 10°. When it is heated gently it yields
red lead, Pb,O,.

EXPERIMENT 157.—Dissolve 5 grams. of litharge in dilute
nitric acid, filter, evaporate to small bulk, and allow to
cool. Lead nitrate crystallises out in octahedra, often
resembling in shape the distorted crystals formed by
alum. o

Lead Acetate, Sugar of Lead, Pb(C,H,0,), + 3H,0,
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so called from its sweet taste, is prepared by dissolving litharge
in acetic acid, and crystallises in prisms, which are soluble in
1.5 part of water. ;

Lead Chloride, PbCl,, Lead Bromide, PbBr, and
Lead Iodide, Pbl,, are all soluble in hot water, but only
sparingly soluble in cold water. They are prepared by pre-
cipitating lead nitrate with the corresponding acid or its sodium
or potassium salt, filtering and recrystallising from hot water,—

Pb(NO,), + 2KI = Pbl, + 2KNO,.

The chloride and bromide are white and crystallise in
needles, whilst the iodide separates from hot water in beautiful
golden spangles.

EXPERIMENT 158.—Dissolve 1 gram. of lead nitrate in
water, add potassium 1odide solution until no further
precipitate is produced, filter and wash with cold water.
Recrystallise a portion of the product from boiling
water.

Lead Sulphide, PbS, occurs as the mineral galena ; it is
formed when lead is heated in sulphur vapour, and when
sulphuretted hydrogen 1s passed into a solution of a lead salt.
It is insoluble in hydrochloric acid and ammonium sulphide, but
dissolves in hot dilute nitric acid, forming lead nitrate, whilst
concentrated nitric acid converts part of it into the white
insoluble sulphate, and part into lead nitrate. The pre-
cipitated sulphide i1s readily converted into the white sulphate
by hydrogen peroxide,—

4H,0, + PbS = 4H,0 + PbSO,.

EXPERIMENT 159.— Pass sulphuretted hydrogen into lead
nitrate solution, and treat separate portions of the
washed precipitate with (2) dilute nitric acid, () con-
centrated nitric acid, (¢) hydrogen peroxide.

A piece of paper soaked in lead nitrate or lead acetate
solution is often used to test for the presence of sulphuretted
hydrogen, since very small quantities of this gas suffice to
produce a brown stain on the paper.

When sulphuretted hydrogen is slowly passed into an
acid solution of lead chloride, a red precipitate is formed.
This 1s a compound of lead sulphide with lead chloride, and
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is analogous to the white compound formed by mercuric
chloride under similar circumstances.

Lead Sulphate, PbSO,, is a white powder which is pre-
cipitated when sulphuric acid or a sulphate 1s added to a
solution of a lead salt. It is almost insoluble in water, requir-
ing no less than 21,739 parts for solution, but it dissolves
easily in caustic soda solution, and is also soluble in con-
centrated sulphuric or hydrochloric acid.

The natural sulphate, known as anglesite, is isomorphous
with barium sulphate. The sulphate is used to some extent
as a white paint, but is not so satisfactory as white lead.

EXPERIMENT 160.—To a solution of lead nitrate add dilute

sulphuric acid. Show that the precipitate is soluble in
caustic soda and in hydrochloric acid.

Lead Carbonate, PbCO,, occurs as cerrussite, which is
isomorphous with arragonite. It is formed when ammonium
carbonate is added to a solution of lead nitrate, and is slowly
soluble in water containing carbonic acid in solution. The
basic carbonate, 2PbCO, + Pb(OH),, is known as white
lead, and is very largely used as a white paint, since it is very
dense and opaque. It is made by a variety of methods, the
simplest of which consists in grinding litharge with water and
sodium bicarbonate.

The Dutch process, which yields white lead of an excellent
quality, is carried out by placing spirals of sheet-lead in pots,
at the bottom of which is vinegar, and allowing the whole to
stand for four or five weeks covered with tan or dung. The
vinegar evaporates and attacks the lead, forming a basic acetate,
which is converted into white lead by the carbonic acid evolved
from the decaying tan, etc. The acetic acid thus liberated
attacks a fresh portion of the lead, and this series of changes
1s repeated until the whole of the metal has been converted
into white lead.

Red Lead, Pb,O, is formed when litharge is heated in
the air, and also when the carbonate or nitrate 1s gently heated.
It is a heavy, red crystalline powder, and loses oxygen when it
is strongly heated,—

2Pb,0, = 6PbO + O,

Red lead is an instance of an oxide which is neither basic
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nor acid-forming, and in fact yields no corresponding series of
salts. In many respects it behaves as a mixture or compound
of lead dioxide and litharge, 2PbO + PbO, ; thus when it is
treated with nitric acid, the lead dioxide is left behind and lead
nitrate formed by the action of the acid on the litharge,—

Pb,O, + 4HNO, = PbO, + 2Pb(NO,), + 2H,0.

EXPERIMENT 161.—1. Heat 0.5 gram. of red lead in a
test-tube—oxygen is evolved (test by splint).

2. To 10 grams. of red lead add 10 cc. of water and 10 cc.
of concentrated nitric acid. Filter and evaporate the
filtrate—lead nitrate crystallises out. Wash the brown
residue with cold water, dry in the air, and use for the
experiments on lead dioxide.

Lead Dioxide or Lead Peroxide, PbO,, 1s most easily
prepared by the reaction just mentioned, and is also formed
when a lead salt i1s heated with a solution of bleaching powder.
It is a heavy brown or puce-coloured powder, and decomposes
when it is heated, forming litharge and oxygen,—

2Pb0O, =3Pb0 + O,.

It also acts as a powerful oxidising agent.

Lead dioxide does not yield hydrogen peroxide when treated
with acids, and hence it differs from barium peroxide, BaO,, in
this respect.

Hydrochloric acid is at once oxidised, chlorine being
evolved and lead chloride formed,—

PbO, + 4HCl = PbCl, + 2H,0 + Cl,,.

This reaction with hydrochloric acid is given by the higher
oxides of many metals, and is used for estimating them.,
(See chromium and manganese.)

EXPERIMENT 162.—1. Heat a small quantity of lead
dioxide in a test-tube—oxygen is evolved and a residue
of litharge left.

2. Heat some lead dioxide with hydrochloric acid—chlorine
is evolved and lead chloride formed.

Lead dioxide is used in accumulators or secondary batteries,

which can be charged by the current produced by a dynamo,
and then serve to generate a current for a considerable time,
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after which they can again be charged. These contain lead
plates, immersed in dilute sulphuric acid, and one of the plates
is coated with lead peroxide. 'When the plates are connected
by a wire a current is produced, during the passage of which
the lead peroxide is reduced to litharge, whilst the surface
of the other lead plate becomes oxidised to litharge. During
recharging, the litharge on one plate is oxidised to the dioxide,
whilst that on the other is reduced to metallic lead.

Lead peroxide possesses both acid-forming and basic pro-
perties, although only to a slight extent. Thus when it is
fused with caustic potash, an unstable soluble salt, known as
potassium plumbate, K,PbO,, is formed, which loses oxygen
when it is heated. On the other hand, when the dioxide is
dissolved in well-cooled hydrochloric acid, lead fetrachloride is
formed,—

PbO, + 4HCl = PbCl, + 2H,0.

This substance is a yellow fuming liquid and is decomposed
by water, forming hydrochloric acid and the dioxide, so that it
closely resembles stannic chloride, SnCl,, in its properties.

Poisonous Action of Lead Salts—Action of Water
on Lead.—The salts of lead act as very powerful poisons,
and even when only very small amounts are regularly taken
into the system distressing symptoms soon appear, a character-
istic sign of lead poisoning being a blue line along the gums.
All persons who handle preparations of lead, even although
these are almost insoluble, such as white lead, are liable to be
attacked. Thus in the potteries, the dippers, who coat the
earthenware, etc., with the materials for the glaze, which
contain lead carbonate, sometimes suffer from the poisoning
known as lead colic, and in aggravated cases they become
blind. On this account glazes free from lead are now being
employed.

Since lead is largely used for water pipes it is very im-
portant that the water thus supplied should be incapable of
dissolving the metal. Pure water only acts slowly on lead,
but waters containing small amounts of ammonium salts, or of
chlorides or nitrates, as well as water containing organic acids,
act much more vigorously. Waters containing dissolved
calcium carbonate do not as a rule attack lead, whereas soft
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and peaty waters, which are often acid, frequently, but not
invariably, dissolve the metal. In many districts where the
only water which is available is of this kind, filters of limestone
are employed so as to impregnate the water with calcium
carbonate and thus prevent the solution of the lead. Water
containing large amounts of soluble sulphates is liable to act on
lead pipes to a dangerous extent, and this can be also prevented
by the addition of calcium carbonate,

Detection of Lead.—All the compounds of lead can
readily be reduced to the metal on charcoal, and the salts all
impart a grayish tinge to the flame.

Lead is precipitated from solutions of its salts by hydro-
chloric acid as the sparingly soluble chloride, and by sulphur-
etted hydrogen as the black sulphide. The chloride readily
dissolves in hot water, and this solution gives a white precipitate
of the sulphate with sulphuric acid.

Thorium, Th, 232

Thorium i1s a comparatively rare element which occurs in
the mineral monazite, which is found in Brazil. The oxide.
thoria which has the composition ThO,, is an acid-forming
oxide and yields a nitrate Th(NO,),, a chloride ThCl, and
a sulphate Th(50,),, all of which are soluble. The nitrate is
now largely used for the manufacture of the Welsbach
incandescent gas mantles, which consist of thoria containing
a little oxide of cerium.

The compounds of thorium are all radio-active (see p. 462),

SUMMARY

Lead is a soft, bluish-white metal, which can readily be obtained by
the reducticn of its oxides. It dissolves readily in nitric acid.

Lead forms two series of salts, the plumbic salts and the plumbous
salts, which correspond in composition with the stannic and stannous
salts.

The plumbic compounds are very unstable and readily decompose,
forming the plumbous compounds. Plumbic chloride, PbCl,, is a fuming
liquid, whilst the dioxide is a brown powder which has feeble acid-forming
and weak basic properties.

The ordinary stable lead salts are plumbous compounds, but unlike
28
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the stannous salts, these do not act as reducing agents. Only the nitrate
and acetate are readily soluble in water. The hydroxide dissolves both
in acids and bases.

Lead also forms an oxide, Pb,0O,, red lead, which acts in many respects
as a mixture of the monoxide and dioxide, 2PbO + PbQs.

Greneral Properties of the Elements of the
Carbon Group

The gradual change from non-metal to metal as the atomic
weight increases is seen very clearly in this group, both in the
properties of the elements themselves and in those of their
compounds.

The oxides, RO,, only possess weak acid-forming properties,
and the chlorides, RCl,, are liquids or volatile solids. The
group also contains a rare element, Germanium, Ge, which is

intermediate both in properties and atomic weight between”

silicon and tin. _

The compounds of lead, which correspond in composition
with silica, silicon chloride, etc., are very unstable, whilst the
compounds in which the metal is bivalent are stable. Tin is
in this respect intermediate between lead and silicon. The
stannic compounds are much more stable than the plumbic salts,
whilst the stannous salts are unstable and are converted by
oxidising agents into the more stable stannic salts, so that
they act as reducing agents.

Carbon and silicon both unite with many of the metals to
form stable carbides and silicides.

EXERCISES ON LEessoN XXXII

Describe the preparation of lead from galena.

How can crude lead be desilverised ?

How would you attempt to prepare pure lead nitrate from solder?
Give an account of the preparation and properties of red lead.
What are the chief chemical properties of lead dioxide? How does
this bubshm,e differ from barium dioxide ?

N

6. How can the following substances be prepared and what are their

properties : () lead dichloride, (#) lead sulphide, (¢) lead tetrachloride,
(&) lead dioxide ?

7. How much zinc is required to precipitate 100 grams. of lead from a
solution of the nitrate ?

e
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8. Compare the properties of the dioxides of carbon, silicon, tin, and

lead.
g. Compare the properties, chemical and physical, of mercury, lead,

and bismuth.
ro. Why are carbon, silicon, tin, and lead classed together in one

group ?
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THE METALS OF THE IRON GROUP

IRON. NICKEL. COBALT.

Iron (Ferrum), Fe, 55.85

IRON, of all the metals, is by far the most useful to man, and
it has been used during historic times among nearly all nations,
although in prehistoric times, when iron seems not to have
been known, flint and then bronze were successively employed
for the purposes for which iron is now used. It was one of
the seven metals known to the alchemists, and was associated
with the planet Mars, sacred to the god of war.

Iron is readily converted into the oxide by moist air, and
hence is rarely found in the metallic state, Masses of metallic
iron are, however, occasionally found in the form of meteorites,
which fall on to the surface of the earth from regions beyond
the limits of our atmosphere. Meteoric iron always contains
a considerable amount of nickel, and is usually crystalline in
structure. Some meteorites are of great size and weight,
masses weighing as much as 21,000 kilos. having been found
off the coast of Greenland, whilst meteoric iron is also found
as a fine dust consisting of minute rounded particles on the
snowfields of the far North, and in the deposits accumulating
in mid-ocean at the bottom of the sea. The compounds of
iron which occur most abundantly are the oxides, the carbonate,
and the sulphides, although small amounts of iron are very
commonly present in other minerals. Of these the oxides and
the carbonate are employed for the manufacture of the metal,
whilst the sulphides are chiefly valuable for the sulphur which
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they contain. Iron is also present in plants, and is a con-
stituent of haemoglobin, the red colouring matter of the blood.

The properties of metallic iron are greatly influenced by the
presence of small quantities of other substances, especially
carbon (p. 374), and hence although it is such a common
metal, special precautions have to be adopted in preparing it
in the pure state.

Properties of Metallic Iron.—Iron is a silver white metal
and has a specific gravity of 7.8. It becomes soft at a red
heat, but only melts at a very high temperature (about 1600").
Iron differs from all the metals which we have hitherto con-
sidered by being attracted by the magnet. It also has the
power of becoming magnetic, but pure iron soon loses its
magnetic properties, whereas steel is capable of retaining them
permanently. Iron does not become oxidised in perfectly dry
air or in water from which all air has been expelled. It is,
however, attacked by moist atmospheric air or aerated water,
and is gradually converted into rust (see p. 386). When iron
is strongly heated in the air or oxygen, it burns brilliantly,
emitting showers of sparks, and forms the magnetic oxide,
Fe,O, (p. 388). This can readily be demonstrated by burning
a piece of steel watch spring in a jar of oxygen. The combus-
tion is best started by attaching a small piece of string to the
steel and setting fire to this; the heat produced is then
sufficient to start the combustion of the steel. A more vivid
combustion may be obtained by placing some cast-iron nails
on a piece of firebrick, and then strongly heating them by
means of a large oxyhydrogen blowpipe.

When steam is passed over heated iron, hydrogen is
liberated, and the same oxide formed as when the iron burns
in oxygen. All the oxides of iron are reduced to the metal
when they are heated with carbon, or in a current of hydrogen.
Iron also readily unites with chlorine, bromine, 1odine, sulphur,
and phosphorus.

Metallic iron dissolves both in dilute hydrochloric and
sulphuric acids, hydrogen being evolved. When iron contain-
ing carbon is employed for this purpose the gas evolved has
an extremely unpleasant odour, which is due to the presence
of volatile hydrocarbons.

Pagsive Iron.—When a clean piece of iron is dipped into



374 THE METALS OF THE TRON GROUP LESSON XXXIII

highly concentrated nitric acid (sp. gr. 1.45) no action appears
to take place at first, but if the iron be removed and washed,
and then plunged into a solution of copper sulphate, no copper
is precipitated on to the metal, whereas ordinary iron is at
once covered with a layer of copper. If the iron whilst still
immersed in the copper sulphate solution be scratched with a
file, the passive state is destroyed and a deposit of copper is at
once formed. It seems probable that a layer of oxide is
formed by the action of the nitric acid, which protects the
metal from the further action of the acid and also from the
action of copper sulphate.

The same condition is produced by many other oxidising
agents, such as chromic acid, and occurs when the iron is
made the + pole in a bath of sulphuric acid.

Less concentrated nitric acid readily acts on the metal,
converting it into ferric nitrate, whilst red fumes are evolved.

Atomic Weight of Iron—Formulse of the Iron Salts.
—Iron forms very few volatile compounds, and hence its atomic
weight has been settled by the atomic heat method, according
to which it is about 56, The metal forms two well-marked
series of salts, known as the ferric and the ferrous salts. It
has been found by analysis of the chlorides, according to the
usual method (p. 67), that in ferric chloride the equivalent of
the metal is 18.617. From this it follows that the correct
atomic weight is 18.617 x 3= 55.85, and that in this compound
one atom of iron has replaced three atoms of hydrogen, the
empirical formula of ferric chloride being therefore FeCl,,

In ferrous chloride, on the other hand, the equivalent of
iron is 27.925, and in this compound, therefore, one atom of
iron replaces two of hydrogen, and the formula of the chloride
1s FeCl,

Metallurgy of Iron

The properties of iron are, as already mentioned, greatly
influenced by the presence of small amounts of foreign sub-
stances, especially carbon, phosphorus, and silicon, which the
metal takes up during the process of reduction from its ores.
Three varieties of iron are usually distinguished :—

1. Cast-Iron.—This contains from 2.2 to 4.5 per cent of
carbon and fuses readily, but is brittle when cold. On this
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account it cannot be worked under the hammer, but is very
valuable for castings,

2. Wrought-Iron or Malleable Iron contains less
carbon than cast-iron. It is produced in a pasty state without
having been melted and consequently contains particles of slag.
It does not fuse readily and does not become hard when
suddenly cooled.

3. Steel also contains less carbon than cast-iron and fuses
less readily, and includes all malleable alloys of carbon and
iron which have at any time been actually melted. It possesses
the valuable property of becoming hard and capable of taking
an edge when it is suddenly cooled from a high temperature.
It is, moreover, permanently magnetic, whereas the other
varieties of iron, although they can easily be rendered magnetic,
soon lose their magnetism.

The process to be adopted for the preparation of metallic
iron from its ores depends on the nature of the product which
15 desired, whether cast-iron, steel, or wrought-iron. The
most usual process, however, is to make cast-iron directly from
the ore in a blast furnace, and then to convert this into wrought-
iron or steel. Only the more important processes for effecting
this are here shortly described. For further details a work on
metallurgy must be consulted.

I. Manufacture of Cast-Iron in the Blast Furnace.—
The ores chiefly employed for this purpose are the various
oxides, such as magnetic iron ore and red and brown hamatite;
clay iron stone, which is a variety of spathic iron ore contain-
ing sand or clay; and spathic iron ore itself. These ores are
first of all calcined in order to drive off water and carbonic
acid gas and to render the mass more porous for the succeed-
ing operations, The ore is then reduced in a blast furnace
with carbon, lime or limestone being added in order to form a
fusible silicate, termed slag, with the silica present. The
furnace employed for this purpose is from 50-100 feet in height,
and 14-24 feet in diameter, the construction being shown in
Fig. 49. It consists of a shaft A, which is built up of wrought-
iron plates lined with fire bricks, and has the shape shown in
the figure, the top of the shaft, B, being known as the #iroaf,
the widest portien as the delly or bosk, and the lower portion,
C, as the jfearih.
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The throat is closed by a cast-iron cone which can be
raised or lowered at will. At the lower portion of the furnace
the walls are pierced with holes, C, through which a blast of
heated air is driven from jets, known as tuyeres, which are
supplied with air, which is heated and sometimes dried, from the
pipe H, which surrounds the furnace. A hole is also pierced
at E, known as the tapping hole, through which the molten iron
is withdrawn at intervals, whilst the lighter slag flows out at
another hole, not shown in the figure, which is placed at a
somewhat higher level.

When the furnace is in full work the mixture of calcined
ore, coke, and limestone is introduced at the top of the furnace,
whilst the iron and slag are drawn off at the bottom, so that
the process is rendered continuous, and is carried on for long
periods without cessation.

Near the top of the furnace the ore and fuel meet the
carbon monoxide produced from the coke by the action of the
blast. Reduction takes place and the ore is almost completely
converted into a spongy mass of metallic iron,—

Fe,O, + 3CO =2Fe + 3CO0,.

The reduction becomes quite complete as the mass passes
down the furnace, and becomes heated to a higher temperature,
and finally, when the hottest part, just below the ¢ bosh,” is
reached the iron takes up carbon from the fuel and melts.
The molten mass runs down into the hearth, and is drawn off
at intervals by the hole at E, whilst the slag, consisting chiefly
of calcium silicate, floats upon the metal and is allowed to run
in a continuous stream from the slag hole. In addition to
carbon the iron also takes up small amounts of phosphorus,
silicon, sulphur, and manganese from the materials present in
the furnace. The gases which reach the top of the furnace
are combustible and contain about 25 to 30 per cent of carbon
monoxide. They are allowed to pass out at a side tube and
removed by the pipe F, and are finally utilised for heating the
air with which the blast is maintained.

The molten iron is run into moulds in sand, and thus
obtained in the form of bars, flat on one side and rounded on
the other, which are known as ¢ pigs.”

The carbon in such iron is present in two forms, partly
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combined with the iron and partly free in the form of graphite.
Gray iron contains most of its carbon free in the form of
graphite, whilst @w/iife iron contains it nearly all in the com-
bined form. The graphitic carbon is left behind in the form
of black scales when the metal is dissolved in acids, whilst
the combined carbon is evolved in the form of hydrocarbons,
to the presence of which the characteristic smell of hydrogen
prepared from iron is due. *

II. Manufacture of Wrought or Malleable Iron
from Cast-Iron by the Puddling Process.—The object
of this process is to remove the greater portion of the carbon,
silicon, phosphorus, and sulphur which are present in the cast-
iron, and this is accomplished by exposing the molten iron to
ferric oxide, which acts as an oxidising agent upon the
carbon,—

Fe, 0, + 3C =2Fe 4 3CO,

For this purpose the cast-ivon is melted on the bed of a
puddling furnace which is lined with ferric oxide, and the
molten mass is then well stirred up so that it is exposed to
the action of the air and to that of the oxide of iron present.
Carbon monoxide is evolved, whilst the silicon, phosphorus,
manganese and sulphur are also oxidised and fusible slags are
formed. The cast-iron is thus converted into a mass of porous
iron, which is then removed from the furnace, hammered to
squeeze out as much as possible of the slag and thus to obtain
a coherent mass and finally rolled.

A distinguishing feature of malleable iron is that in the
process of preparation it 1s never fused after the removal of
the carbon.

III. Manufacture of Steel from Cast-Iron.—Steel is
now usually made from cast-iron by the removal of carbon and
other impurities by the Bessemer process, which consists in
removing a portion of the carbon and other constituents by
means of a blast of air blown through the molten metal. The
process 1s carried out in a * converter,” which is shown iIn
Fig. 50. This is an egg-shaped vessel made of wrought-iron
plates lined with a silicious material, and provided at the
bottom with tuyéres through which air can be blown. The
whole is mounted on pivots, so that it can be turned over and
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the molten steel run out into moulds. The melted cast-iron is
run into this converter, and air is then blown through it, carbon
monoxide being formed which burns at the mouth of the
converter. The blast is continued until all the carbon has
been removed, and a small amount of *spiegeleisen” is then
added. This is a variety of white cast-iron which contains a

Fig. 5o

large amount of manganese, and is added to the mass in the
converter in order to introduce the carbon which is required
to be present in the finished steel. The liquid steel is then
poured out into a ladle and cast in ingots.

It is found that when a converter 1s lined with a basic
material, such as calcined dolomite, the phosphorus of cast-
iron is also removed, calcium and magnesium phosphates being
formed and retained in the slag.

Steel can also be made from malleable iron by introducing
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the necessary carbon. This was invariably done before the
introduction of the Bessemer process by the cementation
process, which consists in simply heating bars of wrought-iron
in steel crucibles packed with powdered charcoal for about ten
days. Under these circumstances wrought iron takes up
carbon and is converted into steel. '

Steel can also be manufactured by fusing together cast-iron
and malleable iron, or cast-iron and iron ore in the proper
proportions, and numerous processes founded on these various
principles are in use.

Steel is now being manufactured in the electric furnace.
This new process bids fair to supersede the older one of
preparation of cast steel in crucibles, especially for the produc-
tion of high-class tool steel, and this is one of the latest and
most valuable applications of electricity to metallurgy.

Composition of Cast-Iron, Malleable
Iron, and Steel.

The composition of samples of some of the different
varieties of iron is shown in the following list, but it must
be remembered that the composition of each kind is subject
to considerable variation—

! Cast-‘lmn. 3 Malleskile Gt

Gray. White. lron.
Gmph_ite . . 3.90 et o - g
Combined Carbon | o.39 4.10 0.15 0.234
silicon - e 1.07 0.23 0.14 0.033 0.33
Sulphur . : ’ 0.08 0. 10 0.04 trace
Phosphorus : 0.07 .07 Q.47 0.044 0.02
Manganese . 0.30 0.30| o.14 0.139 trace
Iron . . : 94. 19 95.20 | 99.06 99. 550 98.47

]
100.00 | 100.00 | 100.00 | 100.000 100,00
1 :

i -
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Compounds of the Ferrous Series

The ferrous salts are usually colourless when pure and free
from water, but they form greenish solutions in water and
separate out, as a rule, in greenish coloured hydrated crystals
containing water of crystallisation. These salts rapidly absorb
oxygen from the air, and in the presence of an acid are com-
pletely converted into ferric salts,—

2FeSO, + H,S0, + O = Fe,(SO,), + H,0.

In the absence of an acid ferric hydrate or a basic salt is
precipitated, since there is not enough acid present to form a
normal ferric salt. The ferrous salts are also very readily
converted into ferric salts by oxidising agents, and can indeed
be quantitatively estimated by the determination of the amount
of oxygen which they absorb from some oxidising compound
of known composition, such as potassium bichromate or
potassium permanganate (p. 422). The most convenient
way of converting a ferrous into a ferric salt is to boil the
solution with nitric acid, or hydrochloric acid and potassium
chlorate, or to pass chlorine into it.

EXPERIMENT 163.—Prepare 25 cc. of a saturated solution
of ferrous sulphate by shaking the powdered salt with
water in the cold, and take 5 cc. of this for each of the
following experiments :—

1. Boil the solution for some time—a brown precipitate
of basic ferric salt is formed and a yellow solution pro-
duced.

2. Repeat this experiment with 5 cc. of the solution to
which 5 cc. of dilute sulphuric acid have been added—
a yellow solution is formed as before, but no precipitate
is formed.

3. DBoil the solution with 5 cc. of hydrochloric acid and a
crystal of potassium chlorate—a yellow solution of a
ferric salt is produced, which remains yellow after all the
chlorine has been boiled off.

4. Add 5 cc. of dilute sulphuric acid and then 2 cc. of
concentrated nitric acid, and shake up— the liquid
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becomes almost black and then yellow, and the tube
becomes filled with brown fumes.

The action of nitric acid is very characteristic, and is used
as a test for this acid. The reactions which occur are the fol-
lowing :—

1. The nitric acid acts on the ferrous sulphate as follows,—

6Fe50, + 3H,50, + 2HNO,; = 3Fe,(SO,); + 2NO + 4H,0.

2. The nitric oxide which is at first produced dissolves in the
excess of ferrous sulphate still present, forming a dark coloured
solution containing a compound of this gas with ferrous sul-
phate.

3. As the ferrous sulphate becomes more and more com-
pletely converted into ferric salt, the nitric oxide is driven out
of solution into the air, where it at once unites with oxygen,
whilst the liquid shows the characteristic yellow colour of the
ferric salts.  If no sulphuric acid be added a certain amount of
ferric nitrate is produced.

Ferrous Oxide, FeO, is prepared by heating ferric oxide
to about 300° in hydrogen, and is a black powder.

Ferrous Hydroxide, Fe(OH),, is a white mass, and is
precipitated when an alkali is added to a ferrous salt in the
absence of oxygen. The precipitate usually obtained has a
greenish tinge, and gradually turns brown when exposed to the
air, ferric hydroxide being produced.

The oxide is insoluble in alkalis, but readily dissolves in
acids, forming the ferrous salts.

EXPERIMENT 164.—To 5 cc. of ferrous sulphate solution add
excess of caustic soda solution—a greenish precipitate
1s formed. Divide into two portions: (1) To the first
add dilute sulphuric acid—the precipitate dissolves,
forming ferrous sulphate, (2) Allow the remainder to
stand in a test-tube, shaking up at intervals—brown
ferric hydroxide is produced.

Ferrous Sulphate, FeSO,.—When iron is dissolved in

dilute sulphuric acid ferrous sulphate is formed, and separates

out when the solution is evaporated in presence of excess of
iron, filtered, and allowed to cool. The crystals are green and
contain 7 molecules of water, FeSO, + 7H,0. This salt is
also formed when iron pyrites is allowed to oxidise in the

I S S S E——
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air in presence of moisture, and it is prepared in this way on
the large scale. It has long been known to chemists, and
was formerly termed copperas or green vitriol, and employed
for the manufacture of sulphuric acid, which is produced when
it is distilled.

When gently heated the salt loses water and leaves a residue
of anhydrous ferrous sulphate, which is white, like most of the
anhydrous ferrous salts.

Ferrous sulphate readily forms crystalline double salts with
the alkali sulphates. The most important of these is ferrous
ammonium sulphate, Fe50, + (NH,),S0, + 6H,0, which does
not oxidise so readily in the air as ferrous sulphate itself, and is
therefore often used instead of the pure sulphate for analytical
purposes.

EXPERIMENT 165.—Heat 30 cc. of water to 80° in a
beaker, add to it 28 grams. of powdered ferrous sulphate
and stir until dissolved. Make a solution of 13 grams. of
ammonium sulphate in 20 cc. of hot water and add this
to the warm solution of ferrous sulphate. Ferrous
ammonium sulphate crystallises out on standing. Pour
off the clear liquid, drain the crystals and dry them
between layers of filter paper. A further quantity of
the salt may be obtained by adding 25 cc. of alcohol to
the filtrate and filtering off the salt which is precipitated.
About 35 grams. of the salt should be obtained.

Ferrous Chloride, FeCl,, is prepared in the anhydrous
state by heating iron wire in hydrochloric acid gas,—

Fe + 2HCl = FeCl, + H,.

It is a colourless crystalline substance and readily dissolves in
water, from which it separates in bluish crystals, FeCl, + 4H,0.

Ferrous Carbonate, FeCQO, occurs in nature as spathic
iron ore, which usually also contains the isomorphous carbon-
ates of calcium, magnesium, and manganese, and does not
oxidise in the air. This salt is found dissolved probably in the
form of bicarbonate in natural waters containing carbonic acid,
which are known as chalybeate waters. When such a water is
exposed to the air the excess of carbonic acid gas escapes from
the solution, and oxidation at the same time occurs, so that a
reddish mass of ferric hydroxide is deposited,
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Ferroues Sulphide, FeS, is formed when iron filings and
sulphur are heated together. A hard, dark coloured mass is
thus obtained, which readily dissolves in dilute hydrochloric
or sulphuric acid, with evolution of sulphuretted hydrogen, and
the sulphide i1s therefore much used in the laboratory for the
preparation of this gas,—

FeS4+2HCl= FeCl, + H,S.

The sulphide usually contains free iron, which gives rise to
hydrogen in the gas obtained.

Ferrous sulphide is precipitated as a black mass when
ammonium sulphide is added to a solution of a ferrous salt,—

FeSO, + (NH,),S = FeS +(NH,),SO,.

It is readily soluble in dilute hydrochloric or sulphuric acid, and
is therefore not precipitated when sulphuretted hydrogen is
passed into a solution of ferrous sulphate in water. It is also
formed when ammonium sulphide is added to a solution of ferric
salt, this being reduced to the ferrous state by part of the
ammonium sulphide (p. 206),—

2FeCl, + (NH,),S = 2FeCl, + zNH4C1 +8S.

EXPERIMENT 166.—1. Pass sulphuretted hydrogen into a
solution of ferrous sulphate—no precipitate is produced.

2. To a solution of ferrous sulphate add ammonium sul-
phide—a black precipitate 1s produced which 1s readily
soluble in hydrochloric acid.

Compounds of the Ferric Series

The ferric salts usually form yellow solutions in water.
They can readily be converted into ferrous salts by reducing
agents, and therefore act themselves as oxidising agents. This
reduction to the ferrous state can be effected in a great number
of ways, as, for example, by the use of zinc and dilute sul-
phuric acid, sulphuretted hydrogen, stannous chloride (p.
357), sulphur dioxide, potassium iodide, etc., the changes
produced by these reagents being represented by the following
equations,—

i
e m B
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(1) 2FeCl, + H,S=2FeCl, 4+ 2HCl + S.

(2) Fey(SO,);+Zn=2FeS0O,+2ZnS0O,

(3) zFeCl; + SnCl, =2FeCl, + 5nCl,.

(4) 2FeCl, + 2KI =2FeCl, + 2KCl + L,

(5) Fey,(SO,),+H,S0,+ H,0=2FeSO, +2H,50,.

EXPERIMENT 167.—1. Pass sulphuretted hydrogen into
5 cc. of ferric chloride solution—the solution becomes
colourless and sulphur is precipitated.

2. To a solution of ferric chloride add potassium iodide

solution—iodine is at once liberated.

This property is utilised for the volumetric estimation of
iron, which is present in the ferric state. = The solution is
treated with zinc and sulphuric acid, or with sulphurous acid, so
that the whole of the iron present is brought into the ferrous
state, and the amount of oxygen which is required to reoxidise
it to the ferric state is then ascertained, a standard solution of
potassium permanganate or potassium bichromate being
employed as the source of the oxygen (p. 423).

Ferric Oxide, Fe,0,, occurs very largely as a mineral and
1s one of the purest and most important ores of iron, The
anhydrous oxide i1s known as Ae@matife, and is found in red,
kidney-shaped masses, or in distinct crystals, in which form it
is termed specuiar fron ore. A hydrated form of the oxide is
found as a brown or yellow mass known as dbrown hamatite,
limonite, yellow ochre, or bog ivon ore. The oxide is prepared
artificially by heating the hydroxide, and is a brownish-red
powder which is readily reduced by hydrogen or carbon on
heating. Finely divided ferric oxide, such as that left when
ferrous sulphate is distilled, is known as colcothar, and is used
for polishing, the finest portion being known as rouge.

Ferric Hydroxide, Fe(OH),, is precipitated as a brownish-
red mass when caustic soda or ammonia is added to a ferric
salt. It dissolves in ferric chloride to form a dark red
solution, which deposits the excess of hydroxide on boiling.
When this dark coloured solution is dialysed almost all the
ferric chloride is removed, and a solution of the colloidal
hydroxide is left which gelatinises on standing. This solution
is used in medicine under the name of dialysed iron. The
hydroxide readily dissolves in acids, forming the ferric salts.

2
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The Rusting of Iron.—When a clean surface of iron is
exposed to moist air or aerated water it becomes rusty. It was
at one time thought that the rust was formed by direct combina-
tion of the wron with the oxygen of the air, in presence of
moisture, but it has since been found that this is not the case.
The active agent in the production of rust is the carbon dioxide
always present in the air and in water. This acts on the
iron like a dilute acid, forming ferrous carbonate and free
hydrogen,—

(1) Fe+CO,+ H,0=FeCO,+H,.

The ferrous carbonate is then oxidised by the oxygen of the
air, in presence of water, forming ferric hydroxide,—

(2) 2FeC03+3HEQ + O =2Fe¢(OH), + 2CO,,

A clean surface of iron remains without rust when exposed
to air and water, both freed from carbon dioxide. It is, however,
extremely difficult to remove the last traces of this gas from
water, and this can only be done by distilling it with baryta.
Fresh rust contains both ferrous hydroxide and ferrous carbon-
ate. The equations given above also explain why it is that
iron cannot rust in dry air or in water free from air (p. 3?3}

Ferric Chloride, FeCl, i1s formed when iron wire is
heated in dry chlorine, and suhllmes in black plates. The
solution is best prepared by dissolving iron in hydrochloric
acid and passing in chlorine, or boiling with a small quantity
of nitric acid and then evaporating. It is a deliquescent
yellow mass, and is very soluble in water, with which it unites
to form several crystalline hydrates. The aqueous solution has
an acid reaction to litmus.

Ferric Sulphate, Fe,(S0,),, is prepared by boiling a
solution of ferrous sulphate with sulphuric and nitric acids and
then evaporating. The reaction which occurs has already
been discussed. The salt forms colourless crystals and, like
aluminium sulphate, combines with the sulphates of the alkall
metals to form ** alums.”

Ammonium Iron Alum, (NH,),SO,+ Fe,(S0,),+
24H,O, is prepared by adding ammonium sulphate to a
solution of ferric sulphate and evaporating. It crystallises in
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violet octahedra, and is isomorphous with ordinary ammonium
alum and with chrome alum (p. 319).

EXPERIMENT 168.—Dissolve 28 grams. of ferrous sulphate
in 30 cc. of water, add 5 grams. of concentrated sul-
phuric acid and § cc. of concentrated nitric acid, and
boil until no more brown fumes are evolved. Then add
a solution of 7 grams, of ammonium sulphate in 10 cc.
of water, and allow to cool—iron alum crystallises out
in characteristic distorted octahedra (p. 142).

Ferric Nitrate, Fe(NO,),, is prepared by dissolving iron
in nitric acid and forms colourless crystals, containing 9 mole-
cules of water. It yields a brown solution in water, which is
rendered colourless by strong nitric acid.

Ferric Acetate.—When a solution of sodium or am-
monium acetate is added to ferric chloride a blood-red solu-
tion is formed which contains ferric acetate. Ferric acetate
is largely used in calico printing as a mordant, giving a black
dye with alizarin.  When this liquid is boiled an insoluble
basic ferric acetate is precipitated and acetic acid liberated,
the precipitation of the iron being quantitative.

Ferric Phosphate, FePO,, is precipitated as a yellowish-
white amorphous mass when ordinary sodium phosphate is
added to a solution of ferric chloride, and is insoluble in acetic
acid, but soluble in hydrochloric acid. The formation of this
salt 1s used for the analytical separation of phosphoric acid
from solutions of the phosphates of the metals, such as bone
ash. The solution is made neutral, and a slight excess of
ferric chloride is added, which precipitates the whole of the
phosphoric acid as ferric phosphate. The excess of ferric
chloride is then removed by boiling with ammonium acetate,
and the liquid is then filtered. The whole of the phosphate
remains in the precipitate, whilst the filtrate contains the
calcium.

The arsenate is similar to the phosphate.

EXPERIMENT 169.—1. To 5 cc. of a 10 per cent solution
of sodium phosphate add ferric chloride—a vyellowish-
white precipitate is produced.

To 5 cc. of a 10 per cent solution of sodium acetate add
a few drops of ferric chloride solution—a deep-red
coloration is produced. Boil the solution—a brown

i
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precipitate is formed and the liquid becomes colour-
less.

Basic Ferric Arsenite is formed when freshly precipi-
tated ferric hydroxide is shaken with arsenious acid. It is
insoluble in water, and hence ferric hydroxide is sometimes
used as an antidote in cases of arsenic poisoning,

Ferric Thiocyanate, Fe(CNS),, is present in the blood:
red solution produced when potassium thiocyanate is added to
a ferric salt (p. 338). It crystallises in almost black cubes,
and is very readily soluble in water, The formation of this
salt 1s often used as a test for ferric salts, since pure ferrous
salts give no coloration with potassium thiocyanate.

Other Compounds of Iron

Magnetic Oxide of Iron, Fe,0,, is found as the mineral
magnetite, which attracts iron, and was formerly known on this
account as loadstone. -~ It i1s a very valuable ore of iron, and
occurs largely in Sweden and Norway, and near Lake Superior.
It is produced when iron burns in oxygen or is heated in steam,

This oxide does not form a corresponding series of salts, but
when dissolved in acids yields a mixture of ferrous and ferric
salts, as though it were itself a mixture of the corresponding
oxides, Fu:ED3 + FeO.

Fe,0, + 8HCl = 2FeCl, + FeCl, + 4H,0.

When caustic soda is added to the solution, however, a black
precipitdte is produced, which, after drying, has the composi-
tion Fe, O, + H,0.

FBI‘I‘lD Amd H,FeO,.—When ferric hydroxide is sus-
pended in caustic pctaqh and chlorine passed through the
solution a purple liquid is obtained, and this is also formed
when reduced iron is heated with potassium nitrate and the
mass extracted with water. This solution contains potassium
ferrate, K,FeO,, and gives with barium chloride a red pre-
cipitate of barium ferrate, BaFeO,. The solution decomposes
on boiling, oxygen being evolved.

The ferrates are probably derived from an acid of the
formula H,FeO,, which would correspond with an oxide FeO,,
but neither the acid nor the oxide has been prepared.

mma
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Iron Carbonyl, Fe(CO),, is a liquid, boiling at 102.5",
which 1s formed by the direct union of metallic iron with
carbonic oxide. It decomposes when heated into metallic iron
and carbonic oxide in a similar manner to the nickel com-
pound (p. 396).

Iron Pyrites, Iron Disulphide, FeS,, occurs in nature
to a very large extent, and is much used as a source of sulphur
for the manufacture of sulphuric acid. It forms a yellow,
brass-like mass, which is not attacked by dilute hydrochloric or
sulphuric acid, but dissolves in nitric acid. On exposure to
air and moisture it forms ferrous sulphate, as already mentioned.
It is frequently found in carbonaceous shale, and is then known
as coal brasses.

The Cyanogen Compounds of Iron

Potassium Ferrocyanide (Yellow Prussiate of
Potash), K Fe(CN),, is formed when ferrous sulphate is
treated with an excess of potassium cyanide. Ferrous cyanide
is first formed, but this dissolves on boiling with excess of
potassium cyanide to form the ferrocyanide,—

Fe(CN), + 4KCN = K,Fe(CN),.

This salt is not a simple sait of hydrocyanic acid, but of a
complex acid containing iron, which is termed ferrocyanic
acid, H,Fe(CN),. This is shown by the fact that when
hydrochloric acid 1s added to a solution of the salt no hydro-
cyanic acid 1s evolved, as would be the case were the salt an
ordinary cyanide, but a white precipitate of free ferrocyanic
acid 1s formed, which becomes blue in the air. The iron,
moreover, 1s not precipitated by ammonia or ammonium
sulphide.

EXPERIMENT 170.—1. To a saturated solution of potassium
ferrocyanide add a few drops of concentrated hydro-
chloric acid —a white precipitate is formed which
rapidly becomes green in the air.

2. To a solution of potassium ferrocyanide add excess of
ammonia—no precipitate is produced.

Potassium ferrocyanide is now prepared from the hydrocyanic

acid which is present in small quantity in crude coal gas, and is
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absorbed by passing the gas through an alkaline liquid, such
as caustic potash or milk of lime, containing ferrous hydroxide
in suspension. If lime be used the resulting calcium salt is
decomposed by potassium carbonate. It was formerly manu-
factured by heating potassium carbonate in an iron pot with
nitrogenous organic matter, such as clippings of horn, and this
process is still used to some extent. Potassium ferrocyanide
crystallises in yellow quadratic tablets containing 3 molecules
of water, and readily dissolves in water. Although it may be
prepared from potassium cyanide, which is a powerful poison,
it is not poisonous,

Potassium Ferricyanide, K ,Fe(CN).. When a solu-
tion of potassium ferrocyanide is treated with chlorine, one
atom of potassium is removed and a new salt is produced,
which crystallises in red prisms, and is sometimes known as
red prussiate of potash,—

2K, Fe(CN); + Cl,= 2K Fe(CN), + 2KCL

These two salts give characteristic reactions with the iron salts,
and are often used to distinguish ferric salts from ferrous salts
in analytical work.

Ferric Salts give with potassium ferrocyanide at first a
blue precipitate of potassium ferric ferrocyanide, FeKFe(CN),,
and then, when an excess of the ferric salt is added, and with-
out any change in appearance, Prussian blue, Fe (CN),.

(1) K,Fe(CN),+ FeCl, = FeKFe(CN), + 3KCL
(2) FeCl,+ 3FeKFe(CN);= 3KCl+ Fe (CN),.

With potassium ferricyanide, the ferric salts give a dark brown
solution, containing soluble ferric ferricyanide.

Ferrous Salts give, with potassium ferrocyanide, a white
precipitate, rapidly becoming blue, which consists of potassium
ferrous ferrocyanide, FeK,Fe(CN)..

With potassium ferricyanide the ferrous salts give first a
blue precipitate which is identical with that produced from a
ferric salt and potassium ferrocyanide. Potassium ferrous.
ferricyanide i1s probably first formed, as might be expected,
but immediately changes into potassium ferric ferrocyanide.
Excess of a ferrous salt converts this without any change in
appearance into a blue compound Fe,(CN),,, which rapidly
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oxidises In moist air, forming Prussian blue and other com-
pounds,—

(1) FeSO, + K;Fe(CN),=FeKFe(CN), + K,SO,.
(2) 2FeKFe(CN),+ FeSO, =Fe,(CN),;, + K,SO,.

The commercial substances known as Prussian blue and
Turnbull’s blue are wusually mixtures ; they are used as
pigments.

. EXPERIMENT 171.—To a solution of potassium ferro-
cyanide add : (1) Ferrous sulphate—a white precipitate
rapidly becoming blue is formed. (2) Ferric chloride—
a deep blue precipitate is formed.

To a solution of potassium ferricyanide add: (1) Ferrous

sulphate—a deep blue precipitate is formed. (2) Ferric
chloride—a dark coloration is produced.

Detection of Iron

All iron compounds are reduced to metal when they are
heated before the blowpipe on charcoal with potassium cyanide.
The temperature obtained is rarely high enough to melt the
metal, and it is therefore usually obtained as a magnetic
powder, which dissolves in nitric acid, forming a solution
which gives the reactions of ferric iron and leaves a yellow
stain when evaporated. Iron compounds also impart a yellowish-
brown colour to the borax bead in the oxidising flame, due
to the presence of ferric oxide, whilst in the reducing flame
ferrous oxide 1s produced, which colours the bead green,

Iron is precipitated from its solutions by ammonium
sulphide as the black ferrous sulphide, ferric salts being first
reduced. The sulphide dissolves readily in hydrochloric acid,
and yields a solution which after oxidation gives with caustic
soda a reddish-brown precipitate of ferric hydroxide, insoluble
in excess and in ammonia.

Iron is usually estimated gravimetrically by precipitating it
as ferric hydroxide, heating strongly and weighing the result
ing ferric oxide; it is estimated volumetrically by means of
potassium permanganate or potassium bichromate (pp. 408-423).
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SUMMARY

Iron is a white metal melting at a high temperature, it is slowly
oxidised in moist air containing carbon dioxide, but is not altered by dry
air in the cold. When strongly heated in oxygen it burns vigorously.

The properties of metallic iron are greatly influenced by the presence
of small amounts of foreign substances, especially of carbon, the three
varieties, cast-iron, steel, and wrought or malleable iron being distinguished
partly by the pmpﬂrtmns of this substance which are present.

Iron forms two series of salts, the ferrous salts, in which each atom -::-f
the metal replaces two atoms of hydrogen, and the ferric salts, in which
each atom of the metal replaces three of hydrogen, The ferrows salts are,
as a rule, light green in colour and are readily converted by oxidation into
the yellow ferric salts, which, on the other hand, can easily be reduced to
ferrous salts. In both series the chloride, nitrate, and sulphate are easily
soluble in water.

Iron also forms an oxide of the formula Fe,O,, which when treated
with acids yields a mixture of ferrous and ferric salts. The cyanides of
iron readily combine with other cyanides to form complex cyanogen
compounds, such as the ferrocyanides.

E'{FRCISLS OoN LEsSson EK‘{III

1. What are the chief compounds of metallic iron which occur in
nature ?

2. What are the most important properties of cast-iron, steel, and
wrought-iron? How do these three varieties differ in composition ?

3. Describe one method for the manufacture of (e) cast-iron, (4)
wrought-iron, and (¢) steel.

4. How can the following substances be prepared from metallic iron :
(@) magnetic oxide of iron, (#) ferrous chloride, (¢) ferric chloride ?

5. How is ferrous sulphate obtained on the large scale? Describe the
preparation of ferrous ammonium sulphate and iron alum from this salt.

6. What occurs when a solution of ferric chloride is treated with (a)
sulphuretted hydrogen, (#) ammonia, (¢) ammonium sulphide, (d)
potassium iodide, (¢) stannous chloride ?

7. Describe the preparation and properties of potassium ferrocyanide
and potassium ferricyanide.

8. How can a ferrous salt be distinguished from a ferric salt ?

g. How much metallic iron would be required to precipitate the
copoer from one kilo. of crystallised copper sulphate ?




LESSON XXXIV

THE METALS OF THE IRON GROUP (Cont.)

Nickel, Ni, 58.68

THE salts and some of the ores of nickel are green, and were
at first mistaken by miners and chemists for compounds of
copper, but of course did not yield the expected copper when
smelted. Hence arose the name nickel, from the old German
rupfer-nickel or false copper.

Nickel nearly always occurs in nature together with cobalt,
which it resembles very closely in many of its properties. It
occurs chiefly as sulphide, which is usually mixed with other
sulphides, especially those of iron and copper. Thus the
nickel ores of Canada consist of sulphide of iron, containing
2-3 per cent of nickel and the same amount of copper. In
New Caledonia the nickel occurs largely as silicate, and finally,
as has already been mentioned, this metal is invariably found
as a constituent of meteoric iron.

The smelting of nickel is usually carried out in a somewhat
similar manner to that of copper (p. 265), the ore being alter-
nately roasted and melted to remove the iron and sulphur,
The residual nickel oxide 1s then mixed with charcoal,
pressed into cubes, and strongly heated. The oxide is thus
reduced and cubes of the metal containing a certain amount
of carbon are formed,—

NiO + C = Ni + CO.

Nickel somewhat resembles iron in appearance, and like it
is strongly magnetic ; it has a specific gravity of 8.9, and only
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melts at a very high temperature (1484"), which is, however,
rather lower than the melting-point of iron.

It does not oxidise on exposure to moist air, and even when
heated in the air is only slowly converted into the oxide. It
also slowly decomposes steam at a red heat, the monoxide
being formed (compare iron, p. 373)

The metal dissolves slowly in hydrochloric acid, readily in
dilute nitric acid. ;

Metallic nickel is largely used for plating iron and steel in

order to protect them from rust. It also forms a constituent
of several wvaluable alloys; thus wickelsfee/ contains 3-15
per cent of nickel, and is largely used for armour plate
for war vessels, since it is extremely tough and difficult to
penetrate.  German sitlver 1s an alloy composed of about 3
parts of copper, 1 of nickel, and 1 of zinc, and is largely
used for coins and a variety of other purposes, since it retains
its lustre well and may be worked like brass.

Atomic Weight of Nickel and Formulse of its
Compounds.—The equivalent of nickel has been found by
the analysis of the bromide to be 29.34. Its atomic weight as
determined by the atomic heat method appears to be about
the same as that of iron, and this agrees with the value
deduced from the molecular weight and composition of nickel
carbonyl (p. 396), the only readily volatile compound of nickel
which is known. Hence the correct atomic weight is 58.68,
and it is thus seen that in the bromide each atom of nickel
replaces two atoms of hydrogen,

Nickel only forms a single series of salts, which are derived
from the monoxide, NiO, and therefore correspond in composi-
tion with the ferrous salts. They differ from these, however,
by not possessing reducing properties, since no salts correspond-
ing with the ferric salts are known, although the corresponding
oxide to ferric oxide, nickel sesquioxide, Ni,0,, exists.

The salts are generally yellow in the anhydrous state, but
torm brilliant green crystals, containing water of crystallisation.

Compounds of Nickel

Nickel Monoxide, NiO, is prepared by strongly heating
the sesquioxide or nitrate, and is also formed when the metal is

|
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strongly heated in the air. It is a light green powder and
is easily reduced when heated in hydrogen or with carbon,

Nickel Hydroxide, Ni(OH),, 1s formed as an apple
green precipitate when caustic soda is added to a nickel
salt ; it forms a blue solution with ammonia. The hydroxide
dissolves readily in acids, but is insoluble in caustic soda. It
is, however, soluble in ammonia, forming an ammoniacal
compound resembling that formed by copper under similar
circumstances,

Nickel Chloride, NiCl,.— Nickel is readily acted on
by chlorine, the anhydrous yellow chloride being produced,
which sublimes in shining plates. The green crystalline salt
obtained by dissolving the carbonate in hydrochloric acid and
evaporating the solution has the composition NiCl, + 6H,0,
and is readily soluble in water.

Nickel Sulphate, NiSO,, is prepared by dissolving nickel
or its carbonate in dilute sulphuric acid and evaporating.
Green crystals of the composition NiSO, + 7H,0 are deposited,
which are readily soluble in water. L1L:e ferrous sulphate it
readily forms crystalline double salts, such as nickel am-
monium sulphate, NiSO,+ (NH,),SO, + 6H,0, which is
prepared by mixing the two constituent salts, and is used for
nickel plating.

EXPERIMENT 172.—Dissolve 28 grams. of nickel sulphate
and 13 grams. of ammonium sulphate in the smallest
possible quantity of hot water and allow to cool. The
salt may be obtained in large crystals by a process
similar to that employed for alum.

Nickel Sulphide, NiS, is formed when nickel and
sulphur are heated together, and is precipitated as a black
powder when ammonium sulphide is added to a solution ot
a nickel salt. It is insoluble in dilute hydrochloric acid, but is
not precipitated when sulphuretted hydrogen is passed into a
solution of a nickel salt containing hydrochloric acid. It dis-
solves in nitric acid, and in hydrochloric acid to which a
crystal of potassium chlorate has been added, and is slightly
soluble in ammonium sulphide, a dark coloured solution being
formed.

Nickel Seaqumxlde Ni,O,.—The residue left when nickel
nitrate is gently heated in the alr 1s black, and consists of the
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sesquioxide. When “this 1s more strongly heated it loses
oxygen and passes into the monoxide,—

2N1,0, =4NiO + O,,

This oxide does not yield a corresponding series of salts, when
it is treated with acids, but always forms the ordinary nickel
salts and loses oxygen, which is either given off as gas or acts
on the acid. Thus, when it is heated with sulphuric acid
nickel sulphate is formed and oxygen evolved, whilst hydro-
chloric acid yields nickel chloride and free chlorine,—

Ni,0,4 + 6HCl = 2NiCl, + Cl, + 3H,0.

When a solution of a nickel salt is heated with sodium
hypochlorite a black precipitate of the trihydroxide, Ni(OH),,
is formed, which behaves towards acids like the oxide.

Nickel Carbonyl, Ni(CO),.—When nickel oxide is
reduced by hydrogen and the finely divided metal is then
exposed to a current of carbon monoxide at 80°, the nickel
combines with this gas and forms a compound which con-
denses on cooling to a colourless liquid boiling at 43°. This
compound is the only easily volatile derivative of nickel, and
forms a vapour which has the deisity corresponding with the
formula given above. Thevapour is very poisonous, and explodes
when heated to 60°, but when it is mixed with hydrogen and
passed through a hot tube, it decomposes into carbon monoxide
and metallic nickel, which is deposited as a mirror on the walls
of the tube,—

Ni(CO), = Ni1+44CO.

The vapour burns in the air with a very bright flame, carbon
dioxide and nickel monoxide being produced. The formation
and decomposition of this compound have been utilised for the
extraction of nickel from its ores. The crude nickel oxide is
reduced to metal by water gas (a mixture of hydrogen and
carbon monoxide), and is then exposed to the action of carbon
monoxide at 80°, the resulting vapour being decomposed in
heated chambers in which the metallic nickel is deposited,
whilst the carbon monoxide is used over again.

Detection of Nickel.—Nickel compounds are reduced to
a magnetic black powder of metallic nickel when they are
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heated with potassium cyanide on charcoal in the reducing flame
of the blowpipe. This powder dissolves in nitric acid, forming
a solution which leaves a bright green stain on evaporation.
The compounds of nickel colour the borax bead brown in the
oxidising flame, but in the reducing flame the bead becomes
gray and opaque owing to the formation of metallic nickel,
which is insoluble in borax. Nickel is separated from all other
metals except cobalt by removing the metals which are pre-
cipitated by sulphuretted hydrogen in presence of hydrochloric
acid, and then adding ammonia and ammonium sulphide.
When the resulting precipitate is treated with dilute hydro-
chloric acid, only the sulphides of nickel and cobalt are left
undissolved. These are then treated as described under
cobalt (p. 4o1).

SUMMARY

Nickel is a white magnetic metal, which does not readily oxidise in the
air.

Only one series of salts is known, and in these the metal is bivalent.
The chloride, nitrate, and sulphate are green soluble salts, and do not
become oxidised on exposure to the air.

Nickel forms a black oxide, Ni,O,, which decomposes when heated into
the green oxide, NiO, and does not yield a corresponding series of salts
when treated with acids. The metal forms a very characteristic volatile
compound with carbon monoxide, which decomposes when heated, metallic
nickel being deposited.

Cobalt, Co, 58.97

Cobalt, like nickel, was first found in a false copper or ore
resembling one of copper, and received its name from the
German word for a spirit or ghost (kebold). It is usually
found along with nickel, and resembles this element very
closely in its chemical properties. Physically, however, the
salts of the two elements differ very much from one another,
those of cobalt being, as a rule, blue in the anhydrous state,
and pink in solution or in the form of hydrated crystals.

Cobalt occurs chiefly as speiss cobalt, an arsenide of cobalt
CoAs,, in which part of the latter is replaced by iron and
nickel.

Metallic Cobalt is not manufactured on the large scale,
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and is usually prepared by reducing the oxide or chloride in
hydrogen. It resembles iron in appearance and is strongly
magnetic. It has a specific gravity of 8.8, is harder than
iron, and melts at 1530°.

Atomic Weight of Cobalt and Formule of its Salts.
—No volatile compounds of cobalt are known, and its atomic
weight has therefore been settled by the atomic heat method,
and has thus been found, like that of nickel, to have about the
same value as that of iron. The equivalent of the metal has been
ascertained to be 29.485 by the analysis of the bromide, and
hence the atomic weight is 29.485 x 2 =58.97. It follows from
this that each atom of the metal replaces two atoms of hydrogen
to form the bromide, so that the formula of this salt is CoBr,.

All the stable cobalt salts have analogous formule, and
therefore correspond in composition with the ferrous salts and
those of nickel, with which they are also 1somorphous. Cobalt,
however, forms a series of unstable salts which correspond in
composition with the ferric salts, and may be regarded as
derived from the oxide Co,0,.

In order to prepare the salts of cobalt, speiss cobalt is
roasted, a process which wields a crude arsenate of cobalt.
This 1s then dissolved in hydrochloric acid and treated with
sulphuretted hydrogen to precipitate copper, bismuth, etc.
The filtrate from these is then precipitated with bleaching
powder, and the crude oxide filtered off, washed, and dried.
In order to obtain cobalt salts this oxide, which always contains
iron and nickel, is redissolved in acid and purified by special
methods.

Compounds of the Cobaltous Series

Cobaltous Oxide, CoO, is formed when the higher oxide,
Co,0,, is gently heated in hydrogen, and is a light brown
powder, which is reconverted into the higher oxide by being
heated in the air.

6Co0 + 0, = ZCGSO%.

This behaviour shows that cobaltous oxide is much more easily
oxidised than nickel oxide, NiO, and the same is true of the
cobaltous salts, which vield unstable cobaltic salts on oxidation,
whereas no such salts of nickel are known.

PR ] Y—
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——

Cobaltous Hydroxide, Co(OH),.—When caustic soda
is added to a solution of a cobalt salt, a blue basic salt is thrown
down, which becomes converted into the pink hydroxide on
boiling. This absorbs oxygen from the air and becomes brown
on standing.

EXPERIMENT 173.—To a solution of cobalt nitrate add
caustic soda solution—a blue precipitate is formed, which
becomes pink on heating and then gradually becomes
brown.

Cobaltous Chloride, CoCl,, is obtained by heating the
metal in chlorine and sublimes in blue crystalline scales.
When the carbonate i1s dissolved in hydrochloric acid a pink
solution 1s formed which deposits pink crystals, CoCl, + 6H,0,
on evaporation, and when these are dried at 110°-120" the
blue anhydrous chloride is left. The blue crystals form a blue
solution in alcohol, which becomes pink when water is added
to it. The pink aqueous solution, on the other hand, becomes
blue when concentrated sulphuric or hydrochloric acid or
alcohol is added. Solutions of cobalt salts have been used as
sympathetic inks, since they become blue when dried, but are
a faint and almost invisible pink when moist. The change is so
delicate that in dry weather a piece of paper impregnated with
cobalt chloride becomes blue and in damp weather pink.

EXPERIMENT 174.—Evaporate a solution of cobaltous
chloride to dryness—a blue mass is obtained. When
concentrated hydrochloric acid 1s added to this or to the
aqueous solution, a blue liquid is obtained which becomes
pink on the addition of water.

Cobaltous Nitrate, Co(NO,), + 6H,O, is prepared by
dissolving the carbonate in nitric acid and evaporating. When
it is strongly heated the oxide, Co,O, 1s left, whilst when
gently heated the sesquioxide, Co,0,, is formed.

Cobaltous Sulphate, CoSO, + 7H,0, is also a pink salt,
and, like the sulphates of iron and nickel, forms double salts
with the sulphates of the alkalis,

e o —

Compounds of the Cobaltic Series

Cobaltic Oxide, Co,0,.—When a solution of bleaching
powder or sodium luypuchlﬂntc 1s added to a solution of a
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cobalt salt a black precipitate is produced. If the liquid be
heated it froths up and oxygen is evolved, until the whole of the
hypochlorite present has been reduced to chloride. This is a
case of so-called catalytic action, which is very similar to that
of manganese dioxide on potassium chlorate, and probably
depends on the successive formation and decomposition of an
unstable higher oxide of cobalt. The oxide left at the close of
the reaction is probably a mixture of the sesquioxide, Co,0,,
and the dioxide, CoO, Cobaltic oxide is a black powder,
which behaves towards acids like the corresponding oxide of
nickel (p. 396).

EXPERIMENT 175.—To a solution of cobaltous nitrate add
caustic soda and then bleaching powder. A black pre-
cipitate is formed. Heat the liquid gently—oxygen is
evolved with effervescence.

Cobaltic Sulphate, Co,(SO,),+ 18H,0, is the best
known of the unstable cobaltic salts, and is formed when a
solution of cobaltous sulphate is electrolysed, the salt in the
neighbourhood of the positive pole being oxidised. The
sulphate crystallises in blue needles, and like ferric sulphate
forms an alum,

Cobalto-cobaltic Oxide, Co,0,, corresponds in com-
position with the magnetic oxide of iron, and is the most stable
oxide of cobalt, being formed when the other oxides are
strongly heated in the air. 'When heated with hydrochloric
acid it yields cobaltous chloride and chlorine (compare the
behaviour of magnetic oxide of iron, p. 388),—

Co,0, + 8HCl = 3CoCl, + Cl, + H,0.

Smalt.—This name is given to an intensely blue silicate of
cobalt which is prepared by fusing roasted cobalt speiss with
sand and pot-ashes. It is much used for colouring glass and
as a blue paint, which is not affected by acids and can be
fired.

Zaffre, an impure arsenate of cobalt, and Thenard’s blue,
which i1s formed by heating a salt of cobalt with alumina, are
also used as blue colouring matters. The formation of the
latter substance is employed as a test for alumina.

PR A — S
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The Cyanogen Compounds of Cobalt

Potassium Cobalticyanide, XK,Co(CN).. — Cobalt
closely resembles iron in its behaviour to potassium cyanide,
and in this respect differs very markedly from nickel. When
a solution of potassium cyanide is added to one of a salt of
cobalt a precipitate of the cyanide is produced, which readily
dissolves in excess of potassium cyanide solution, This solu-
tion still shows the properties of an ordinary cobalt salt, and
yields a black precipitate of the higher hydroxide with sodium
hypochlorite solution, whilst when a drop of hydrochloric acid
is added, the excess of potassium cyanide is decomposed and
the cobaltous cyanide precipitated.

A solution of a nickel salt behaves in precisely the same
manner. If, however, a drop of acetic acid be added to each
of the solutions and the liquids boiled, an important difference
is manifested. The cobalt salt absorbs oxygen from the air
and is converted into potassium cobalticyanide, K,Co(CN),,
which corresponds in composition with potassium ferri-
cyanide,—

2Co(CN), + 8KCN + O + H,0 = 2K,Co(CN), + 2KHO.

Like the latter substance it must be regarded as the salt of
a complex acid, since it has reactions which differ entirely from
those of cobaltous cyanide. Thus its solutions do not give
a precipitate with dilute hydrochloric acid nor with sodium
hypochlorite. The salt crystallises in yellowish prisms and is
isomorphous with potassium ferricyanide.

The nickel solution, on the other hand, is not altered by
boiling, so that when a mixture of the two salts is treated as
described above, the whole of the nickel can be precipitated
by bleaching powder, whereas the cobalt remains in solution.
This method is therefore frequently used for the analytical
separation of cobalt from nickel, and also for the purification of
cobalt salts from nickel. The cobalt can be obtained from the
clear liquid from which the nickel hydroxide has been filtered,
by evaporating down to dryness, heating strongly, and then
washing with water and redissolving the residue in hydro-
chloric acid.

2 D
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Cobalt Carbonyl, Co(CO), 1s only formed when cobalt
is heated with carbon monoxide under a high pressure. It is
solid at the ordinary temperature, forming red crystals which
melt at 42°. Like nickel carbonyl it decomposes when heated
into the metal and carbon monoxide.

Detection of Cobalt.—Cobalt, like nickel and iron, is
obtained as a magnetic powder when its compounds are reduced
on charcoal with potassium cyanide, The powder dissolves in
nitric acid, forming a solution which leaves a pink stain on
evaporation, All compounds of cobalt colour a borax bead an
intense blue both in the oxidising and reducing flames.

Cobalt sulphide is obtained in the ordinary analytical pro-
cess along with that of nickel as described above (p. 397).
The two sulphides are then dissolved i a mixture of hydro-
chloric acid and potassium chlorate, the acid removed by
evaporation and the solution treated with potassium cyanide as
just described.

EXPERIMENT 176.—To a solution of cobalt nitrate add an
excess of potassium cyanide. To two small portions of
this solution add (1) dilute hydrochloric acid—cobalt
cyanide is precipitated ; (2) caustic soda and sodium
hypochlorite—a black precipitate of the trihydroxide
is produced on boiling.

(3) Boil the remainder of the solution with a drop of acetic
acid, and again test with hydrochloric acid and with
caustic soda and sodium hypochlorite—no precipitate
is produced in either case. Repeat these experiments
with a solution of nickel sulphate, and compare the
results obtained.

SUMMARY

Cobalt, like iron and nickel, is a white magnetic metal and unites with
carbon monoxide. It forms two series of salts, the cobalfous salts, which
correspond in composition with the ferrous salts, and the codalfic salts, which
correspond with the ferric salts. The cobaltous salts yield pink solutions,
but are blue in the anhydrous state, and are stable in theair. The chloride,
nitrate, and sulphate are all soluble in water.

The cobaltic salts are extremely unstable, and can only be obtained with .

difficulty.
In addition to the oxides CoO and Co,04 cobalt forms an oxide
Co,0,, which is produced when either of the other oxides is heated in the air.
Like iron, cobalt readily forms complex cyanogen compounds, the most
important of which is potassium cobalticyanide, K ,Co(CNJ,.

P | L
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General properties of the Metals of the Iron Group

Iron, nickel, and cobalt resemble each other very closely,
especially in their physical properties. Thus these three
metals are all magnetic, and are the only metals which
possess this property. They are, moreover, all white metals,
melt at a high temperature when pure, and have nearly the
same specific gravity. In their chemical properties, also, these
metals show a close analogy ; they all form'a series of salts of
the formula MR’,, the sulphates and chlorides being readily
soluble in water. The ferrous salts, however, are very readily
converted by oxidation into the ferric salts, FeR’,, whilst the
cobaltous salts can only be converted into the corresponding
cobaltic salts, CoR’,, with considerable difficulty, and no nickel
salts of the formula NiR’, are known. All three metals unite
with carbon monoxide to form characteristic volatile carbonyl
compounds.

Both iron and cobalt form complex cyanogen derivations,
whilst nickel forms no compounds of this class.

A remarkable fact is that these three metals, which are so
similar in general properties, have almost the same atomic
weight, and do not, like the members of other groups of
elements, such as silicon, tin, and lead, etc., differ considerably
in atomic weight (see p. 444).

EXERCISES oN LEsson XXXIV

1. Describe the mode of occurrence and the manufacture of metallic
nickel. For what purposes is the metal used ?

2. How would you prepare a specimen of pure nickel ammonium
sulphate from German silver ?

3. What occurs when the following substances are added to a solution
of cobalt chloride : () concentrated hydrochloric acid ; (#) caustic soda ;
(¢) bleaching powder solution ; (#) ammonium sulphide ?

4. Give a short account of the chief oxides of nickel and cobalt, stating
the action of hydrochloric acid on each of them.

5. Describe a method for the separation of nickel from cobalt.

6. 5.109 grams. of cobaltous bromide were found to yield 1. 377 grams.
of metallic cobalt on reduction in hydrogen. Calculate the equivalent of
cobalt, the equivalent of bromine being 79.92.

7. Describe the preparation and properties of nickel carbonyl.

8. Compare the physical and chemical properties of iron, nickel, and
cobalt.
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Chromium, OCr, 52.0

CHROMIUM belongs to a group of elements which also contains
the metals molybdenum, tungsten, and uranium, all of which
are described in this work. In its chemical relations it shows
considerable resemblance to manganese and iron, whilst, like
sulphur, it combines with three atoms of oxygen to yield an
acid-forming oxide (see p. 406).

Nearly all the compounds of this element have a brilliant
colour, and hence the metal has received its name from the
Greek word for colour (chroma).

The chief source of the chromium cnmpnundﬁ is a heavy
black mineral known as chrome iron ore, which is a compound
of ferrous oxide and chromium sesquioxide, and has the
formula FeCr,O s When the finely powdered mineral is
mixed with potassium carbonate and lime, and heated strongly
and well stirred in a current of air—a process which is usually
carried out on the bed of a reverberatory furnace—a yellow
mass is obtained. When this is extracted with water a yellow
solution is formed, whilst a residue of ferric hydroxide and
other insoluble matter 1s left behind. This solution on
evaporation yields a salt, which crystallises in pyramids of
exactly the same shape as those of potassium sulphate, and
this is known as potassium chromate. This substance may
serve as the starting-point for our study of the chromium
compounds, although for practical reasons, which will shortly
be explained, it is not actually manufactured directly from
chrome iron ore.

The following experiments may serve to give a general idea
of the behaviour of the chromium compounds.
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1. Potassium chromate is a salt derived from chromic acid,
which is decomposed by sulphuric acid, yielding an acid-forming
oxide, chromium trioxide.,

EXPERIMENT 177.—Dissolve 25 grams. of potassium
chromate in 100 cc. of water, and use 10 cc, for each of
the following experiments :—

1. Add caustic soda—no change occurs.

2. Gradually add 10 cc. of concentrated sulphuric acid,
shaking after each addition and then cool—red crystals
separate out, which must be drained on a porous plate
or filtered through asbestos.

3. Dissolve the crystals in water, neutralise with caustic
potash and evaporate—potassium chromate is left.

2. Potassium chromate is a strong oxidising agent, and is
converted by reducing agents into green salts, which are
derived from a basic oxide.

EXPERIMENT 178.—1. Heat some crystals of potassium
chromate with concentrated hydrochloric acid—chlorine
1s evolved and a green solution formed.

2. Add to a solution of potassium chromate 5 cc. of dilute
sulphuric acid and a crystal or two of sodium sulphite
and boil—the solution becomes green. To this liquid
add caustic soda gradually until just alkaline—a greenish
precipitate 1s formed which is readily soluble in dilute
acids,

3. The basic oxide is stable in the air, but can be re-
converted by oxidation into the acid-forming oxide or the
salts derived from it.

EXPERIMENT 179,—Filter off a little of the hydroxide
obtained above, dry it in a small crucible over the
flame, add some potassium carbonate and nitrate, and
fuse—a yellow mass soluble in water containing potassium
chromate is formed.

Atomic Weight of Chromium — Formula of the
Chromium Compounds.—The composition of the salts of
chromium which are derived from the basic hydroxide has
been ascertained by analysing the chloride in the usual way
by means of silver nitrate, and it has thus been found that the
equivalent of the metal in this salt is 17.33. The atomic
weight of chromium is found by the specific heat method to be
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6.4
0.1208
taken to be 3x 17.33=752.0, The empirical formula of the
chloride is therefore CrCl,, whilst that of the hydroxide is
Cr(OH),, and that of the oxide obtained by heating it is
Cr,O,.

The composition of the acid-forming oxide is ascertained
by determining how much oxygen it loses when it passes into
the lower oxide, and it has been found that in this change it
loses exactly half of its oxygen, The acid-forming oxide must
therefore have the composition [Cr,O, 4 30] or Cr,0, or more
simply CrO,. The corresponding acid, chromic acid, is
H,CrO,, and from this the chromates are derived.

about =53, and hence the correct atomic weight is

Metallic Chromium

Metallic chromium is formed when the sesquioxide is very
strongly heated with carbon, the process being best carried
out in the electrical furnace. It may also be prepared by the
“thermite ” process (p. 315), the oxide being mixed with an
equivalent amount of finely divided aluminium and ignited,—

CI‘HOS + 2Al = fimlﬂtflll3 4 2Cr.

When once started the reduction proceeds rapidly with great
evolution of heat and produces a fused mass of almost pure
metallic chromium. An alloy with iron, known as ferro-chrome,
1s made on the large scale from chrome iron ore by one of
the above methods, and is used for the production of a very
hard chrome steel which is specially suitable for the manu-
facture of projectiles.

Chromium is a white metal, which has the specific gravity
6.92, is extremely hard, and only melts at a very high tempera-
ture. It dissolves readily in hydrochloric acid, hydrogen
being evolved and chromic chloride, CrCl,, being produced.

Chromium Trioxide and the Chromates

Chromium Trioxide, CrO,, is prepared by acting on
potassium bichromate with strong sulphuric acid,—

K,Cr,0.+4+2H,50,=2KHS0, 4 2CrO, + H,0.
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EXPERIMENT 180.—Powder 30 grams., of potassium bi-
chromate, add 50 cc. of water and 42 grams. of
concentrated sulphuric acid ; allow to stand and pour
off the solution from the potassium hydrogen sulphate
which separates out. Warm the clear liquid and add
15 grams. of concentrated sulphuric acid, allow to stand
and decant the clear liquid. The red crystals attack
paper, and must therefore be drained through asbestos
or a porous plate. They may be purified by being
washed on an asbestos filter with fuming nitric acid,
and then placed in a tube and gently warmed in a
current of air dried by sulphuric acid to expel the nitric
acid.

Chromium trioxide forms red crystals which decompose on

heating, oxygen being evolved, and the basic green sesquioxide,
Cr,0,, being produced,—

4CrO, = 2Cr,0, + 30,.

The trioxide acts as a very powerful oxidising agent, and
several instances of this have already been given. When
absolute alcohol is allowed to drop on to the pure trioxide,
the alcohol takes fire and a green mass of the lower oxide,
Cr,0,, 1s left.

EXPERIMENT 181.—Heat a few crystals of chromium tri-
oxide in a test-tube—oxygen is evolved (test by glowing
splint), and the green sesquioxide is left,

Chromic Acid, H,CrO,, is formed when the trioxide 1s
warmed with a small amount of water, and like the oxide
crystallises in red needles.

The chromates are derived from this acid and are yellow
or reddish coloured, those of the alkali metals being the only
ones which are soluble in water, More complex salts are
also known which are termed é&ichromates, and are derived
from bichromic acid, H,Cr,O., which has not, however, been
isolated.,

The bichromates are formed by the addition of the requisite
amount of an acid to the chromates, chromium trioxide being
thus formed which unites with the excess of the chromate,—

H,SO0, + 2K,CrO, = K,Cr,0; + K,SO, + H,0.



408 CHROMIUM . LESSON XXXV

They are converted by the action of alkalis into the
chromates,—

2KHO + K,Cr,0. = 2K,Cr0, + H,0.

When hydrogen peroxide and sulphuric acid are added to
a solution of potassium chromate, a deep blue coloured
solution is formed, which contains an acid derived from a
peroxide of chromium. The blue compound dissolves in
ether and its production may be used as a test for the presence
either of chromic acid or hydrogen peroxide.

EXPERIMENT 182.—To 10 cc. of potassium chromate
solution (p. 405) add 1 cc. of concentrated sulphuric
acid. Notice the change in colour from yellow to red.
Cool and stir—a thick precipitate of yellowish - red
crystals of potassium bichromate is produced. Filter,
dissolve the precipitate in water, and add caustic potash
—the colour changes back to yellow, potassium chromate
being reformed.

Potassium Chromate, K,CrO,, is prepared by the
action of caustic potash on potassium bichromate, and forms
readily soluble yellow crystals, which are isomorphous with those
of potassium sulphate,

Potassium Bichromate, K,Cr,0,, is prepared directly
from chrome iron ore by adding sulphuric acid te the solution
obtained by extracting the fused mass of chrome iron ore and
potassium carbonate with water (p. 404). It is only sparingly
soluble in water, and hence can readily be purified by re-
crystallisation. It is for this reason, and because it contains a
higher percentage of chromium, that this salt is manufactured
instead of potassium chrotate,

When heated with concentrated hydrochloric acid it yields
chlorine and a mixture of potassium chloride and chromic
chloride,—

K,Cr,0, + 14HCI =2KCl + 2CrCl; + 7H,0 + 3Cl,.

It 1s' largely used as an oxidising agent. In all such reactions
the chromium may be regarded as passing from the state of
trioxide to that of sesquioxide,—

2CrO; = Cr,0,4 + 30

et i et
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so that 3 atoms of oxygen become available for oxidising
purposes when two molecules of CrO,4 or one of K,Cr,0O. are
employed. '

Ammonium Bichromate, (NH,),Cr,0., resembles the
potassium salt in appearance. When it is heated a remarkable
decomposition occurs, -the ammonia being oxidised to nitrogen
and water, whilst green chromium sesquioxide is left behind as
a very bulky mass.

Lead Chromate, PbCrO,, is a yellow precipitate which
is obtained by adding lead acetate to potassium bichromate
solution,—

2PbCrO, + 2K(C,H,0,) + 2C,H,0,.

It 1s used as a paint under the name of ckrome yellow. The
salts of zinc and bismuth are also used as yellow paints.
Silver Chromate, Ag,CrO,, is a red powder.
Estimation of Iron by Means of Potassium Bi-
chromate.—A solution of potassium bichromate is often
employed for the estimation of iron in the ferrous state. When
a solution of a ferrous salt is acidified with hydrochloric acid
and treated with potassium “bichromate solution, the latter is
reduced and the ferrous salt is converted into a ferric salt,—

K,Cr,0, + 6FeCl, + 14HCl=2K(l + 2CrCl, + 6FeCl, + 7H,0.

When the oxidation is complete the solution no longer contains
a ferrous salt, and therefore gives no blue coloration with
potassium ferricyanide, so that this substance can be used as
an indicator.

A standard solution of potassium bichromate is made,
i litre of which is capable of oxidising 5.585 grams. of iron
from the ferrous to the ferric state, and therefore, as is seen
from the following equation,—

2FeO + 0 = FE__,:OSF,

contains 0.8 grams. of available oxygen.

Since the molecule of potassium bichromate weighing 294.2
contains, as we have seen, 3 atoms of available oxygen
weighing 48, it is necessary for this purpose to weigh out
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204.2 X 0.8
48
it in water and make it up to 1 litre of solution.

The ferrous solution is then placed in a beaker, hydrochloric
acid is added, and the potassium bichromate is then run in
slowly from a burette. The potassium ferricyanide is not
added to the solution, but drops of a dilute solution of the salt
are placed on a white tile, and a drop of the liquid which is being
titrated is removed from time to time on the end of a glass rod
and added to one of them. As long as any ferrous salt is still

= 4.903 grams, of potassium bichromate, dissolve

present a blue coloration is produced. As soon as this is no

longer the case the oxidation is complete.

Thus, supposing that 25 cc. of a solution of an iron salt
require 20 cc. of the bichromate solution for complete oxida-
tion, it follows that 20 x 0.005585=o0.1170 grams. of iron
are present in the ferrous state in the 25 cc. taken for the
experiment,

EXPERIMENT 183.—Prepare a standard solution of potas-
sium bichromate, and by its aid ascertain the percentage
of iron in ferrous ammonium sulphate,

Chromium Oxychloride, or Chromyl Chloride,

CrO,Cl,, is formed when a chromate is distilled with common
salt and concentrated sulphuric acid,—

K,CrO, + 4HCl = Cr0,Cl, + 2K + 2H,0.

It is a dark-red liquid which boils at 115.9°, and has the
vapour density 77.5, which corresponds with the molecular
formula given above. It is a very powerful oxidising agent,
and is at once decomposed by water, with formation of chromic
and hydrochloric acids, whilst alkalis form the corresponding
salts,—

Cr0,Cl, + 4NH,HO = (NH,),CrO, + 2NH,Cl + 2H,0.

Bromine and iodine do not form similar compounds, the
elements themselves being set free when a bromide or iodide is
distilled with sulphuric acid and potassium bichromate. The for-
mation of chromium oxychloride is therefore often used as a test

for the presence of a chloride in presence of a bromide or iodide.

If a chloride be present, the distillate yields a yellow solution
of a chromate when excess of caustic soda is added, whereas
bromine and iodine dissolve, forming colourless solutions.

|
|
|
i
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EXPERIMENT 184.—Place a well-ground mixture of g
grams. of potassium chromate and 2.5 grams. of sodium
chloride in a small retort, add 10 grams. of concentrated
sulphuric acid and heat gently, collecting the distillate
in a small dry flask, A dark-red fuming liquid passes
over. Pour a drop of this on a glazed tile and add a
drop or two of alcohol. The latter takes fire and burns
with a bright flame. To the remainder add water, and
test the yellow solution produced for chromic and hydro-
chloric acids.

Chromium Sesquioxide, Cr,0,, and the Chromic
Salts

Chromic sesquioxide and the chromic salts correspond in
composition with the ferric salts of iron, but can only be
reduced with great difficulty. They are prepared by the reduction
of the chromates. The salts have a blue or violet colour,

Chromium Sesquioxide, Cr,0,, is usually prepared by
heating solid potassium bichromate with a reducing agent such
as sulphur or ammonium chloride, and washing the residue. It
1s a green powder, which like alumina is practically insoluble
in acids after it has been strongly heated, and thus rendered
crystalline, but dissolves when it has only been gently heated.
It is used as a green paint and in the preparation of green
glass, etc.

Chromic Hydroxide, Cr(OH),, is formed as a pale-blue
precipitate when ammonia is added to a solution of chrome
alum in cold water. Caustic soda produces a green precipitate
soluble in excess, forming a sodium compound analogous to
sodium aluminate (p. 317).

Chromic Chloride, CrCl,, is prepared by heating a
mixture of the oxide and charcoal in a stream of chlorine,—

Cr,0, 4+ 3C + 3Cl,=2CrCl, + 3CO.

It forms peach-blossom coloured plates, and volatilises at a very
high temperature ; the density of its vapour at 1200° is 79.2,
and its molecular formula therefore is CrCl,, The anhydrous
chloride is almost insoluble in water, but a soluble crystalline
hydrated salt, CrCl, + 6H,0, may be prepared by dissolving
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the h}*drﬁxide in hydrochloric acid and evaporating the green
solution, or by heating chromium trioxide with hydrochlorie
acid,—

2CrO4 + 12HCl = 2CrCl, + 3Cl, + 6H,,0.

Chromic Sulphate, Cr,(S0,),+18H,0, crystallises in
blue octahedra, and 1s formed by dissolving the hydroxide in
sulphuric acid. Like aluminum sulphate and ferric sulphate
it forms an alum with potassium sulphate.

Chrome Ailum, K,S0,+Cr,(80,),+24H,0, is best
prepared by acidifying a Sﬂlutlﬂn of potassium bichromate with
sulphuric acid and treating it with methylated spirit, which is
oxidised at the expense of the oxygen of the bichromate. The
reduction may also be carried out by passing sulphur dioxide
into the solution,—-

K,Cr,0, + H,SO, + 350, = K,SO, + Cr,(SO,), + H,0.

EXPERIMENT 185.—Dissolve 10 grams. of potassium bi-
chromate in 50 cc. of water and add 5o cc. of dilute
sulphuric acid. Cool and gradually add alcohol, cooling
after each addition. Chrome alum crystallises out on
standing in flat distorted octohedra.

Chrome alum forms violet crystals, and yields a violet solu-
tion in cold water, which becomes green on heating. It is
often produced in the preparation of certain colouring matters
by the reduction of potassium bichromate, and is also found in
the cells of exhausted bichromate batteries (p. 304).

Chromic Sulphide, Cr,S,, i1s formed when the metal is
heated with sulphur. It is not produced by the action of
ammonium sulphide on a chromic salt, the hydroxide being
precipitated and sulphuretted hydrogen liberated, exactly as
occurs with aluminium salts,—

2CrCl, + 3(NH,),S + 6H,0 =6NH,Cl + 2Cr(OH), + 3H,S.

The Chromous Salts

Chromium forms a second series of salts, CrR’y, corre-
sponding in composition with the ferrous salts. These are
formed by the reduction of the chromic salts, and are known

i s 8. i . et it
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as the chromous salts, being derived from the oxide CrO.
They are very unstable and rapidly absorb oxygen from the
air, chromic salts being produced.

Chromous Chloride, CrCl,, is prepared by reducing
potassium bichromate with zinc and hydrochloric acid. It is
a bright-blue crystalline salt, which instantly absorbs oxygen
when it is exposed to the air, and can be used for removing
the last traces of oxygen from nitrogen or hydrogen. In
presence of hydrochloric acid it is at once converted by oxygen
into chromic chloride,—

4CrCl, + 4HCl1 + O, =4CrCl; + 2H,0.

This can readily be demonstrated by placing 30 grams. of
zinc in a flask fitted for the preparation of hydrogen, adding
50 cc. of a saturated solution of potassium bichromate, and
then pouring in 50 cc, of concentrated hydrochloric acid. As
soon as the first violence of the reaction has moderated insert
an india-rubber stopper fitted with a tube-funnel and delivery
tube, so as to prevent the access of oxygen to the flask.
After about five minutes the liquid in the flask becomes bright
blue and then contains chromous chloride. If another 50 cc.
of the potassium bichromate be reduced to chromic salt with
sulphurous acid and the two be compared, the contrast
between the green chromic salt and the blue chromous salt is
well seen. When a few cc. of the blue solution are poured
into a test-tube and shaken in the air the liquid rapidly
becomes green.

Detection of Chromium

All chromium compounds impart a green colour to the
borax bead both in the oxidising and reducing flames.

Chromic acid is recognised by the formation of the charac-
teristic salts of lead and silver, and by the fact that it is readily
reduced to the green chromic salts.

The chromic salts give a precipitate of the hydroxide with
ammonia and ammonium sulphide. The hydroxide is con-
verted by a boiling solution of sodium hypochlorite into
sodium chromate, which is also formed when it is fused with
sodium carbonate and sodium nitrate.
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Molybdenum, Mo, 96.0 ; Tungsten, W, 184.0; and
Uranium, U, 238.5

These three elements, which all belong to the chromium
group, can only be very briefly mentioned here,

Molybdenum occurs chiefly as the su/phide, MoS,. The
trioaide, MoO,, is a white powder and like chromium trioxide
is an acid-forming oxide and yields an acid; H,MoO, and a
series of molybdates.

Ammonium meclybdate is largely used as a reagent for
phosphoric acid, with which it produces a yellow precipitate of
complex composition. The molybdates are reduced by zine
and hydrochloric acid with formation of blue lower oxides,

Tungsten occurs as iron tungstate in the mineral wolfram,
from which the symbol of the element is derived. The metal
melts at a very high temperature, 2800°, and conducts
electricity badly, and is on account of these properties used for
the production of filaments for incandescent electric lamps.
The oxide, WO,, yields .f.rm.gﬁrz’;'-:: acid, H,WO,, and a series of
tungstates, The sodium salt is 50]11!)]& an-::l is emplnyed for
rendering various textile fabrics non-inflammable,

Uranium occurs in pitc-blende as an oxide, U,O,. It also
yields a trioxide, UO,, which forms a series of uranates with
bases, whilst with acids it yields the yellow fluorescent Urany!
salts, such as the nizrate, UO,(NO,),. The acetate,UO,(C,H,0,),,
is employed for the volumetric estimation of phosphates.
Uranium has the highest atomic weight of the known elements
and is radio-active (see p. 462).

SUMMARY

Chromium is a white metal which fuses at a high temperature and
forms stable compounds which are not easy to reduce.

It forms several oxides, the highest of which, chromium trioxide, CrO,,
is an acid-forming oxide, whilst chromic oxide, Cr,0; and chromous
oxide, CrO, are basic oxides.

Chromic acid }i(.ll’!E numerous stable salts, the ckromates, R'yCrO,, and

the bickhromates, R'yCr,0..

The chromic saits, CrR’,, are formed by the leducllon of the chromates,
and can be reconverted into these by oxidation. ‘They are usually green
or violet ; the sulphate forms **alums" with the alkali sulphates.

3
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T]-]e chromous salts, CrR’E, are blue in colour and are formed by the
reduction of the chromic salts. They readily absorb oxygen and are recon-
verted into chromic salts.

EXERCISES ON LESSON AXXV

1. Describe the preparation of potassium bichromate on the large scale.

2. How can metallic chromium be prepared, and what are its properties?

3. What is the action of (a) hydrochloric acid, (#) sulphurous acid,
(¢) ferrous sulphate and hydrochloric acid, on potassium bichromate ?

4. How would you prepare the following substances from potassium
bichromate : () chromium trioxide, (#) chromium oxychloride, (¢) chromous
chloride, (#) chrome alum, (¢) lead chromate ?

5. Give a short account of the chief chromic salts.

6. How much chrome alum could be obtained from 1 ton of chrome
iron ore containing 7o per cent of chromium sesquioxide ?

7. How much potassium bichromate is contained in a litre of solution
of which 1 ce. contains o.o0008 gram. of available oxygen?

8. 1 gram. of a substance containing iron in the ferrous state is dis-
solved in water and diluted to 100 cc. =25 ce. of this solution require
10 cc. of potassium bichromate solution (1 cc. =o0.0008 gram, available
oxygen) for titration. Calculate the percentage of iron present as ferrous
salt in the original substance,

g. 50 cc. of a solution containing 7 grams. of ferrous ammonium
sulphate in goo cec. are required to reduce 25 ce. of a solution of chromic
acid. How much .chromic trioxide is present. in a litre of the latter
solution ?

10. How would you attempt to prove experimentally that chromium
trioxide loses half its oxygen when it is reduced to chromium sesquioxide ?

i1. Contrast the properties of compounds of chromium with those of
the compounds of iron,
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Manganese, Mn, 54.93

THE chemistry of manganese is even more complicated than
that of chromium since the metal forms a large number of
oxides, some of which act as basic oxides, others as acid-
forming oxides, and others again as peroxides.

The element occurs chiefly in the form of the dioxide or
black oxide of manganese, MnO,, as the mineral pgyrolusite,
but is also found as a compound of this with baryta, as the
mineral psilomelane, BaMnO,, and in the form of the oxides
braunite, Mn,O,, and hausmannite, Mn,0,.

The black oxide actually serves as the source of nearly all
the manganese compuunds, and may, therefore, be taken as
the starting-point in our study of these.

1. The black oxide is not strongly ac;d—formmg or strongly
basic, and is, therefore, not dissolved either by dilute acids or
alkalis. :

EXPERIMENT 186.—In this and the following experiments
the finely divided artificial oxide should be used, as it is
more readily acted on than the denser mineral.

Treat small separate portions of the oxide with dilute
hydrochloric and nitric acids and with dilute caustic
soda solution—no action occurs,

2. When the oxide is treated with concentrated hydrochloric
acid part of the oxygen oxidises the acid, free chlorine being
produced along with a chloride of manganese cnrrespnndmg to
a lower oxide.

EXPERIMENT 187.—Heat about 0.5 gram. of the oxide in a

test-tube with concentrated hydrochloric acid and test
the gas evolved for chlorine. Boil off all the chlorine,
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filter, and add caustic soda. A white precipitate insoluble
in excess is produced, which consists of the hydroxide,
Mn(OH),, corresponding with the lower oxide, MnO.
This soon becomes brown on standing from absorption
of oxygen. In the presence of iron, a frequent impurity
of manganese dioxide, the precipitate contains ferric
hydroxide and is slightly brown to commence with.

3. The black oxide of manganese is capable of further
oxidation and thereby yields an acid-forming oxide, which
forms green salts with solutions of caustic potash. These salts
correspond with the trioxide, MnO.,,.

EXPERIMENT 188.—Place 2 grams. of caustic potash and
o.25 gram. of the black oxide in a crucible, heat over
the flame and add a few crystals of potassium nitrate or
potassium chlorate at intervals to act as an oxidising
agent. When cold extract with 10 cc. of cold water,
and notice the dark-green alkaline solution which is
obtained.

4, This green salt is very unstable, and is readily converted
into a pink salt, known as potassium permanganate, KMnO,,
which corresponds with a still higher oxide, Mn,O..

EXPERIMENT 189.—1. To a few drops of the clear green
solution add 100 cc. of water—a pink solution is formed.

2. Allow some of the solution to stand in the air for some
time—the liquid becomes pink and a dark-brown pre-
cipitate is formed.

3. Acidify some of the solution with dilute sulphuric acid
—the liquid becomes pink.

These changes are described in detail later on (p. 421), but
without discussing their nature at present, it is sufficient to
notice that these experiments afford evidence that whilst the
black oxide of manganese itself is not possessed of strong
acid-forming or basic properties, the lower oxide i1s basic and
forms salts with acids, and the higher oxides are acid-forming
and yield salts with bases.

Metallic Manganese and the Manganous Salts

Metallic manganese is not prepared on the large scale,
although its alloys with iron, ferromanganese and spiegeleisen

2 K
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or spiegel 7ron, are largely used in the manufacture of steel
(p.- 379). The oxides are reduced when they are heated with
carbon to whiteness or when mixed with aluminium and ignited,
whilst the chloride is decomposed by sodium or magnesium, so
that the metal can be prepared on the small scale by both of
these methods as well as by electrolysis.

Manganese has a gray colour, is very hard and brittle, has
a specific gravity of about 8, and melts at 1245°." It oxidises
easily in the air when pure, decomposes water very slowly in the
cold, and readily dissolves in dilute acids, forming the man-
ganous salts. These salts are almost colourless, but possess
a faint pink tint, whilst in their general properties they resemble
the salts of nickel and cobalt or ferrous iron. The chloride,
nitrate and sulphate are readily soluble in water, whilst the
carbonate and phosphate are insoluble in water.

Equivalent of Manganese and Formulse of the
Manganous Salts.—The analysis of manganous chloride
shows that the equivalent of the metal in this salt is 27.465,
whilst the atomic weight is found from the atomic heat to be
about 52, Hence the correct atomic weight is taken as 54.93,
and the formula of the chloride is MnCl,, the corresponding
oxide being MnO, i

Manganous Oxide, MnO, is a grayish powder, and is
formed by heating any one of the other oxides in a current of
hydrogen. When heated in the air it forms the oxide Mn,0,,
which is the final product when any of the other oxides is
submitted to this treatment. |

Manganous Hydroxide, Mn(OH),, i1s produced as a
white precipitate when caustic soda 1s added to a manganese
salt, and 1s insoluble in excess of caustic soda, but easily
soluble in acids. It readily absorbs oxygen from the air, the
sesquioxide, Mn,O, being produced. In the presence of
ammonium salts the hydroxide 1s not immediately precipitated
by alkalis, so that in this respect manganese resembles
magnesium.

EXPERIMENT 1go.— 1. To 5 cc. of a.10 per cent
solution of manganous sulphate, add excess of caustic
soda solution. A white precipitate is produced which
rapidly becomes brown, especially when shaken up in
the air. The best result is obtained by boiling both
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solutions before mixing them, so as to remove dissolved
oxygen. ;

2. To 1 cc. of a solution of manganous sulphate add a
large excess of ammonium chloride solution, and then
add caustic soda solution drop by drop. No precipitate
1s at first produced, but the hydroxide gradually
separates out. :

Manganese Chloride, MnCl, is formed in solution

when the black oxide, or any of the other oxides, is boiled
with hydrochloric acid,—

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

It is best prepared from the residual liquid obtained in the
preparation of chlorine. This always contains iron, which may
be removed by precipitating a portion of the manganese as
carbonate and leaving it in contact with the solution. Under
these circumstances the iron is precipitated as ferric hydroxide,
whilst some of the manganese carbonate is redissolved.

EXPERIMENT 1g9I1.—Evaporate the residual liquid obtained

in the preparation of chlorine from manganese dioxide
and hydrochloric acid to dryness. Dissolve in hot
water, filter and remove one-tenth of the clear solution.
To this tenth add sodium carbonate in slight excess,
filter and wash the precipitated manganous carbonate,
and then add it to the bulk of the solution and warm
gently for some time on the sand-bath. As soon as a
few drops of the clear liquid no longer produce a black
precipitate with ammonium sulphide all the iron has
been precipitated. Filter, evaporate to small bulk, and
allow to crystallise.

The chloride crystallises from water in pink crystals of the
formula, MnCl, + 4H,0,

Manganese Sulphate, MnSO,, is formed when man-
ganese dioxide is heated with concentrated sulphuric acid,
oxygen being evolved,—

2MnO, + 2H,50, = 2MnSO, + 2H,0 + O,
It is a pink salt, and crystallises with five molecules of

water. Like the sulphates of nickel, cobalt, and iron, it forms
double salts with the alkali sulphates.
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Manganous Sulphide, MnS, is formed as a pink or
flesh-coloured precipitate when ammonium sulphide is added to
a solution of a manganous salt, and 1s easily soluble in
hydrochloric acid.

Manganous Nitrate, Mn(NO,),, resembles the sulphate
and chloride in appearance.

Manganese sesquioxide, Mn,O,, and the Manganic
Salts.

When manganous hydroxide is exposed in the moist state
in the air 1t is converted into manganic hydroxide, Mn(OH),,
which is a brown mass resembling hydrated manganese dioxide
in appearance. The corresponding oxide, Mn,O,, occurs as the
mineral braunite, and is formed when manganese dioxide is
heated in an atmosphere of oxygen. It acts as a feebly basic
oxide, but the salts derived from it are extremely unstable.

Manganic Chloride, MnCl,, probably exists in the dark-
coloured solution which is produced when manganese dioxide
is dissolved in concentrated hydrochloric acid. When this
liquid is heated the salt decomposes and manganous chloride
and free chlorine are formed,—

2MnO, + 8HCl = 2MnCl,; + Cl, + 4H,0
2MnCl, = 3}1“':12 + CL,.

Manganic Sulphate, Mn,(S0O,),, is formed by the action
of sulphuric acid on manganese dioxide at 138°. It is a
green powder and is extremely unstable.

Red Oxide of Manganese, Mn,O,, is formed as a red
powder when any of the other oxides 1s heated in the air. It
does not form any corresponding salts, but behaves towards
acids in many respects like red lead. Thus nitric acid
produces manganese dioxide and manganous nitrate,—

Mn,O, + 4HNO, = MnO, + 2Mn(NO,), + 2H,0,

whilst with hydrochloric acid it yields chlorine and manganous
chloride.

Manganese Dioxide, MnO,, occurs as the mineral pyro-
lusite, which serves as the source of nearly all the manganese
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compounds. It is best prepared by heating manganous
nitrate at 150°-160°, and then forms a hard lustrous black
mass. The Aydrated dioxide is formed whenever potassium
permanganate acts as a reducing agent in neutral or alkaline
solution.

EXPERIMENT 192.—To a dilute solution of potassium
permanganate add caustic soda and a few drops of
methylated spirits, and warm. A brown precipitate of
the hydrated dioxide i1s produced.

It does not form salts when treated with acids, but loses

oxygen, which either escapes as gas or acts on the acid,—

MnO, + 4HCl = MnCl, + 2H,0 + CI,
2MnO, + 2H,50, =2MnSO, + 2H,0 + O,,

Manganese dioxide therefore resembles lead dioxide in its
chemical behaviour, and differs from barium dioxide.

The dioxide, however, acts as a weak acid-forming oxide
and yields salts, termed the manganifes, with lime and other
alkalis. The manganese mud obtained in the treatment of
chlorine residues in Weldon’s process (p. 177), contains a
manganite of calcium, and is not free manganese dioxide,

The Manganates and Permanganates

It has already been mentioned that when manganese
dioxide is heated with caustic potash and an oxidising agent,
a green salt known as potassium manganate is formed,—

MnO, + 2KHO + O = K,MnO, + H,0.

This salt i1s extremely unstable, and can only exist in the
presence of a large amount of caustic alkali. When this 1s
removed the salt undergoes a remarkable decomposition, a
portion of the manganese being precipitated as manganese
dioxide, whilst the remainder is converted into potassium
permanganate, which is purple coloured,—

3K,MnO, + 2H,0 =2KMnO, + MnO, + 4KHO.

This change occurs, therefore, whenever a sufficient quantity
of an acid is added to the green alkaline solution ; such weak
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acids as carbonic acid and acetic acid being capable of
bringing about the change. The green solution also becomes
pink when largely diluted with water (Experiment 189).

Potassium Manganate, K ,MnO,, can be obtained in
crystals by evaporating the green solution in a vacuum, and
these have the same form as those of potassium sulphate,
with which they are isomorphous. The manganates are also
formed by the partial reduction of the permahganates in
alkaline solution, and are produced when potassmm perman-
ganate 1s heated gently,—

2KMnO, = K,MnO, + MnO, + O,.

EXPERIMENT 193.—1I. To a strongly alkaline solution of
potassium permanganate gradually add dilute sodium
thiosulphate solution. A green solution of potassium
manganate 1s formed.

Heat some crystals of potassium permanganate in a
test-tube, cool, and extract with cold water. A green
solution is obtained.

The manganates are derived from manganic acid, H,MnO,,
which has not been prepared in the free state. The
corresponding oxide, manganese trioxide, MnO,, is a pink
deliquescent mass obtained by dropping a solution of potassium
permanganate in sulphuric acid on to potassium carbonate,
When brought into contact with water it does not form
manganic acid as might have been expected, but yields per-
manganic acid and manganese dioxide,—

3MnO, + H,0 =2HMnO, + MnO,,

b

Potassium Permanganate, KMnO,, is prepared by
heating caustic potash with manganese dioxide and an oxidis-
ing agent, such as potassium chlorate. The green mass is
extracted with water, and the resulting green solution 1s allowed
to stand until it becomes pink, and is then poured off from the
deposit of manganese dioxide and evaporated. It is also
possible to neutralise partially with sulphuric acid and
evaporate the clear liquid.

The salt is isomorphous with potassium perchlorate, KCIO,,
and crystallises in long, almost black prisms having a metallic
lustre and forming a purple-coloured solution in water. When
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this solution 1s acidified no change occurs in appearance, but
the liquid now contains permanganic acid, HMnO, which
decomposes slowly with formation of manganese dioxide and
liberation of oxygen.

Potassium permanganate is a very powerful oxidising agent,
and is often used as a disinfectant, although it is not so
efficacious as some others because it is so easily reduced.
Condy’s fluid, much used for the above purpose, is a solution
of sodium manganate and permanganate made by heating
manganese dioxide with sodium carbonate in shallow vessels
and extracting with water,

Potassium permanganate is largely employed in volumetric
analysis. When acted on by a reducing substance in presence
of sulphuric acid it is reduced to a manganous salt. Thus
when a solution of ferrous sulphate containing free sulphuric
acid is treated with potassium permanganate, the whole of the
iron is converted into ferric sulphate, whilst the manganese
and potassium of the permanganate appear as potassium
sulphate and manganese sulphate,—

2KMnO, + 10FeS0, + 8H,S0, =
K,S0, + 2MnSO, + 5Fe,(S0,), + 8H,0.

Potassium permanganate acts in an analogous way on
oxalic acid, the latter being converted into carbon dioxide and
water,—

2KMnO, + 5C,H,0, + 3H,50, =
Ky,50, + 2MnSO, + 10CO, + 8H,0.

It also liberates iodine from hydriodic acid and oxidises
many organic compounds. In all these oxidations in acid
solution, the manganese may be regarded as passing from the
state of Mn,O, to that of MnO,—

Mn,O, = 2MnO 4+ 50,

so that five atoms of oxygen become available for oxidising
purposes when two molecules of potassium permanganate are
employed.

A standard solution of potassium permanganate is usually
prepared by dissolving the salt in water and then standardising
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the solution by means of a ferrous salt or pure oxalic acid.
The best method of employing iron is to weigh out a known
amount of pure iron wire, and dissolve this in dilute sulphuric
acid in the absence of oxygen. This is effected by placing the
iron and dilute acid in a flask provided with a conducting
tube which dips under water, and adding a small amount of
sodium carbonate before putting in the cork. The air is thus
expelled and the iron dissolved without any danger of the
formation of a ferric salt.

The reaction is carried out by placing the iron solution in
a beaker and adding the permanganate from a burette until
the pink colour is no longer discharged. Thus the per-
manganate solution acts as its own indicator. The strength
of the solution is usually expressed in terms of the amount of
oxygen which is available for oxidising purposes, or of the
amount of iron which it can oxidise from the ferrous to the
ferric state.

Two atoms of iron in the ferrous state require one atom of
oxygen to convert them into the ferric state, as is seen from
the following equation, which relates to the oxides,—

2FeQ + O = FEEOE

Hence if 10 cc. of a solution are required to oxidise o.01
gram. of iron from the ferrous to the ferric state, each cc. is

, : 0.001 % 8
equivalent to oc.oor gram. of ferrous iron, or — 55.85 =

0.000143 gram. of available oxygen.

Oxalic acid is titrated in a similar manner, but the action

proceeds very slowly unless the liquid is heated.

EXPERIMENT 194. — I. Gradually add a solution of
potassium permanganate to one of ferrous sulphate acidi-
fied with dilute sulphuric acid; the pink colour at first
disappears, but finally remains, whilst a ferric salt is
produced (test by ferricyanide of potassium). ;

2. Dissolve 1 gram. of oxalic acid in 50 cc. of water, add
10 cc. of dilute sulphuric acid, and add two or three
drops of potassium permanganate solution. No change
occurs at first, but when the liquid is heated the colour
slowly disappears. Continue adding the permanganate
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solution, and notice that carbonic acid gas is evolved as
the oxidation proceeds.

Standard pemanganate is used for the estimation of iron
and oxalic acid, and in water analysis for determining the
amount of dissolved organic matter.

A remarkable reaction occurs when an acid solution of
potassium permanganate is mixed with hydrogen peroxide.
Both of these powerful oxidising agents are reduced, free
oxygen being evolved, one-half of which is derived from the
potassium permanganate, and the other half from the hydrogen
peroxide,—

2KMnO, 4+ 5H,0, + 3H,50, =
K,50,+2MnSO, 4 50,4 8H,0.

This reaction is often used for the estimation of hydrogen
peroxide, the oxygen which is evolved being collected and
measured, or the volume of a standard solution of potassium
permanganate, which is required for the change, being ascer-
tained,

In alkaline or neutral solution potassium permanganate is
not converted into a manganous salt, but i1s reduced to
manganese dioxide, so that only three atoms of oxygen are
rendered available from two molecules of the salt (Expern-
ment 193), whereas in acid solution five atoms are available
(p. 423). The manganese in this case may be regarded as
passing from the state of Mn,O. to that of MnO,,—

Mn,O.=2MnO, + 30

EXPERIMENT 195.—Add 10 cc, of dilute sulphuric acid to
5 cc. of a solution of hydrogen peroxide, and then add
potassium permanganate solution slowly — oxygen is
vigorously evolved and the pink colour disappears.

Potassium permanganate yields free oxygen when the solid

salt 15 heated alone. When treated with hydrochloric acid it
yitlds chlorine and manganous chloride.,

EXPERIMENT 196.—1. Heat some crystals of potassium
permanganate in a test-tube and test for oxygen by a
glowing splint.

2. Heat some crystals of potassium permanganate with
hydrochloric acid and test for chlorine.
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The manganous salts, into which the permanganates are con-
verted by reduction in acid solution, can be retransformed
by oxidising agents into permanganates. Thus manganese
nitrate 1s at once converted into permanganic acid, when its
solution is boiled with lead dioxide and strong nitric acid. A
deep purple coloured solution is formed, and this reaction is
often used for the detection or estimation of manganese salts,—

6HNO, + 2Mn(NO,), + 5Pb0, =
2HMnO, + 5Pb(NO,), + 2H,0.

Permanganic acid 1s derived from the very unstable /Zep#
oxide, Mn,O,, which is formed by the action of sulphuric acid
on potassium permanganate, but very readily decomposes with
evolution of oxygen.

Detection of Manganese

Manganese compounds do not yield the metal when they
are heated on charcoal with reducing agents, They impart
an amethyst colour to the borax bead in the oxidising flame
(manganic oxide), but the bead becomes colourless in the
reducing flame (manganous oxide). When fused with sodium
carbonate and potassium nitrate they yield a green mass of
a manganate.

The manganous salts yield no precipitate with sulphuretted
hydrogen in acid solution, but the sulphide is precipitated as
a buff coloured mass when ammonium sulphide is added to the
solution. Caustic soda added to the solution of the sulphide
in hydrochloric acid produces a white precipitate of the
hydroxide, which rapidly becomes brown. In the presence
of ammonium salts no precipitate is produced at first by
caustic soda or ammonia, but after standing some time the
hydroxide is slowly deposited.

General Relations of the Manganese Compounds

Manganese is closely related both to iron and chromium,
as is seen by the physical properties of the metal and the
formation of the manganous and manganic salts and the

i e
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manganates. On the other hand, in its higher oxides it has
some analogy with the halogen elements, the permanganates,
RMnO,, being isomorphous with the perchlorates RCIO,.

SUMMARY

Manganese is a gray metal which melts at 1245° and can be prepared
by reducing the oxides with carbon.

It forms a number of oxides, the higher ones being acid-forming and
the lower basic.

Manganese heptoxide is very unstable, and the permanganates which
are derived from the corresponding acid are powerful oxidising agents.

Manganese trioxide is also unstable, whilst the manganates can only
exist in the presence of excess of alkali.

Manganese sesguioxide, Mn,O, is a basic oxide, but the corresponding
salts are unstable and readily pass into the manganous salts.

Aanganese monoxide, MnQO, is a basic oxide and yields stable pink
salts, whilst the oxide itself absorbs oxygen from the air. The sulphate
and chloride are soluble in water,

Manganese also forms the oxides MnO, and Mn,O,, which do not yield
stable salts, although the dioxide has weak acid-forming properties. All
the oxides are converted into MngOy when they are heated in the air.

EXERcISES ON LEssoN XXXVI

1. Describe the chief compounds of manganese which occur in nature.

2. How would you prepare pure manganese sulphate from pyrolusite ?

3. What is the effect of adding the following substances to a solution
of manganese nitrate :—(a) caustic soda, (&) sulphuretted hydrogen, (¢)
potassium sulphide, (&) sodium hypochlorite.

4. How can potassium permanganate be prepared ? What is the effect
of an acid solution of this substance on (a) ferrous sulphate, (#) potassium
iodide, (¢) hydrogen peroxide ?

5. Give a short account of the reactions of potassium manganate.

6. Describe the preparation of manganese dioxide. What is the action
of (@) sulphuric acid, (#) hydrochloric acid, (¢) caustic potash on this sub-
stance ?

7. How much potassium permanganate is required to convert 10
grams. of ferrous sulphate into ferric sulphate ?

8. 25 cc. of a solution of potassium permanganate, of which 1 cc. =
.0008 grams. of available oxygen, are required to oxidise the iron in o.5
gram. of a salt. Calculate the percentage of iron present in the salt.

g. How would you prepare (a) oxygen, (#) chlorine from potassium
permanganate ?



LESSON XXXVII
PLATINUM ; THE GASES OF THE HELIUM GROUP
Platinum, Pt, 195.2

- PLATINUM was not known to the alchemists, but was first
clearly recognised as a new metal in the middle of the
eighteenth century. It occurs in the free state in nature, and
1s found in the same way as gold, and often along with it, in
alluvial deposits and in beds of rivers, from which it is ob-
tained by washing. The chief localities in which it occurs
are the Ural Mountains, Borneo, New South Wales, and
Canada. The native platinum is by no means pure, but con-
tains iron, copper, gold, and a number of other metals, called
the platinum metals, which resemble platinum very closely in
properties and are only present in small quantities.
Properties of Platinum.—Pure platinum has a tin-white
appearance and is one of the heaviest of metals, its specific
gravity being 21.4. It is soft and extremely ductile, so that
it can be drawn out into very fine wire. It only melts at a
very high temperature, about 1710°, and is therefore much
used for vessels which have to be exposed to great heat, such
as crucibles for use in the laboratory, etc. In order to melt
masses of the metal the oxvhydrogen flame is employed, the
operation being usually carried out by fusing the metal in a
cavity between two blocks of lime, or the electric furnace is used.
Platinum precisely resembles gold in its behaviour towards
acids and oxygen ; it only dissolves in aqua regia or in hiquids
in which free chlorine is present, and it is not oxidised when
heated in the air or oxygen. It is, however, acted on by
alkalis, and readily forms fusible alloys with metals such as
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lead, antimony, zinc, etc. Substances containing these ele-
ments should therefore not be heated in platinum crucibles,
especially if there is any chance of reduction taking place.

Metallic platinum has a remarkable power of bringing about
the combustion of many gases and vapours at a lower tempera-
ture than that at which combustion occurs when the gases are
simply heated with oxygen or air. This is well illustrated by
the apparatus known as the Davy glow lamp. A spiral of
platinum wire 1s warmed in the flame and then brought into a
small beaker containing a few cc. of methyl alcohol or ether.
The vapour of the latter, mixed with air, comes in contact with
the warm platinum and becomes oxidised, and the heat thus
liberated maintains the platinum wire at a red heat. If the
supply of air be properly regulated by means of a card placed
over the mouth of the beaker the wire may be made to glow
continuously for a long period. Finely divided platinum has
this property in a much higher degree than the wire. The
platinum prepared by heating ammonium chloroplatinate,
(NH,),PtCl,, is known as spongy platinum, whilst that
obtained by the reduction of various salts of platinum by
chemical means is called platinum black, and both these
varieties are extremely active. If a jet of hydrogen or coal
gas be simply directed on to some spongy platinum the gas
1s at once ignited, and this device was applied by Ddébereiner
in his hydrogen lamp in the days before the invention of
lucifer matches. This lamp consisted of a small apparatus for
generating hydrogen, on the same principle as that of Kipp, a
small quantity of spongy platinum being so placed that when
the tap was turned the hydrogen impinged upon the platinum
and became ignited.

The part actually played by the platinum in this action i1s
difficult to understand. Spongy platinum is capable of ab-.
sorbing more than 100 times its volume both of oxygen and
hydrogen, and it is possible that when it is exposed to a
mixture of both, the gases are absorbed and so brought into
more intimate contact with each other, and are thus enabled
to combine. Exactly the same amount of heat is evolved
during the oxidation in presence of platinum as in ordinary
combustion, the only difference being that the process begins
at a lower temperature.



430 PLATINUM, ARGON, AND HELIUM LESSON XXXVII

e e e,

Platinum resembles gold not only in many of its physical
properties, but also in its chemical properties, with the im-
portant exception that it replaces a different number of
hydrogen atoms. It forms two series of compounds, the
analyses of which show that in the platinous compounds the
element is bivalent, whilst in the platinic compounds it is
quadrivalent,

Platinous chloride. Platinic chloride.

PtCl, PtCl,

Like the chlorides of gold these compounds unite with
hydrochloric acid to form acids, and with metallic chlorides to
form the salts of these acids.

The atomic weight has been settled by the atomic heat
‘method, and 1s 195.2

Chloroplatinic Acid, H,PtCl (PtCl, + 2HC]), is formed
when platinum is dissolved in aqua regia and evaporated
repeatedly with hydrochloric acid in order to remove the
nitric acid. It forms brownish-red, deliquescent crystals,
H,PtCl, + 6H,0, and yields a yellow solution in water. This
solution is often spoken of simply as platinic chloride, and is
much used in testing for potassium and ammonium salts, which
form sparingly soluble salts of the acid.

Potassium Chloroplatinate, or Potassium Platino-
chloride, K, PtCl,, is formed when a potassium salt is added
to the solution described above,—

H,PtCl, + 2KNO, = K,PtCl, + 2HNO,,

It forms yellow crystals, and is soluble in about 100 parts of
cold water, but is inscluble in alcohol. In order to test for
potassium, therefore, the solution is concentrated, and chloro-
platinic acid and then an equal volume of alcohol added. On
stirring, a yellow precipitate is produced if potassium be
present. When it is heated the salt decomposes, yielding
potassium chloride, finely divided platinum, and chlorine.
Ammonium Chloroplatinate, (NH,),PtCl,, closely re-
sembles the potassium salt, but when it is heated leaves behind
pure platinum in the form of spongy platinum. This salt is
often made use of for the purification of platinum, the metal

il et . i
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being dissolved in aqua regia and precipitated by means of
ammonium chloride in the form of ammonium chloroplatinate,
which is carefully washed and then decomposed by heat. This
is done, for example, in the separation of platinum from many
of the metals which accompany it in the native state.

Platinic Chloride, PtCl,, is prepared by heating platinum
gently in chlorine, or by boiling chloroplatinic acid with the
proper quantity of silver nitrate solution,—

H,PtCl; + 2AgNO, = 2AgCl + 2HNO, + PtCl,.

It crystallises in red crystals which are not deliquescent, and
readily unites with hydrochloric acid to reform chloroplatinic
acid, and with potassium chloride to form the potassium salt.
When it 1s strongly heated 1t decomposes completely into
chlorine and platinum.

Platinous Chloride, PtCl,, is formed when chloroplatinic
acid is carefully heated at 300°,—

H,PtCl, = 2HCl + Cl, + PtCl,.

It is a greenish powder which is insoluble in water, and decom-
poses when it is strongly heated. It forms a compound with
hydrochloric acid, H,PtCl,, and a corresponding series of salts.

Platinic Hydroxide, Pt(OH),, is formed as a white pre-
cipitate when caustic potash is added to platinic chloride,
PtCl,. Like gold trihydroxide it has weak acid properties,
and also dissolves in acids. When it is gently heated it yields
Platinum dioxide, PtO,, which i1s a black powder and decom-
poses into platinum and oxygen when it is more strongly heated.

Platinic Sulphide, PtS,, is formed as a black precipitate
when sulphuretted hydrogen is passed through a solution of
chloroplatinic acid. It dissolves in alkali sulphides, and plati-
num 1s therefore found along with arsenic, antimony, and tin in
the ordinary course of qualitative analysis.

Potassium Platinocyanide, K,Pt(CN),+12H,0, is
formed when ammonium chloroplatinate is boiled with caustic
potash and potassium cyanide. It forms yellow crystals and
becomes luminous when exposed to the Rontgen rays. The
barium salt has this property in a still higher degree, and is
therefore used for covering screens on which *radiograms?”
may be projected.
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The rare metals which are usually classed with platinum
are iridium, Ir; osmium, Os; ruthenium, Ru; rhodium, Rh ;
palladium, Pd. »

SUMMARY

Platinum is a very dense white metal, is not attacked by the simple
acids, and does not unite with oxygen when it is heated in the air.

It forms two series of compounds: the platinous compounds, PtR,,
and the platinic compounds, I'tR,, the later being the most stable.

The chlorides readily combine with hydrochloric acid to form complex
compounds such as K PtCl; and K, PtClg.

Both the oxide and the chlorides decompose on heating, metallic
platinum being left.

The Gases of the Helium Group

Discovery of Argon.—In determining the density of
nitrogen, Rayleigh noticed that the gas prepared from the
atmosphere by the absorption of the oxygen was decidedly
heavier than that prepared from ammonia and other nitrogenous
substances, the difference amounting to about o.5 per cent.

On careful examination it was found that this was due to
the presence in the atmospheric nitrogen of a new gas heavier
than nitrogen having a density of 19.94. This gas is left
behind when nitrogen derived from the atmosphere is passed
over heated magnesium, which unites with the nitrogen, forming
magnesium nitride (p. 239), whilst the new gas is not affected.
This gas can also be 1solated from atmospheric nitrogen by
mixing the latter with oxygen, and submitting the mixture to
the action of a stream of sparks from an induction coil in the
presence of caustic soda solution. The nitrogen is oxidised
by this treatment, the resulting oxide being absorbed by the
caustic soda, and the new gas left behind, mixed with oxygen,
which can easily be removed. Air contains about 1 per cent
of this gas, which is characterised by the remarkable property
of not forming a compound with any known substance, and has
therefore received the name Argon (Greek, inactive) and the
symbol A. It has the density 19.94 (H = 1) and its molecular
weight is therefore 39.88. Since the gas does not form any
compounds it has been found impossible to detetrmine its

e e i
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atomic weight in the usual way, but since it closely resembles
mercury vapour in certain of its physical properties, it seems
probable that the molecules of argon, like those of mercury,
consist of a single atom ; if this be the case, the atomic weight
is 30.88,.

Continued investigation, however, soon revealed the fact that
argon was a member of a whole group of gaseous elements
- which resembled it in its most striking property of forming no
compounds with other elements.

Discovery of Helium.—The name of Ze/ium: (Greek, the
sun) was given to the unknown element which, it was con-
jectured, gave rise to a line in the spectrum of the outer layer
of the sun’s atmosphere. This line was situated near the
yellow sodium line, and was not present in the spectrum of
any substance of terrestrial origin which had up to that time
been examined.

After the discovery of argon it was however found that a
gas which yields a spectrum containing this line, but had
previously been mistaken for nitrogen, can be obtained by
heating certain minerals (such as cleveite or pitch-blende,
impure forms of uranium oxide) in a vacuum, and that the
same gas 1s present in the water of many springs, and in
extremely small quantity in the atmosphere.

This new gas, helium, i1s much lighter than air, having a
density of only 1.995 and therefore a molecular weight of
3.99. As in the case of argon it is probable that the molecules
consist only of one atom, the atomic weight being therefore
also 3.99.

Discovery of Neon, Krypton, and Xenon.—The
existence of two such remarkable gases of atomic weight 3.99
and 39.88, rendered it very probable that a similar element of
intermediate atomic weight also existed, forming a group of
three similar elements, analogous to those already known
among the other elements (Ramsay). This new element was
discovered by the careful examination of liquid argon obtained
from the air. It was found that this liquid was not pure.
The most volatile part contained helium and a new gas of
density 10.1 and molecular and atomic weight 20.2, which was
named Neon (Greek, new). Finally, by the fractional evapora-
tion of a large volume of liquid air, two other analogous gases

2 F
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were found, K7yplon (Greek, hidden), of molecular and atomic
weight 82.9, and Xewnon (Greek, stranger) 130.2.

Helium, He, 3.99

Helium, as already mentioned, occurs in many minerals,
from which it can be obtained by heating in vacuum, and in
the water of many springs. About 1000 litres of helium are
brought to the surface annually by the water of the King’s well,
Bath, whilst other springs are known which yield 10 times this
amount. The solubility of the gas in water is, however, very
slight, 100 of water at 235° dissolving only 1.4 cc. of pure
helium.

Helium 1s the most difficult of all gases to condense, owing
to the fact that its critical temperature is only about 5° absolute
temperature ( —268° C.), or 8° below the lowest temperature
attainable by the rapid evaporation of hquid hydrogen. The
condensation was effected by Onnes in a similar manner to
that of air or hydrogen, The strongly compressed gas was
cooled first with liquid air and then with liquid hydrogen
and was finally allowed to expand through a Linde-Hampson
valve. About 60 cc. of liquid were obtained from zoo litres
of pure helium. It has a density of o.15 and is therefore
twice as dense as liquid hydrogen. It boils at 4.5° absolute
temperature ( —-268.5° C.}, but has not yet been solidified,
although its temperature has been reduced by rapid evaporation
to —270.5° C., the lowest temperature ever reached. ;

Helium is one of the products of disintegration of radium

(p- 465).

Argon, A, 39.88

Argon is more soluble in water than nitrogen, 100 cc. of
water dissolving 4 cc. of argon and 1.7 of nitrogen when
shaken up with the pure gases at 12°. Liquid argon forms a

colourless liquid which boils at - 186° and freezes at .

—189.6"°. The gas also gives a characteristic spectrum.
The physical properties of the gases of the helium group are
summarised in the following table : :

E
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Helium | He 3.09 |—268.5°| — 268" | o.15 I.3 | 0.000056
Neon .| Ne | zo.z abﬂ",l}t ' I.I | 0.00086
- 240" |
|
Argon .| A | 39.88(-186.1°| —117° | I.40 5.6 | 1.3
Krypton | Kr | 82.9 |-151.7°| —72.5°| 2.155 | 12.0 |0.028
Xenon . | X |130.2 ~ 109, Iui +14.8°| 3.52 | 2.0 | 0.005

The boiling point of the liquid and its density rise regularly
with the atomic weight. They form a well marked family of
elements and, on account of their remarkable property of
forming no chemical compounds, are sometimes known as the
noble gases, from analogy with the noble metals, gold, plati-
num, etc., which are not changed in the air or dissolved by
simple acids.

EXERCISES ON LEssoN XXXVII

1. How does platinum occur in nature, and what are its most important
physical properties ?

2. Give a short account of the chief compounds of platinum.

3. Describe the preparation of chloroplatinic acid. How is this sub-
stance used in testing for potassium?

4. Compare the compounds of platinum with those of gold.

5. 2.493 grams. of potassium chloroplatinate yield 1 gram, of platinum.
Calculate the equivalent of platinum, ‘What equivalents are required in
the calculation ?

6. How was argon discovered, how can it be isolated from the air, and
what are its chief properties?

7. In what respects do the gases of the helium group resemble other
families of elements ?



LESSON XXXVIII

CLASSIFICATION—THE PERIODIC SYSTEM

THE study of the most common elements and their compounds
at once reveals the fact that these can be arranged in groups
or families, the members of which are closely related to each
other both in chemical and physical properties. Numerous
instances of this have been met with in the course of the
systematic study of the metals and non-metals mentioned in
the foregoing pages, and it is found that the remaining
elements also fall into and complete the same groups. Thus
the group of the alkali metals, the most common members of
which are potassium and sodium, contains three less common
metals, lithium, rubidium, and caesium, which closely resemble
potassium and sodium in chemical and physical properties.
These elements are all univalent, and all readily oxidise in
the air and decompose water in the cold, forming a strongly
alkaline hydroxide, and liberating hydrogen. Physically they
are all soft metals, and melt at comparatively low temperatures,
the melting-point becoming lower as the atomic weight becomes
higher.

If we consider another group, such as that containing
nitrogen, phosphorus, arsenic, antimony, and bismuth, we find
that the properties of these elements are strikingly different
from those of the alkali metals. In this group, as has already
been pointed out, the elements are usually tervalent or quin-
quevalent, and yield acid-forming oxides, whilst they show a

progressive change from the non-metallic to the metallic

character as the atomic weight rises. Iron, nickel, and cobalt
form a third well-marked group of elements, the atomic
weights, specific gravities, and melting points of which are

e o s i e i
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almost equal, whilst the chemical properties are also very
similar.

The question at once arises, What is the connection between
these various groups of similar elements ? Do they form part
of a general scheme, or is each group quite independent of all
the others?

After many attempts had been made by various chemists,
this question was answered in 1869 by the Russian chemist,
Mendeléeff. It has been noticed in the foregoing lessons that
in most of the groups or families of elements, the properties
of the individual elements vary in a regular manner with the
atomic weight. The elements of the chlorine and nitrogen
groups form excellent examples of this, and the same thing has
been observed in greater or less degree in nearly all the chief
families. Mendeléeff extended this idea to include not only
the members of a single group of elements, but the whole of
the known elements. When these are arranged in a list in
the order of their atomic weights, certain regularities are at
once seen, which can be illustrated by examining the first six-
teen elements excluding the elements of the helium group.
The following is such a list, the elements being represented
by their symbols :—

I 2 3 4 5 & 7
H

et p C ey F
Na Mg Al Si P S Cl
K

Of these only lithium, Li, and glucinum, gl, are in any
way uncommon, and it may be said in brief that lithium
closely resembles sodium and potassium, and that glucinum
as closely resembles magnesium,

It is at once seen that, starting from and including lithium,
there are seven elements, each of which belongs to a different
group, and then follows sodium, which belongs to the group
of the alkali metals, and is therefore placed under lithium.
When the list is continued it is found that each element falls
below one in the first row which belongs to the same chemical
group, and this continues until chlorine is reached, after which
comes potassium, another alkali metal.
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A study of these “rows” at once brings out relations of
great importance.

I. The valency of the elements undergoes a regular change.
This may be expressed in two ways, by considering the stable
compounds with hydrogen, or, for those elements which do not
unite with hydrogen, chlorine, on the one hand, and by con-
sidering the highest salt-forming oxide on the other.

1 phe 3 4 5 6 7
NaCl = MgCl, AICI, SiH, | PH; " SH SSElH
Na, 0.  Mg0O - ALO, S0, . PO S S0 ussClin

These may be expressed in general formulse, in which R
represents an atom of the element, and X an atom of hydrogen

(or chlorine).

1 2 3 4 5 6 7
RX RX, RX, RX, RX, RX, RX
R,0 R,O, RO, RO, RO, "R, 0O R,0O.

(2RO) (2RO,) | (2RO,)

The valency to hydrogen becomes a maximum at group 4,
and then decreases, whereas the valency to oxygen steadily
increases as far as the seventh group, and then suddenly drops
again to that of the first group.

As we have already seen, the valency of an element is not
a constant quantity, so that the above relations only hold when
we confine our attention to certain particular series of the com-
pounds of these elements, and it 1s on this account that the
highest salt-forming oxide is taken in each case.

2. The physical properties undergo a somewhat similar
variation, which 1s well illustrated by the atomic volumes of
the elements. The afomic wvolume 1s found by dividing the
atomic weight by the specific gravity of the solid element, and
may, therefore, be taken as representing the volume in cc.
occupied by a weight of the element equal to its atomic weight
expressed in grammes. Thus sodium has the specific gravity
0.97, and the atomic weight 23, so that its atomic volume is

G_E;?zzg,.?. In other words, 23 grams. of solid sodium
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occupy 23.7 cc. Potassium, again, has the atomic weight
39.1, and the specific gravity o0.875, so that its atomic

volume is 391 = 44.7.

0.875
In the accompanying diagram the atomic volume of each

element is measured along the vertical lines, and its atomic
weight along the horizontal linesysa dot being placed at the
intersection of the two lines corresponding to these two values.
These dots are then joined, and the result is a line showing
how the atomic volume changes as the atomic weight increases.
It will be observed that whilst the atomic weight steadily
increases the atomic volumes of the elements at first decrease,
until carbon is reached, after which they increase again up to
sodium, which has a higher atomic volume than lithium.
After sodium an analogous change again occurs, the atomic
volume decreases until silicon is reached, an element which
belongs to the same group as carbon, and it then again rises
to potassium, the atomic volume of which is higher than that
of sodium, just as that of the latter is higher than that of
lithium. The curve thus falls into sections which resemble
each other in general shape,

A wvanation of the kind shown by the valency and the
atomic volumes of these elements is called a periodic variation,
because the elements are thus divided into a number of sets
or periods, within each of which the variation i1s of the same
kind.

The law discovered by Mendléeff can, therefore, be expressed
in the words, Zhe properiies of the elements vary periodically
with their atomic weights.

The result of this is that each element is not only to be
considered as a member of a group, but also as a member of
a period. Thus magnesium must not only be considered as a
member of the zinc group, but also as intermediate between
sodium and aluminium, whilst aluminium 1s intermediate
between magnesium and silicon, and so on with the others.
Thus whilst sodium is univalent, and aluminium is tervalent,
magnesium is bivalent. Sodium oxide is strongly basic,
alumina 1s only a weak basic oxide and possesses feeble
acid-forming properties ; magnesia, on the other hand, is less
basic than sodium oxide, and more basic than alumina. The
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atomic volume of magnesium is also intermediate between
those of sodium and aluminium, and so on with many other of
its characteristic properties.

When a complete table of the elements is made it is seen
that each element is surrounded by four others, two in the
same group and two in the same period, and is intermediate
in properties between them, so that from the properties of
these four those of the element in question can be deduced.
In fact, Mendeléeff actually foretold in this way the properties
of several elements (germanium, scandium, and gallium), which
had not been discovered when he drew up his periodic system,
and were represented in his original table by empty spaces.
It will be seen that in the table of the system many gaps still
exist, and it 1s possible that some or all of these may be filled
by elements still to be discovered.

The elements of the helium group form no compounds
with each other or with other elements and may therefore be
regarded as of zero valency. They fall into place as a group
0 preceding the alkali metals. The only irregularity is that
the atomic weight of argon, 39.9, is greater than that of
potassium, 39.I.

A complete table of the elements arranged on the periodic
system is given on page 442, containing the symbols and
atomic weights of all the well-known elements. For the sake
of reference an alphabetical list of the names is also given.
In both lists the elements described in this book are printed in
thicker type.

The positions of the following elements in the periodic
system have not yet been definitely settled.

Dysprosium . . Dy 162.5 | Praseodymium = Pr: 140.6
Erbium ] .. Er 167.4 | Samarium : . ®a I50.4
Europium : .. K 152.0 | Terbium . : Th 150.2
Gadolinium . . Gd 157.3 | Thulium : . - Im 168.c
Lutecium : ot 174.0 | Ytterbium (Neoyt-

Neodymium . o Nd  144.3 terbium) . e ¥b 172.0
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LIST OF ELEMENTS

0=16 0=16

Aluminium Al 27. 1 Molybdenum Mo g6.0
Antimony . Sb 120.2 Neodymium Nd 144.3
Argon A 3g. 88 Neon Ne =20.2
Arsenic. As  74.96 Nickel Ni 58.68
Barium Ba 137.37 Nitrogen N I4.0I
Bismuth Bi =zo08.0 Osmium Os 190.9
Boron B I1.0 Oxygen O 16,00
Bromine Br 9.9z Palladium . Pd 1067
Cadminum . Cd r11z.40 Phosphorus (2 31.04
Ceesium Cs @32.81 Platinum Pt 198 2
Calcium Ca 4o0.09 Potassium K 39.10
Carbon C 12.00 Praseodymium Fr- T40.5
Cerium Ce 140.25 Radium Ra 226.4
Chlorine Cl 35.46 Ehodium Rh 102.9
Chromium . Cr 520 Rubidium Rb  85.45
Cobalt Co r8.97 Ruthenium Ru 101.7
Columbium . Ebl ngr Samarium Sa 150.4
Copper Cua 63.57 Scandium Sc 44. I
Dysprosium . Dy 162.5 Selenium Se 79.2
Erbium Er 167.4 Silicon Si 28.3
Europium Eu 152.0 Silver Ag 107.88
Fluorine . F 19.0 Sodium Na 23.00
Gadolinium . Gd 157.3 Strontium . 8r 87.63
Gallium ; Ga 69.9 Sulphur S 32.07
Germanium . (Sl P DLE Tantalum Ta 181.0
Glucinum (1 Q.1 Tellurium Te 127.5
Gold Au 197.2 Terbium b 159.2
Helium i He 3.99 Thallium Tl =zo04.0
Hydrogen . H I.008 Thorium Th =232.0
Indium : In 114.8 Thulium Tm 168.5
Iodine I 126.92 Tin . Sn 119.0
Iridium It 193.1 Titanium Ti 48. 1
Iron Fe 55.85 Tungsten W 1840
Krypton . Er 82.9 Uranium T =238.5
Lanthanum . La 139.0 Vanadium Vv 51.06
Lead . Pb zo7.10 Xenon . Xe 130.2
Lithium Li 6.94 Ytterbium (Neoyt- Yb 172.0
Lutecium Lu 174.0 terbium)
Magresium Mg 24.32 Yttrium Y 8g.0
Manganese Mn 54.93 Zinc Zn 65.37
Mercury Hg =zoo0.0 Zirconium Zr 9.6

Several points in this extended table require some ex-

planation.

1. The first point to be noticed is that in the fourth period
or horizontal row, after manganese, the three elements, iron,
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cobalt, and nickel are found. These three elements (together
with the platinum metals) fall in an eighth group, which differs
in many respects from the other seven. Thus iron, nickel,
and cobalt have nearly the same atomic weights and specific
gravities, and are very closely related both in chemical and
physical properties ; thus they all form oxides of the formule
RO and R,O,, and are all magnetic and melt at high tem-
peratures. In the other groups, elements which closely
resemble one another, such as antimony and arsenic, sodium
and potassium, etc., belong not to the same Aozizontal period,
but to the same werfical growp, and differ considerably in
atomic weight. The elements of the eighth group, therefore,
form an exception in this respect.

2. After the first two horizontal periods the elements of
each group fall into two distinct sub-groups, and the members
of these often differ considerably in properties, although they
have the same valency and bear a general resemblance to
each other.

This is well seen m group II., where, neglecting the first
two elements, glucinum and magnesium, the two sub-groups
are calcium, strontium, barium, and radium on the one hand,
and zinc, cadmium, and mercury on the other. Thus the metals
calcium, strontium, and barium all oxidise in the air and
decompose water in the cold ; their hydroxides are soluble in
water, and their sulphates almost insoluble in water. The other
metals, zinc, cadmium, and mercury remain bright in the air,
and do not act on cold water; their hydroxides are insoluble
in water and their sulphates soluble. The metals of both
series, however, are bivalent and form soluble chlorides, but
insoluble carbonates, phosphates, and sulphides. In a similar
manner the metals copper, silver, and gold are found in the
first group, which also contains the alkali metals. These two
sub-groups are in many respects dissimilar, particularly in the
physical properties of the metals themselves. They agree,
however, in forming a series of salts in which each atom of the
metal replaces one atom of hydrogen, such as potassium
chloride, silver chloride, aurous chloride, etc. On the other
hand, it is seen that copper, silver, and gold are respectively
related in many ways with the elements which immediately
precede them in the system, nickel, palladium, and platinum.

dteliatbecie, abve o1 a4

il

PRSP T R —



LESSON XXXVIII GROUP OF ELEMENTS 445
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Thus copper, like nickel, forms a series of salts in which it is
bivalent, whilst the salts themselves are coloured. Gold,
again, like platinum, is insoluble in simple acids, and forms
a chloride, AuCl,, which resembles platinic chloride, PtCl,, in
many of its chemical properties, especially in its power of
forming complex salts with the chlorides.

Comparing groups I. and II. it is seen that the alkali metals,
sodium, potassium, etc., immediately precede calcium, strontium,
and barium, which they also resemble in many respects, such
as their action on water, etc. ; whilst copper, silver, and gold
precede zinc, cadmium, and mercury.

The only other instances of this to which reference can here
be made are chromium and manganese. Chromium falls in the
same. group as sulphur, with which at first sight it seems to
have little in common. These two elements, however, both
yield an acid-forming oxide, RO,, and the salts produced from
the corresponding acids, sulphuric acid and chromic acid, are
isomorphous. On the other hand, chromium forms a series of
salts in which it is tervalent, as are the elements of the nitrogen
group, which immediately precedes the sulphur group, and a
series in which it 1s bivalent, in this respect resembling man-
ganese. Manganese, again, 1s related to the elements of the
chlorine sub-group in much the same way as chromium to
sulphur. Thus the permanganates and the chlorates are derived
from oxides of the same general formule, C1,0. and Mn,O.,
and these salts are isomorphous. On the other hand, man-
ganese is in many respects related to iron, which immediately
follows it, and like this metal forms two series of salts, the
manganous and manganic salts, which correspond with the
ferrous and ferric salts. The relations of manganese to
chromium have been already mentioned.

The fact that the elements when arranged in the order of
their atomic weights fall into a system of this kind may be
used as an argument in settling the atomic weight in any
doubtful case. Thus, let us suppose that the equivalent
of strontium is known from the analysis of its chloride
to be 43.8, but that it is not known whether its atomic
weight is 43.8, 87.6, or some other multiple of 43.8. If the
atomic weight were 43.8 the element would immediately
follow calcium in the periodic system, and thus fall in the
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aluminium group. Here it would be quite out of place,
because the other elements of this group do not decompose
water or form soluble basic hydroxides and insoluble sulphates,
etc., whereas strontium has all these properties. Moreover,
the members of the aluminium group are tervalent, whereas
the formula of strontium chloride would be SrCl if the
atomic weight of strontium were 43.8. Similar considerations
show that only the atomic weight 87.6 and the formula SrCl,
for the chloride bring strontium into its proper place as a
member of the calcium and barium group. Considerations
such as these have often been of great value in deciding the
atomic weights of various little known elements at the time of
their discovery.

One or two unexplained irregularities exist in the table. In
addition to argon, which has already been mentioned, two
other elements are made by the table to precede elements of
lower atomic weight, viz. tellurium, which precedes iodine,
and cobalt, which precedes nickel. :

The position of hydrogen is also altogether anomalous as it
is the sole occupant of Series 1., Some. authorities place it
in Group VII. instead of Group I. on account of its non-metallic
character and power of combining with metals to form hydrides
(p- 159).

It is thought by many chemists that the possibility of
arranging the elements according to the periodic system
indicates that the elements are in reality complex substances,
forming series which are related to each other in composition,
The recent discoveries concerning the radio-active elements
(p. 462) give some support to this idea, but at present it can
only be considered as an extremely interesting speculation.

EXERCISES oN LEsson XXXVIII

1. Explain what is meant by the periodic system.

2. What is meant by the atomic volume of an element? A mass of
iron weighing 1o grams. has a volume of 1.25 cc. What is the atomic
volume of iron?

3. How do (a) the specific, (#) the atomic volumes of the elements vary
with their atomic weights ?

4. How does the valency of the elements vary with their atomic
weights ?
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5. Point out the relationship of the metals of the alkaline earths to (a)
the alkali metals, (#) the metals of the zinc group.

6. Point out the relations of iron, nickel, and cobalt to () manganese,
(#) copper. :

7. In what respects does lead resemble carbon and silicon in chemical
properties ?

8. How do the properties of the elements of the zine group alter as the
atomic weight rises ?

g. In what respect does chromium resemble sulphur, and manganese
resemble chlorine ?

10. How can the existence and properties of unknown elements be

foretold ?
11. In what way can the atomic weight of an element be confirmed by

means of the periodic system ?



LESSON XXXIX

DETERMINATION OF THE MOLECULAR WEIGHTS OF
DISSOLVED SUBSTANCES

IN the foregoing lessons reference has only been made to the
vapour density method of determining the molecular weight of
a substance. This method can only be applied to bodies
which can be converted into gas without undergoing decom-
position, and is not capable of application to solid or liquid
substances which cannot be volatilised, Several methods
have, however, been found by which the molecular weight of a
dissolved substance can be ascertained, and these can be applied
to any substances which can be brought into solution in a
suitable solvent.

Determination of the Molecular Weight of a
Dissolved Substance.—We have already seen that when
a dilute solution of a substance is cooled, the freezing-point of
the solvent is lowered (p. 16), so that a portion of the solvent
separates out in the solid form, but at a temperature below the
freezing-point of the pure solvent. Careful experiments have
shown that the amount by which the freezing-point is lowered
depends on two things.

In the first place, it is directly proportional to the amount
of the dissolved substance present Thus 2 grams. of sugar
lower the freezing-point of a given weight of water Exactly
twice as much as one gram.

In the second place, it depends on the molecular weight of
the dissolved substance, to which it is Znwversely proporiional.
In other words, if two compounds be taken, the molecular
weight of the first of which is exactly twice that of the second,
it is found that 2 grams. of the first produce exactly the same
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effect on the freezing-point of the solvent as 1 gram. of the
second. If, on the other hand, egual weights of the two be
dissolved in the same weight of water, the depression of the
freezing-point produced by 1 gram. of the substance of high
molecular weight will only be half that produced by the 1 gram.
of the substance of lower molecular weight. If, then, equal
weights of a series of compounds be dissolved in equal
quantities of a liquid, the depressions of the freezing-point
thus produced are inversely proportional to the molecular
weights of the dissolved substances. If, therefore, these
depressions be multiplied by the molecular weights of the
compounds a constant number is obtained, and this is
known as the molecuiar depression of the freezing-point for
the solvent in question. This is shown by the following
results obtained with substances dissolved in acetic acid :(—

— —c

I

Substance, Formula. 1{.?3:;;:',:1 D. i M.

el g SR = |

Carbon tetrachloride : CCl, I54 o.2d=" || R 8

Carbon disulphide . : CS, 76 0. 505" 38.4 |
Sulphur chloride . : S,Cl, 135 0.284" 38.3
Arsenious chloride . s AsClg 181.5 0.232" 42. 1
Stannic chloride . : snCly 261 0.157 41.0
Sulphur dioxide . : SO, 64 o.601" 38.5
Sulphuretted hydrogen . H.S 34 1.047" 35.6

In this table D is the depression in degrees Centigrade
produced by 1 gram. of substance dissolved in 100 grams. of
acetic acid, whilst M D 1s the product of this number with the
molecular weight of the compound. It will be seen that the
molecular depression is nearly constant, the numbers varying
a little on either side of 30.

Upon these facts a very simple method for determining the
molecular weight of a soluble substance has been based. A
weighed quantity of a suitable solvent is placed in a wide test-
tube provided with a stirrer, and this is surrounded by a
freezing mixture, and the freezing-point of the liquid deter-
mined by means of an accurate thermometer graduated to .ot
of a degree, A weighed amount of the substance is then

2 G
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added, and when this has dissolved completely the freezing-
point is again carefully ascertained in the same way as before.
Thus 1.35 gram. of carbon tetrachloride dissolved in 535 grams.
of acetic acid lowered the freezing-point of the latter from
16.750" to 16,132°. The depression produced is therefore the
difference between these temperatures, 16.750°-16.132° =
0.618.°

Since 1.35 gram. lowers the freezing-point of ' 55 grams. of
acetic acid by 0.618" it would lower that of 100 grams. by

0.618 x 55 y

oo - ! gram. would therefore lower the freezing-point
. s 0.618 x % T

of 100 grams. of acetic acid by P f_535 =0.252", Now

the molecular depression (MD) for acetic acid is 39, and hence

=Y

the molecular weight must be E:-_%E":- = I54.

The number agrees with that obtained by the vapour
density method, viz. 154.

The addition of a soluble substance to a liquid not only
lowers the freezing-point of the latter, but also diminishes its
vapour pressure and raises its boiling-point, and the changes
in both these respects are found to depend on the quantity and
molecular weight of the dissolved substance. Several methods
for the determination of the molecular weights of dissolved
substances have been based upon these facts, for the details
of which a work on physical chemistry must be consulted.

It is important to remember that these methods can only be
applied to dilute solutions, and do not give correct results with
concentrated solutions, just as the law of Boyle does not apply
without modifications to gases under high pressures or at low
temperatures.

These relations hold for solutions in all solvents, but a very
important class of exceptions exists in the case of all solutions
in water which contain electrolytes, a class of bodies which, as
we have seen, includes acids, alkalis, and almost all metallic
salts.  When an attempt 1s made to determine the molecular
weight of one of these substances in aqueous solution by the
freezing-point or other method, the number obtained is found
to be some fraction of that which was to be expected,
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generally about 4 or 1. On the other hand, non-electrolytes,
such as sugar or alcohol, give perfectly good results, the mole-
cular depression for water being about 18. This anomalous
result may be compared with that obtained by the vapour
density method with such substances as undergo dissociation,
and it seems probable that something of an analogous nature
also occurs in dilute aqueous solutions of electrolytes. As we
have already seen (p. 3or1), many facts make it appear prob-
able that in such solutions the ions of the electrolyte exist
.already separated in the liquid. According to this view, then,
a dilute solution of hydrochloric acid only contains very few
molecules of HCI, but a large proportion of separated and
charged ions H" and CI'. Each one of these ions behaves like
a molecule of a non-electrolyte, and therefore produces its own
effect in lowering the freezing-point, etc., the total depression
being due to the sum of those produced by the ions, each
considered as an independent molecule, together with that due
to the unaltered molecules. Since the depression is inversely
proportional to the molecular weight, the result obtained by
this method seems to show that hydrochloric acid has about
one-half of the molecular weight corresponding with the
formula HCL In general, salts or acids, such as hydrochloric
acid, common salt, silver nitrate, which are broken up into two
ions (H" and CI', Na"and CI’, Ag’ and NO',), appear to have
about half the calculated molecular weight. Dibasic acids and
salts of the type represented by sodium sulphate, Na,SO,, and
calcium chloride, CaCl,, appear to have a molecular weight
which is less than the half of the calculated, these substances
being to some extent broken up into three ions (Na, Na,
50, Ca  Cl\, C1').

The ordinary reactions of double decomposition which are
employed so widely in analytical chemistry are in reality
reactions of the 7oms, and this explains many facts which are
otherwise somewhat difficult to understand. It is a matter of
common experience that the reactions of a metallic element are
as a rule the same, whatever be the particular salt of the
metal which is taken. Thus, the salts of zinc give a white
precipitate with ammonium sulphide, whether the sulphate,
nitrate, or chloride of the metal be taken. This is because in
each case it is the zinc 1on which reacts, as shown in the
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following equations, it being understood that when a positively
charged 1on combines with one which is negatively charged,
the charges are neutralised,—

(1) Zn* ¥ 4+Cl"+Cl"+ NH, "+ NH,* 4+ 5"~ =
ZnS+NH,* + NH,* +Cl- + CI-.
(2) Zn**T £ 80,7 L NH, =+ NH e &
ZnS+NH4++NH4+ +50,7 7,

In these two cases it is seen that the only change which

occurs is the union of the zinc ion with the sulphur ion. The

ammonium chloride formed in reaction I, and the ammonium
sulphate formed in reaction 2, are both electrolytes and remain
dissociated, The same considerations hold for the acid radicals.
What are usually termed the tests for a sulphate are in reality
tests for the sulphate ion, SO,™ ~, and are the same whatever
soluble salt of sulphuric acid is used.

On the other hand, the ferrocyanides do not give the
ordinary reactions for iron, although they contain a large
amount of this element. This is because the ordinary reactions
for iron apply to the ferrous ion, Fe”, or the ferric ion, Fe™,
neither of which is present in a solution of potassium ferro-
cyanide. This salt yields as ions K and the complex group
Fe(CN);"", which has its own special reactions and properties.

It has been found that what are called acid propertics are
peculiar to substances of which one of the positive ions is
H', whilst dasic substances are characterised by the negative ion
OH'. Weak acids and bases, such as acetic acid, boric acid,
ammonia, etc., are found to be only very slightly dissociated,
whilst strong acids and bases, such as hydrochloric and nitric
acids, caustic soda and caustic potash, are very largely
dissociated even in moderately strong solution. The percentage
of dissociated molecules in solutions which contain the mole-
cular weights of the various substances expressed in grams, in
one litre of liquid i1s 6o-go for strong acids and bases, and
o-20 for weak acids and bases. The salts of weak acids are
dissociated to a much greater extent than the acids themselves.

When a strong acid such as hydrochloric acid and a strong
base such as caustic soda are brought together in dilute solution
the reaction which occurs is usually written,—

HCl + NaOH = NaCl + H,0.

i it -
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When the ions are considered, however, it is seen that what
happens is more accurately represented bv the equation,—

H+ 4 Cl™ +Nd++0H_—H ,O + Nat 4 Cl-.

The ions Na* and Cl~ do not unite, but remain unaltered,
whilst the only change which occurs is the union of the ions
H* and OH -~ to form water. Precisely the same change occurs
when any other strong acid is neutralised by any other strong
base, nitric acid by caustic potash for example,—

In agreement with this it is found that the amount of heat
evolved in these two cases is exactly the same and represents
the heat of union of the ions HTand OH~. These relations
only hold for strong acids and bases in dilute solutions because
in concentrated solutions the molecules of these substances
are not completely dissociated into their ions, whilst weak acids
and bases are not completely dissociated even in very dilute
solution.

- EXERCISES ON LEssoN XXXIX

1. How does the depression of the freezing-point produced by dissolv-
ing a solid in a liquid vary (a) with the amount of the solid, (#) with the
molecular weight of the solid?

2, What is meant by the term molecular depression of the freezing-
point ?

3. If 1 gram. of alcohol, C,H O, dissolved in a certain weight of water
produces a depression of o.3", what depression will be caused by the same
weight of cane sugar, CjaHyOpy ?

4. ©.75 gram. of arsenious chloride lowers the freezing-point of 50 grams.
of acetic acid by o.351°. Calculate the molecular weight of arsenious
chloride. The molecular depression for acetie acid is 39.

5. What substances produce abnormal depression of the freezing-point
when dissolved in water, and to what is this supposed to be due?

6. o0.75 gram, of sodium chloride lowers the freezing-point of 75 grams.
of water by 0.615°. Calculate the apparent molecular weight of sodium
chloride. The molecular depression for water = 18.

*



LESSON XL
SPECTRUM ANALYSIS

AN entirely new branch of chemical analysis, of great delicacy,
simplicity, and importance, has been developed within the last
fifty years, based upon the researches of Bunsen and Kirch-
hoff, the principles of which may here be shortly stated.

It has long been known that certain chemical substances,
especially the salts of the alkalis and alkaline earths, when
strongly heated in the blowpipe, or other nearly colourless
flame, impart to that flame a peculiar colour, by the occurrence of
which the presence of the substance may be detected. If many
of these substances are present together, the detection of each
by the naked eye becomes impossible, owing to the colours
being blended, and thus interfering with each other. Thus, for
instance, the sodium compounds colour the flame an intense
yellow, whilst the potassium salts tinge the flame violet : the
yellow soda colour is, however, so much more intense than the
purple potash tint, that a small trace of soda prevents the eye
from detecting the purple, even if large quantities of potash
salts are present. This difficulty is altogether overcome, and
the method of observation rendered extremely sensitive, if,
instead of regarding the flame with the naked eye, it is
examined through a prism. This consists of a triangular piece
of glass, in passing through which the light is refracted, or
bent out of its course, each differently coloured ray being
differently refracted : so that if a source of white light, such as .
the flame of a candle, be thus regarded, a continuous band of
differently coloured rays is observed ; the compound white
light being resolved into all its variously coloured constituents.
This coloured band is termed a spectrum ; and each source of
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pure white light gives the same continuous spectrum, stretching
from red (the least refrangible) to violet (the most refrangible),
identical, in fact, with the colours of the rainbow.

If these coloured flames are examined by means of a prism,
the light being allowed to fall through a narrow slit upon the
prism, it is at once seen that the light thus refracted differs essen-
tially from white light, inasmuch as it consists of only a par-
ticular set of rays, each flame giving a spectrum containing a
few bright bands. Thus the spectrum of the yellow soda
flame contains only one fine bright yellow double line, whilst
the purple potash flame exhibits a spectrum in which there are
two bright lines, one lying at the extreme red, and the other at
the extreme violet end. These peculiar lines are always pro-
duced by the same chemical element, and by no other known
substance ; and the positions of the lines always remain un-
altered. When the spectrum of a flame tinted by a mixture of
sodium and potassium salts is examined, the yellow ray of
sodium is found to be confined to its own position, whilst the
potassium red and purple lines are as plainly seen as they
would have been had no sodium been present.

The coloured flames which are exhibited by the salts of
lithium, barium, strontium, and calcium, likewise each give
rise to a peculiar spectrum, by means of which the presence
or absence of very small quantities of these substances in
a mixture can be ascertained with certainty, simply by observ-
ing the presence or absence of the peculiar bright bands
characteristic of the particular body.

The advantage which this method of analysis possesses
over other processes lies in the extreme delicacy as well as
in the great facility with which the presence of particular
elements can be detected with certainty. Thus a portion of

sodium salt less than the —— part of a grain in weight
can be.detected ; and compounds are found to be most widely
disseminated throughout the earth which were supposed to
occur very seldom. The extreme delicacy of the method is
seen when we learn that every substance which has been
exposed to the air even for a moment gives the sodium line,
every minute speck of dust containing sodium compounds in
sufficient quantity to produce the characteristic reaction, when
placed 1n a colourless flame, Thus, too, the lithium compounds,
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which were formerly supposed to be contained in only four
minerals, have by aid of spectrum analysis been found to be
substances of most common occurrence, being observed in
almost all spring-waters, in tea, tobacco, milk, and blood, but
existing in such minute quantities as to have altogether eluded
recognition by the older and less delicate analytical methods.

T

A portion of lithium less than the ;- part of a grain can
thus be detected. .

A still more striking proof of the value of spectrum
analysis lies in the fact of the discovery of many new elementary
bodies by its means: two new alkali-metals, rubidium and
ceesium, having been found, together with potash and soda, in
certain mineral springs ; and three metals, thallium, indium, and
gallium having been respectively detected in iron pyrites and
zinc ores. The new alkali-metals, discovered by Bunsen in
1860, resemble potassium so closely in their properties that it
would be nearly impossible to have detected them by the
ordinary analytical methods, although their spectra exhibit very
distinct bright bands not seen in the spectrum of potassium or
any other known element. The metal thallium was discovered by
Sir Wm. Crookes, who observed a splendid green line which did
not belong to any known substance ; whilst indium, first noticed
by Reich and Richter, was recognised by the presence of a
hitherto unobserved fine dark blue line, and another new metal
termed gallium was discovered by Lecoq de Boisbaudran
in some French blendes, being detected by the presence of two
characteristic blue lines in its spectrum.

It is not only those bodies which have the power of impart-
ing colour to a flame which yield characteristic spectra, for this
property belongs to every elementary substance, whether metal
or non-metal, solid, liquid, or gas; and it is always observed
when such an element is heated to the point at which its vapour
becomes luminous, for then each element emits the peculiar
light given off by it alone, and the characteristic bright lines
become apparent when its spectrum is observed. Most metals
require a much higher temperature than the common flame in
order that their vapours should become luminous ; but they may
be easily heated up to the requisite temperature by means of the
electric spark, which in passing between two points of the
metal in question volatilises a small portion, and heats it so

:.
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intensely as to enable it to give off its peculiar light. Thus all
the metals, among others iron, platinum, silver, and gold, may
each be recognised by the peculiar bright lines which their
spectra exhibit.

The permanent gases also yield characteristic spectra when
they are strongly heated, as by the passage of an electric spark ;
thus, if the spark be passed through an atmosphere of hydre-

Hig. 52,

gen gas, tne light emitted is bright red, and its spectruin coun-
sists of one bright red, one green, and one blue line ; whilst in
nitrogen gas the spark has a purple colour, and the peculiar
and complicated spectrum of nitrogen is observed when this
spark is examined with a prism.

The instrument used in these experiments 1s termed a
spectroscope, and this has now become,
next to the balance, the most important
instrument possessed by the chemist.
It consists of a prism (a, Fig. 52) fixed
upon a firm iron stand, and a tube (#)
carrying the slit, seen on an enlarged
scale in Fig. 53 (4), through which the rays from the coloured
flames (e and ¢) fall upon the prism, being rendered parallel by
passing through a lens. The light, having been refracted, is
received by the telescope ( /), and the image magnified before
reaching the eye. For exact experiments the number of

Fig. =3.
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prisms and the magnifying power are increased. The rays
from each flame are made to pass into the telescope ( f), one
set through the upper uncovered half of the slit, the other by
reflection from the sides of the small prism (¢, Fig. 53) through
the lower half; thus bringing the two spectra into the field of
view at once, so that any wished-for comparison of the lines
may be made.

The small luminous gas flame (%) is placed so as to illumin-
ate a fixed scale in the tube (g); this is reflected from the
surface of the prism (a) into the telescope, and serves as a
means of measurement.

Many substances, both gaseous, liquid, and solid, absorb
certain rays of white light, but allow the others to pass. Hence
when white light is allowed to pass through one of these
bodies, and is then examined by the spectroscope, the continuous
spectrum is found to be interrupted by dark bands, an abserption
spectrum being thus produced.

Solar Chemistry

If sunlight be allowed to fall upon the slit of the spectro-
scope it is observed that the solar spectrum thus obtained
differs essentially from the spectra which we have hitherto
considered, inasmuch as it consists of a band of bright light,
passing from red to violet, but intersected by a wvery large
number of fine bdlack lines of different degrees of breadth and
shade, which are always present, and always occupy exactly
the same relative position in the solar spectrum. These lines
indicate the absence in sunlight of particular rays, and they
may be considered as shadows, or spaces where there is no
light ; they are called “ Frauniofer's lines,” after a German
optician who first satisfactorily mapped and described them.

The existence of these lines has become a matter of great
importance and interest, as it is by their help that the
determination of the chemical constitution of the sun and far-
distant fixed stars has become possible. The spectra of the
moon and planets (reflected sunlight) are found to exhibit these
same lines in unaltered position, and hence the conclusion has
long been drawn that the Fraunhofer’s lines are in some way
produced in the body of the sun itself.

il e it il
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If the positions of these dark lines in the solar spectrum be
carefully compared in a powerful spectroscope with those of
the bright lines in the spectra of certain metals, such as
sodium, iron, and magnesium, it is seen that each of the
bright lines of the particular metal coincides, not only in
position, but also in breadth and intensity with a dark
solar line; if the apparatus be so arranged that a solar
and metallic spectrum be both allowed to fall, one below the
other, in the field of the telescope, the bright lines of the
metal are a// seen to be continued in dark solar lines, In the
case of metallic iron alone more than sixty such coincidences
have been observed; and the higher the magnifying power
employed, the more striking and exact does this coincidence
appear.

With other metals —such, for instance, as gold and
antimony—no single coincidence can be noticed, whilst all the
lines of certain other metals have their dark representatives in
the sun. From these facts it is clear that there must be some
kind of connection between the bright lines of these metals and
the coincident dark solar lines, as such coincidences cannot be
the result of mere chance. Is the coincidence of the dark
solar lines with the 4r7¢/¢ iron lines caused by the presence of
iron in the sun? And if so, how do the lines come to appear
dark in the solar spectrum ?

The explanation of this is given by an experiment, in which
the bright metallic lines are sewersed, or changed into dark
lines. Thus the bright yellow soda lines (coincident with
Fraunhofer’s lines D) can be made to appear as dark lines, by
allowing the rays from a strong source of white light (such as
the oxyhydrogen light) to pass through a flame coloured by
soda, and then to fall upon the slit of the spectroscope.
Instead of then seeing the usual sodium spectrum of a &right
yellow double line upon a dark ground, a double dar# line,
identical in position and breadth with the sodium line, will be
seen to intersect the continuous spectrum of the white light.
Here then the yellow flame has absorbed the same kind of light
that it emits, a consequent diminution of intensity in that part
of the spectrum has occurred, and a dark line has made its
appearance. In like manner the spectra of many other sub-
stances have been reversed, each substance in the state of
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vapour having the power of absorbing the same rays as it emits,
or being opaque for such rays. :

The explanation of the existence of dark lines in the solar
spectrum, coincident with bright metallic lines, now becomes
evident : these dark lines are caused by the passage of white
light through the glowing vapour of the metals in question
present in the sun’s atmosphere, and these vapours absorb
exactly the same kind of light which thev are able to emit.
The sun’s atmosphere, therefore, contains these metals in the
condition of glowing gases, the white light proceeding from the
strongly heated solid or liquid mass of the sun which lies in
the interior.

By observing the coincidences of these dark lines with the
bright lines of terrestrial metals, we arrive at a knowledge of
the occurrence of such metals in the solar atmosphere with as
great a degree of certainty as we are able to attain in any
question of physical science. The elements hitherto detected
in the sun’s atmosphere are more than thirty-six in number,
among them being iron, sodium, magnesium, calcium,
chromium, nickel, barium, copper, zinec, strontium, cadmium,
cobalt, manganese, aluminium, lead, titanium, and hydrogen.
This last element is found to exist in large quantity surround-
ing the luminous portion of the sun’s body as a zone of incan-
descent gas, termed the solar chromosphere, whilst masses of

ignited hydrogen thrown still higher form the red protuber-

ances seen during a total eclipse. The rapidity with which
the 1gnited hydrogen moves on the sun’s surface is enormous ;
solar cyclones or circular storms have been shown to blow
with a velocity compared with which cur most violent terrestrial
tornadoes are mere summer breezes.

The subject of solar chemistry is still in its infancy, but the
results already obtained lead to the belief that our knowledge
of the chemical composition of those far distant bodies will
become more intimate as the methods of experiment and
observation are gradually perfected.

[For fuller information on this subject see Roscoe’s Lectures
on Spectrum Analysis, and Lockyer's Lessons in Elementary
Astronomy.]
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. EXERCISES ON LEssoN XL

1. Describe the spectroscope. -

2. How can the spectra of the metals be examined ?

3. What is meant by the terms (a) spark spectrum, (#) absorption
spectrum, (¢) reversed lines ?

4. What are Fraunhofer's lines? What information do they give us
concerning the chemical composition of the sun ?



LESSON XLI

THE RADIOACTIVE ELEMENTS

IN 1896 it was discovered by Becquerel that the compounds
of uranium (p. 414) are radioactive, 7.e. are constantly emitting
radiations which have the power of affecting a photographic
plate, causing phosphorescence in certain substances, such as
the platinocyanides (p. 431) and crystalline zinc sulphide, and
discharging a charged electroscope. This discovery was
followed in 1898 by the observation that pitch-blende, an
impure oxide of uranium which occurs as a mineral, was much
more strongly radioactive than the pure uranium oxide con-
tained in it (Mons, and Mme. Curie), and that this was due to
the presence of two new strongly radioactive elements which
were named radizm (Latin, shining) and polonium (after the
Polish nationality of one of the discoverers). Subsequently a
third new element, termed acfinium (Greek, a ray) was also
obtained from the same source,

Radium, Ra, 2264

In its chemical properties radium closely resembles barium,
forming a soluble chloride and bromide and an insoluble
sulphate, and it is separated from pitch-blende along with the
barium which this mineral always contains. Extremely little

of the new element is present, the amount obtainable from a

ton of pitch-blende being less than 1 gram, of the chloride.
It can be separated from barium by the recrystallisation of the
mixed chlorides or bromides, and its salts are thus obtained
pure. The metal itself has been isolated by the electrolysis
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of a solution of the chloride in presence of mercury, and like
its salts is strongly radioactive., It is a white lustrous metal,
which melts at 700°. It becomes black in the air, and de-
composes water vigorously. Less than o.1 gram. has so far
been obtained (rg91o). Its spectrum has also been examined
and found to be of the same general character as those of
the elements of the calcium group. In all these respects
radium appears to be an elementary substance belonging to
the calcium group, having the atomic weight of 226.4 and
finding a position in the periodic system in complete accord
with these properties.

All the compounds of the element are very strongly
radioactive and possess very remarkable properties, The
power which the emitted radiations possess of discharging a
charged electroscope provides a method by which their intensity
and variation with time can be very accurately measured, as
well as affording an extremely delicate mode of detecting the
presence of a radioactive element. This process of detection
indeed far exceeds in delicacy the methods of spectrum
analysis, and must be regarded as the most sensitive yet
discovered

Among the most remarkable and interesting properties of
the radium compounds are the following :—

1. They constantly evolve heat and maintain themselves at
a temperature 3-5° above that of the surrounding atmosphere.
This extraordinary process goes on even at the temperature of
liquid hydrogen, and the amount of heat emitted each day is
sufficient to decompose a weight of water equal to 1.3 times
that of the radium in the radioactive salts, or in other words is
equal to 118 gram.-calories per hour per gram. of radium.
The significance of this enormous loss of energy is discussed
later on (p. 465).

When dissolved in water the salts produce a slow de-
composition of the water into hydrogen and oxygen, and they
are capable of bringing about other similar chemical changes.

2. They give off radiations of three different kinds, known
as a, 3, and y rays. The investigation of these radiations
has shown that the « and /3 rays consist of particles of matter
projected with a high velocity from the mass of radium salt.
The a particles consist of positively charged atoms of helium,
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moving at a velocity of 200,000 kilometres a second. = Owing
to their high rate of motion these can penetrate thin layers of
glass or metal, although they are stopped by thicker layers.
The helium produced from radium has actually been collected
(Ramsay and Soddy), and the rate at which it is produced has
been determined and been found to be about 0.46 cubic
millimetres of helium per gram. of radium per day. The
helium in rocks and mineral springs has probably been formed
in this way from radium. When the a particles fall on screens
dusted with crystals of zinc sulphide they cause a series of
flashes and it has been found that each such flash is caused
by the impact of a single atom of helium. It is therefore
possible in this way to see the effect produced by a single
atom of matter and to count the number of atoms of helium
given off in a certain time by a known weight of radium.
The instrument devised to render this effect visible is called
a spinthariscope (Greek, a spark). The number of helium
atoms emitted can also be counted by an electrical method.
The [ particles are negatively charged, and very much
lighter than the a particles and move with a much higher
velocity, approaching that of light. They are able to penetrate
considerable thicknesses of glass and metals. Their mass is
about . '- part of that of a hydrogen atom and they seem to
be identical with the particles given off from the cathode in
the discharge of electricity through gases and known as the
cathode rays. Similar particles are intimately concerned with
the passage of electricity through conductors of all sorts, and
they have therefore also received the name of electrons. The
y-rays are still more penetrating in character than the S-rays
and appear to resemble the Rintgen-rays in their properties.
3. They evolve a gaseous substance known as the radizm
emanaltion, which can be removed by a mercury pump,
liquefied and examined, but has only been obtained in quantities
of about o.1 cubic millimetre at a time. It is a colourless
oas, probably belonging chemically to the argon series, and
its atomic weight 1s about 220. Its spectrum has been
observed and many of its physical properties ascertained.
When cooled it forms a colourless liquid boiling at — 62°,
It freezes at —71°, forming a solid which glows with great
brilliancy, at first appearing steel blue, but at a lower tempera-
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ture becoming brilliant orange. This emanation is itself radio-
active and evolves heat in the same manner as radium itself
and also gradually decemposes, evolving helium and forming
another new substance known as radium A (Rutherford).
It appears in fact that a long series of changes of this char-
acter occurs, radium A changing into another substance and
so on, each change being accompanied by the emission either
of a or 3 particles and sometimes of y-rays.

The amount of heat evolved during the complete decom-
position of 1 cubic centimetre of the emanation has been
calculated to be nearly 7,000,000 gram.-calories, or about
21 million times as much heat as 1 cc. of detonating gas
yields on explosion. This evolution of heat is therefore of
quite a different order of magnitude from that observed in an
ordinary chemical decomposition, and this fact renders it very
unlikely that radium, the emanation and the other radioactive
products derived from radium are compounds in the ordinary
sense of the word. Similar emanations are given off by the
salts of thorium and actinium.

The most probable explanation of these remarkable
phenomena seems rather to be that the atoms of these radio-
active elements are unstable and a certain proportion of them
decompose in every unit of time. The first products are
themselves also unstable and these decompose in their turn
but at a different rate, and so on until a substance is finally
produced of which the atom is no longer unstable and the
radioactive properties disappear. All the radioactive elements,
therefore, are to be regarded as having only a temporary
existence under the conditions in which they are now found,
and the length of time required for their spontaneous decom-
position can be calculated from the rate at which they give off
their radiations. Thus one-half of any given quantity of radium
would decompose in about 2000 years, whilst the emanation
requires only about 4 days for half of it to be decomposed.

Of the elements previously known, only uranium and
thorium have been found to be radio-active and they undergo
changes very similar to those described for radium. Indeed
it has now been proved that radium is actually formed from
uranium, and this is probably the reason why all uranium

minerals contain a certain definite very small proportion of
2 H
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radium. Of the other radioactive elements mentioned above
as being found’in pitch-blende, polonium forms one of the
chain of products derived from radium, whilst the relations of
actinium to the other elements are not known.

The explanation just given of these phenomena introduces
the idea of the atom as a highly complicated structure possessing
an enormous store of potential energy. Certain atoms decom-
pose spontaneously, whereas others appear to be pﬂrfectiy stable.
At present we are unable to influence this decomposition in
any way, but are only able to observe the phenomena which
accompany. it, and to gather from these observations some
ideas as to the nature and relations of the elements.
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Absorption spectra, 458

Accumulators, 367

Acetaldehyde, 332

Acetic acid, 332

Acid properties, cause of, 452

Actinium, 462

Agate, 343

Alkali, manufacture, 169

Alkali metals, 148

general  properties
of, 192

Alkaline earth metals, 214

general pro-

(] LR

perties of, 230
Alloys, 116
Alumina, 316
Aluminium, 313

i bronze, 315

i chloride, 319

i hydroxide, 317

vy metallurgy of, 315
g nitrate, 319

s oxide, 316

. phosphate, 319

sulphate, 318
4 sulphide, 3zo0
Alums, the, 318
Amalgams, 250
Ammonia alum, 319
5 soda process, 175
Ammonium amalgam, 204

s bichromate, 409
I carbamate, 208
i carbonate, 208

” chloride, 208

Ammonium chloride, dissociation of,

209
i chloroplatinate, 430
5, compounds, detection
of, zog
o hydrosulphide, 206
5, hydroxide, zo4
-3 molybdate, 414
nitrate, 2oy
o nitrite, zo8
' persulphate, zoj3
bli salts, constitution of,
203

i sulphate, zog

b sulphide, 206
Amorphous substances, 135
Anglesite, 366
Antimonates, the, 109
Antimonic acid, 109
Antimonious oxide, 108
Antimoniuretted hydrogen, 111
Antimony, 106

alloys of, 113

a compounds, medicinal
uses of, 113

' oxychloride, 111

5 pentachloride, 111

o pentasulphide, 110

s pentoxide, 108

B trichloride, 110

i trioxide, 108

b trisulphide, rog
Apatite, 217
Argon, 432, 434

Arragonite, 221

2H2
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Arsenic, 93
" acid, g8
o detection of, 105
i molecular weight of, g5
' pentasulphide, 104
o pentoxide, g8
- trichloride, 103
5 tri-iodide, 103
T trisulphide, 103
Arsenious acid, g7
" chloride, 103
' oxide, g6
Arseniuretted hydrogen, 100
Arsine, 100
Asbestos, 346
Atomic heat, 127
,» volume of elements, 438,
440
»  weight, determination of, by
isomorphous  relations,
146
. weight, determination from
molecular heat, 132
»  weight, determination from
specific heat, 128
»»  weights, 5
5 standard of,
Auuc chloride, 286
,» hydroxide, 287
. oxide, 287
Aurichloric acid, 287
Aurous chloride, 286
- +» Cyanide, 287
. Oxide, 287
,,» sulphide, 287
Avogadro's theory, 1
Azoimide, 74

Barium carbonate, 229
., chloride, 229
,, detection of, 22
., dioxide, 228
hydroxide, 227
., metallic, 216
,»  nitrate, 229
o oxide, 227
.»  periodate, 56
+»  peroxide, 228
i sulphate, 228
Baryta, 227

Basic properties, cause t':-.f 452
Basic salts, 111
Bauxite, 313
Bell metal, 353
Bessemer process, 378
Bichromate cell, 304
Bichromates, o7
Bismuth, 114
i alloys of, 116
5 carbonate, basic, 119
h chloride, 118
o hydroxide, 117
3 monoxide, 118
nitrate, 119
i »»  basic, 119
5 ochre, 115
o oxychloride, 118
o pentoxide, 1zo
o sulphide, 119
trioxide, 117
]‘hsmuthlc acid, 120
Bismuthite, 115
Black ash process, 172
Blast furnace, 375
Bleaching powder, 220
4 = manufacture of,
176
Blister copper, 266
Blue vitriol, 268
Bog iron ore, 385
Boracic acid, 309
Borates, the, 310
Borax, 310
Boric acid, 309
detection of, 313

!'
o
|

L8 | LIt

Boron, 309
,» bromide, 312
.» chloride, 312
.» Huoride, 312
»» hydride, 312
,,» preparation of, 311
trioxide, 310
]?-rass 263
Braunite, 416
Britannia metal, 353
Bromic acid, 54
Bromides, the, 39
Bromine, 34
. detection in presence of
iodine, 52
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Bronze, 353
Bunsen's cell, 304
8 ice calorimeter, 126

Cadmium, 246
W chloride, 247
o hydroxide, 247
s oxide, 247
3 sulphide, 247
Caesium, 193
Calamine, 240
Cale spar, 220
Calcined magnesia, 236
Calcium, carbide, 224
electrolytic manu-
facture of, 307
i carbonate, z2zo
¢ chloride, 219
i cyanamide, 224
detection of, 225, 229

= hydroxide, 217
ha metallic, 215
£ nitrate, 223

5 oxalate, 225

o oxide, 217

,. phosphate, 223
v phosphide, 8g

2 sulphate, 222
' sulphide, 223
Calomel, 256
Calorie, 123
Calorimetry, 294
Carbon bisulphide, 340
,»  group, properties of, 370
.» halogen compounds of, 323
,»»  tetrachloride, 323
Carborundum, 350
Carnallite, 184
Cassiterite, 355
Cast-iron, 374
T composition of, 380
Catalysts, 31
Caustic potash, 184
» Soda, 154
electrolytic, manufac-
ture, 3os5
s ., manufacture of, 174
Cerussite, 366
Chalk, 221
Chalybeate waters, 383

Chance's process, 174
Chili saltpetre, 162
Chloric acid, 51
Chlorine, manufacture of, 176, 305
'y monoxide, 51
cy peroxide, 51
Chloroplatinic acid, 430
Chromates, 407
Chrome alum, 412
A iron-ore, 404
s vellow, 409
Chromic acid, 407
& chloride, 411
hydroxide, 411
o sulphate, 412
Chromium, 404
detection of, 413
o oxychloride, 410
s sesquioxide, 411
trioxide, 406
Chromosphere, 460
Chromous salts, 412
Cinnabar, 249, 255
Classification of elements, 436
Clay, 346
Cleavage, planes of, 135
Coal brasses, 389
Coarse metal, 263
Cobalt, 397
»» and nickel, separation of,
402
T carbonyl, 4oz
2 detection of, 4oz
Cobaltic oxide, 399
o sulphate, 400
Cobalticyanides, 4o1
Cobalto-cobaltic oxide, 400
Cobaltous chloride, 399
" hydroxide, 399
nitrate, 399
i oxide, 398 .
' sulphate, 399
Ceelestine, 226
Colcothar, 385
Colloids, 344
Common salt, 159
Compound radicals, 197
Condy's Fluid, 423
Conservation of energy, 291
Constitutional formulze, 195
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Copper, 262

s detection of, 273

.»  group, general properties

of the metals of, 288

.,  metallurgy of, 265

e pyrites, 262
Copperas, 383
Corrosive sublimate, 254
Corundum, 316
Cryolite, 313
Crystalline hydrates, zo

i structure, 135

Crystalloids, 344
Crystals, 134

v Symmetry of, 136

systems of, 137

Cuprammonium sulphate, 268
Cupric carbonate, 269

»» chloride, 269

.» hydroxide, 267

,»  Mitrate, 269

s Oxide, 267

»» Ssulphate, 268

»  sulphide, 269
Cuprous chloride, 270

A iodide, 272

* oxide, 271

% sulphide, 273
Cyanides, the, 337
Cyanogen, 338

= compounds of iron, 356

Deacon chlorine process, 177
Deliquescence, 19
Density of gases, 8
»+ 33 VApours, Io
Diagram of atomic volumes, 440
Dialysed iron, 385
Dialysis, 344
Dilute solutions, 135, 448
Dimorphous substances, 142
Disodium hydrogen phosphate, 83
Dissociation, 209
Dissolved . substances,
weight of, 449
Dolomite, 237
Double decomposition, 187
Dulong and Petit's theory, 128
theory, excep-
tions to, 130

molecular

|
1

Efflorescence, 19
Flectrical furnace, 307
Electrochemistry, 28
Electrode, 268
Electrolysis, 2g8

i laws of, 300
- technical applications
of,; 305
Electrolyte, 298 ; -
Electrolytes, constitution of, in

dilute solution, 3or
Electrolytic dissociation, 452
Electro-plating, 306
Electrum, 285
Elements, periodic system of, 442
1 table of, 443
£ valency of, 197, 438
Emery, 317
Energy of chemical systems, 291
.» Kinetic, 290
., potential, 291
Epsom salts, 238 |
Equilibrium, chemical, 30 .
Equivalents, 62 |

3 indirect determination
of, 67
. standard of, 7, 62
Esters, 328
Ethane, 328

Ethyl aleohol, 330

Felspar, 346
Ferric acetate, 387

.» acid, 388

,» arsenate, 387

,» arsenite, basic, 388

., chloride, 386

., compounds, 384

., hydroxide, 385

.+ Ditrate, 387

., oxide, 38g

,» phosphate, 387

., sulphate, 386

., thiocyanate, 388
Ferrocyanic acid, 389
Ferromanganese, 417
Ferrous carbonate, 383

chloride, 383
.+  compounds, 381
i hyvdroxide, 382
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Ferrons oxide, 382

it sulphate, 382

,»  sulphide, 384
Fluorine, 43

o equivalent of, 65
Fluorspar, 41, 217
Formaldehyde, 333
Formic acid, 334
Fraunhofer's lines, 458
Fusible metals, 116

(Galena, 363
Galvanic cell, 301, 304
German silver, 394
Glass, 346
Glauber's salt, 163
Gold, 283

,» assay of, 288

.+ bromide, 287

., chlorides of, 286

., oxides of, 287
Graphic formulze, 195
Gravimetric analysis, 66
Gray and white iron, 378
(Gireen vitriol, 383
Grove's cell, 304.
Gun metal, 353
Gunpowder, 189
Gypsum, 222

Hrsematite, 385
Halogen elements, the 24
T »» action of alkalis
on, 46
equivalents
63
general proper-
ties of, 58
Halogens, oxides and oxyacids of,
46
Hargreave's process, 171
Hausmannite, 416
Heat, mechanical equivalent of, 291
., of formation of substances,
294
Heavy spar, 228
Helium, 433, 434
production of, from radium,
463
Hemimorphite, 240

of,

Hess, law of, 295
Homologous series, 329

- Horn silver, 279

Hydrated oxides, 199
Hydrates, zo
Hydrazine, 73
Hydrazoic acid, 74
Hydriodic acid, 28
Hydrobromic acid, 37
Hydrocyanic acid, 336
Hydrofluoric acid, 41
Hydrofluosilicic acid, 349
Hydrogen bromide, 37

s fluoride, 41

vy 1odide, =28
Hydroxides, constitution of, 198
Hydroxyl, 198
Hydroxylamine, 74

o hydrochloride, 74

Hypobromites, the, 49
Hypochlorites, the, 49
Hypochlorous acid, so
Hypoiodites, the, 49
Hypophosphorous acid, 8g

Iceland spar, 221
Incandescent gas mantles, 369
Indicators, 156
Infusible white precipitate, 254
[odic acid, 52
lodides, the, 32
lodine, 25
dissociation of, 211
equivalent of, 64

+» manufacture from Caliche, 54
monochloride, 54
268
372
o alum, 386

.» carbonyl, 389

,» cvanogen compounds of, 38¢g

,» detection of, 391

.. group, properties of, 403

.» metallurgy of, 374

.+ mordant, 387

. Ores, 373

.+ pyrites, 389

., rusting of, 386

.» volumetric estimation of, 409
[somorphismn, 143

lons,
Iron,
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Kainite, 191
Kelp, 25
Kieselguhr, 343
Kieserite, 238

Krypton, 433
Kupfer-nickel, 393

Lapis lazuli, 320
Lead, 360

. acetate, 364

,» action of, on water, 368

., bromide, 365

»» carbonate, 366

.» chloride, 365

., chromate, 409

,, detection of, 369

., hydroxide, 364

.. lodide, 365

,, monoxide, 364

.. nitrate, 364

v peroxide, 367

., sulphate, 366

.+ sulphide, 365

tetrachloride, 368

1.e Iilam: process, 170
Leclanché cell, 3035
Leucite, 346
Lime water, 219
L.imestone, z21
Limonite, 385
List of elements, 443
Litharge, 364
Lithium, 193
Liver of sulphur, 191
Lixiviation, 172
Lucifer matches, 79
LLuminous paint, 22
Lunar caustic, 273

Magnesia, 236

2 alba, 238

i mixture, 237

usta, 236

Magnesnan limestone, 237
Magnesite, 233
Magnesium, 233

’ ammonium phosphate,

239
" carbonate, 237
n chloride, 239

Magnesium, detection of, 240

’ hydroxide, 237

b nitride, 239 1

" oxide, 236

it sulphate, 238

ik sulphide, z40
Magnetic oxide of iron, 388
Malachite, 270
Malleable iron, 375 *
Manganates, 421
Manganese, 416

- compounds, general

relations of, 426

i detection of, 426

. dioxide, 420

' mud, 177

it red oxide of, 420

% sesquioxide, 420

trioxide, g2z

Mangﬁmc chloride, 420

o salts, 420

o sulphate, 420
Manganous chloride, 419

ww . hydroxide, 418

i nitrate, 420

o oxide, 418

i salts, g417

i sulphate, 419
sulphide, 420

T

Marble, 221
Marsh's test, Yoo
Matches, 79
Mechanical equivalent of heat, 2g1
Meerschaum, 346
Mendeléeff's Table, 442
Mercuric chloride, 254
W iodide, 255 4
i nitrate, 255
! oxide, 253
» sulphate, 255
o sulphide, 255
Mercurous chloride, 256
=5 iodide, 258
nitrate, 258
i oxide, 256
Mercury, 249
o detection of, 258
Meta-arsenic acid, 98
Metals, general properties of, 70
Metaphosphoric acid, 85
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e ——

Metastannic acid, 356
Meteorites, 372
Methyl alcohol, 325
,»  chloride, 324
Milk of ime, 218
Minerals, analysis of, 228
Mixed crystals, 144
Molecular depression of freezing

point, 448
v heat, 131
o weights, 1
¢ 2 determination
of, 8, 449

of gases, deter-

mination of, 8
e standard of, 2

\Tolybdenum compounds, 414

Monochloramine, 73

Monochloromethane, 324

Mordants, 318

Muscovite, 346

L3 ] L ]

Neon, 433
Nessler's reagent, 255
Nickel, 393
»» carbonyl, 396
,»» chloride, 395
,, detection of, 396
,»» hydroxide, 395
v oxide, 304
sesquioxide, 395
. Steel, 304
.» sulphate, 395
,» sulphide, 3935
.+ trihydroxide, 395
Nitric acid, electrical
of, 306
Nitrification, 186
Nitrogen group, general properties
of the elements of, 120
w0 iodide, 75
2 peroxide, dissociation of,
212
P trichloride, 75
Nitrolim, 224
Non-metals, general properties of,
70
Normal sodium phosphate, 83
solutions, 157

production

Orpiment, 103

Orthophosphates, the, 83
Orthophosphoric acid, 8z

-‘Oxyacids, constitution of, 199

Yaraffins, the, 329
Parkes’ process, 363
Passive iron, 373
Pattinson's process, 363
Pearl ash, 185
Perchloric acid, 55
Periodic acid, 56
Periodic system, 436
Permanganates, 421
Permanganic acid, 423
Persalts, 206
Pewter, 361
Phosphides, metallic, 8¢
Phosphine, 87
Phosphonium iodide, 89
Phosphoric acids, the, 81

e anhydride, 8o
Phosphorous acid, 87

i anhydride, 86
Phosphorus, 76

allotropic forms of, 77

i oxychloride, g1
o pentachloride, go
o pentafiuoride, g1
s pentoxide, 8o

. red, 78

= trichloride, go

o trioxide, 86

yellow, 77
PhﬁSphun*ltvd hydrogen, 87
Photography, 280
Pitch-blende, 414
Plaster of Paris, 223
Platinic chloride, 431

y, hydroxide, 431

., sulphide, 431
Platinous chloride, 431
Platinum, 428

i black, 429
Polonium, 462
Polymorphous substances, 143
Porcelain, 347
Potashes, 185
Potash mica, 346
Potassium, 181

i alum, 318
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Potassium aurichloride, 287
" aurocyanide, 287
= bicarbonate, 186
bichromate, 408
bisulphate, 191
i bromate, 54
3 bromide, 185
carbonate, 185
chlorate, 185
,»  composition of,
48
.«  manufactureof,
179
preparation of,
46
" chloride, 184
i chloroplatinate, 430
= chromate, 408
7 cobalticyanide, 4ot
¥ cyanate, 338
cyanide, 340
detection of, 191
o ferricyanide, 390
o ferrocyanide, 389
1 hydrosulphide, 191
i hydroxide, 184
' hypochlerite, 49
1 iodate, 53
M. iodide, 185
manganate, 422
43 metantimonate, 109
= monoxide, 184
. nitrate, 186
S nitrite, 1go
; percarbonate, 206
’ perchlorate, 55

permanganate, 422
) platinocyanide, 431 .
plumbate, 368
- stannofluoride, 356
5 sulphate, 191
i sulphide, 100
g sulphocyanide, 338
A thiocyanate, 338
Prussian blue, 390
Psilomelane, 416
Puddling process, 378
Purple of Cassius, 288
Pyrargyrite, 270
Pyroarsenic acid, g8

Pyrolusite, 416
Pyrophosphoric acid, 86

_Quartz, 342

Quicklime, 217

Radioactive elements, 462
Radium, 462
A emanation, 464

Realgar, 103
Recrystallisation, 21
Red lead, 366
Red prussiate of potash, 300
Reinsch's test, gs
Reversible reactions, 3o
Rock crystal, 342

. salt, 159
Rose's metal, 116
Rouge, 385 '
Rubidium, 193

Safety matches, 79
Sal ammoniac, 208
Sal volatile, 208
Salt-cake process, 171
Saltpetre, 186
Salts, reactions of, 160
Scheele's green, g7
Selenite, 222
Sesquicarbonate of ammonia, 208
Silica, 342
Silicates, the, 345
Siliceous calamine, 240
Silicic acid, detection of, 350
Silicides, metallic, 349
Silicon, 342

.» bromide, 350

,» carbide, 350

chloride, 350

.+ fuoride, 349

v free, 347

.» hydride, 349

., oxide, 342
Silver, 275

.. arsenite, g7

., bromide, 280

.,» chloride, 279

,» chromate, 409

» cyanide, 282

., detection of, 282
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Silver, equivalent of, 63
s glance, 275, 282
., lodide, 280
,» metallurgy of, 277
,» nhitrate, 2738
»» Oxide, 279
.+ sulphate, 282
sulphide, 282
Shkul lime, 217
Smalt, 400
Soda ash, manufacture of, 170
»» crystals, 160
2 manufacture of, 173
Sudlum 149
;v -amalgam, IgT
- arsenate, gg
0 bicarbonate, 161
manufacture

¥ LI
of, 173
.»  bromide, 160
i carbonate, 160
;» chloride, x50
e cyanide, 162
- detection of, 166
»  dihydrogen phosphate, 84
o electrolytic nnnufaf:turc of,
305
»»  hydride, 159
id hydroxide, 154
’ iodide, 160
»»  metaphosphate, 8g
»»  monoxide, 153
i nitrate, 16z
o nitrite, 163
2a perborate, 206
X periodate, 56
5 peroxide, 152
»»  phosphate, normal, 83
»»  pyrophosphate, 86
»»  Silicate, 345
£ sulphate, 163
o5 = hydrates of, 2o
sulphite, 163
c:mllum. tetrathionate, 163
»»  thiosulphate, 164
Solar chemistry, 458
Solder, 353
Solutions, properties of, 15
Spathic iron ore, 383
formula of, 146

ir 1y LI}

Specific heat, 124

Spectroscope, 457
Spectrum analysis, 454

' Specular iron ore, 385

Speiss cobalt, 397
Spiegeleisen, 417
Spongy platinum, 429
Standard solutions, 157
Stannic chloride, 356
., fuoride, 356
«» oOxide, 355
.» Sulphide, 356
Stannous chloride, 357
W hydroxide, 357
' nitraie, 358
" sulphide, 358
Steel, 375, 380
,»» manufacture of, 378
Stibine, 111
Strontia, 226
Strontianite, 226
Strontium carbonate, 226
2 chloride, 226
detection of, 226, 229
s hydroxide, 226

o metallic, 216
" nitrate, 226
2 oxide, 226

5.ulph ite, 226
Structural formulae, 105
Substitution, 324
Sugar of lead, 364
Suint, 185
Sulphonic chloride, zoo
Sulphur recovery, 174
Superphosphate, 224
Supersaturated solutions, 166
Sylvine, 184
Symmetry, planes of, 136

Table of elements, 443
Tale, 346
Tetrachloromethane, 325
Thenard's blue, 400
Thermite process, 315
Thermochemistry, 2go
Thiantimonates, 110
Thiantimonites, 10g
Thiarsenites, 103
Thorium, compounds, 369
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Tin, 351 White lead, 366

,, detection of, 358 ,, Imetal, 266

,» metallurgy of, 351 . vitriol, 245

. StONie;" 3EE, 35K Witherite, 229
Tincal, 310 Wollastonite, 346
Titration, 158 Wood's metal, 116
Tridymite, 342 Wrought-iron, 375, 378, 380
Trimorphous substances, 143
Tungsten compounds, 414 Xenon, 433 g
Turnbull's blue, 391
Type metal, 361 Yellow ochre, 385

»»  prussiate of potash, 389
Ultramarine, 320

Unit of heat, 123 Zaffre, 400
Uranium compounds, 414 Zinc, 240
. »» blende, 245
Valency, 197, 438 .» carbonate, 245
Vapour density, 10 .» chloride, 245
Vegetable alkali, 182, 185 ., detection of, 246
Verdigris, 270 .» group, general properties of
Volumetric analysis, 155 the elements of, 259
: ,» hydroxide, 244
Washing soda, manufacture of, 173 ., nitrate, 245
Water, action of lead on, 368 ., oxide, 244
,»  of crystallisation, 18 ., sulphate, 243
Weldon, chlorine process, 176 ,» sulphide, 245
White arsenic, g6 Zincite, 244
!
THE END

Printed by R, & R. Crare, Livitep, Edinburgh.




=
x
¥
i 1
iy
i
3
=
.
& r
e
. T
i
S
I
-
¢
r
=

1k













