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PREFACL

Tais little book contuins (in a condensed form) the
introductory portion of the annual course of Chemical
Lectures delivered to the students of the College of
Science, Poona.

It would seem scarcely necessary to remark that the
present volume is by no means to be regarded as a
Treatise on Chewmistry ; but, on the contrary, it is
intended (as the title page indicates) to serve as an
introduction to the alrcady numerous and, I may say,
encyclopwdic treatises on the subject by modern authors.
With this object in view, T have endeavoured to develop
the leading principles of the science in a simple but
connected and logical order, suited, alike, to the wants of
the student preparing for his exaimination, as to those of
the general reader, who, in these days of scientific
progress, cannot afford to be completely ignorant of the
fundamental principles of Chemistry.

I have undertaken the work with the view of providing,
for the students attending iny own lectures, an Introduc-
tory Text-Book, which should, at the same time, be
sufficiently elementary to meet the moderate requirements
of all stwdents preparing for University Matriculation,
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CHAPTER I.

METRIC SYSTEM,

The first lesson a boy has to learn, when he determines
to study Chemistry, is the decimal system of weights and
measures, known as the Metric System.

I am quite sure you will admit that the most difficult
book you ever had to learn was the Penny Table Book of
British Weights and Measures, containing probably some
20 pages or more of the most confused and unscientific
stuff imaginable. A French boy can write all his tables
on the palm of his hand, and so can you when you have
learnt the Metric System.

This system was established in France in the year 1798,
and after the lapse of nearly 100 years England’s eyes
have seen that it is more scientific and advantageous than
its own. By Act of British Parliament (27 and 28 Viet.,
cap. 117, 29th July, 1864) the use of the Metric Bystem
of Weights and Measures has been rendered legal. The
weight of the Kilogramme (as laid down by that Act) is
15432-3487 English grains.

The base of the system is the metre—from the Greek
pérpov (metron) a measure—which is a standard rod of
platinum made by Borda to represent, at 0°C., the one-
ten millionth part of a quadrant of the meridian of Paris.
Copies of this rod, then, denote metres at the temperature
0°C.

The metre is the unit of length, and is sub-divided and
multiplied in accordance with the decimal scale ; the tenth,
hundredth and thousandth parts are called decimetre,

1



2 METRIC UNITS. [cHAP, 1.

centimetre and millimetre respectively. The multiples
by 10, 100, 1,000 and 10,000 are called decametre,
hectometre, kilometre and myriametre respectively.

The wunit of superficial, or square, measure is a square,
each side of which is one decametre in length, and is called
an are—I[rom areas, an open space. The are is sub-
divided and multiplied in the same manner as the metre.

The unit of capacity, or of cubic measure, is a cube,
each edge of which is one decimetre in length, and is called
a litre—from litra, a liquid measure. The litre is
divided and multiplied according to the decimal scale.

Note.—For measuring timber, &c., the cubic metre is generally
used, and is called a stere—from orepeos (stereos) solid.

The unit of weight is the weight of one cubic centimetre
of distilled water at its maximum density (i.e., at the tem-
perature 4° C.), and is called a gramme—from ypapud
(gramma), figuratively used for a small weight. It,like the
metre, litre, &c., is sub-divided and multiplied decimally.

As we are about to adopt these measures universally, it
will be well, in order to avoid mispronunciation, &c., to
remove their French aspect and Anglify the names of the
units by spelling them thus—

meter, are, liter, gram.

These being the units we may write our table-book as

follows—reading both ways from the unit.
( Myria—

( Deca—
~ Unit.
Deci—

Submultiples ...{Centi—
Milli—

By inserting the unit of the particular measure required
and prefixing the Greek terms Deca, Hecto, Kilo, Myria,



CHAP. 1.] METRIC TABLES. 3

you. have its mulitiples by 10, 100, 1,000 and 10,000 re-
spectively. In a similar manner, by prefixing the Latin
terms Deci, Centi, Milli, you have its submultiples, or one-
tenth, one-hundredth, and one-thousandth part of the
particular unit employed.

For example: if we insert gram for unit in this table,
we may write its multiples thus—beginning at the unit
and reading up—

Myriagram,
Kilogram,
Hectogram,
Decagram

Similarly we write the scale of sub-division thus—
beginning at the unit and reading down—

gram,
Decigram,
Centigram,
Milligram,

and so on with the other units.

As an example of the advantage of this system when
compared with the old English one, let it be required
to caleulate the number of milligrams in a myriagram.
The term myriagram at once tells us that it contains
10,000 grams; again the name milligram indicates the
wth part of a gram; hence 10,000 X 1,000=
10,000,000 is the number of milligrams in a myriagram.

Take a similar example and work it by the English
system. Let it be required to find how many grains are
in one ton. For this purpose you have to multiply by 20 to
get cwts., then by 4 to get quarters, and quarters by 28 to
get pounds, pounds by 16 to get ounces, ounces by 16 to
got drams, and drams by 273 to get grains. The task
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indicated by these successive multiplications is enough to
frighten the most profound mathematician ; and though
it may be accomplished in five or ten minutes by a smart
boy, yet how many mistakes is he liable to make before
he arrives at the correct answer!

As these measures (though employed in all modern
books on Chemistry and Physical Science) have not yet
come into general use, it will be necessary, until they are
actually made compulsory, to be able to convert them
into their old English equivalents when you want to get
some fixed ideas as to their meaning. But now that we
have the weights and measures of the Metric System
before us on the table, we can, by the aid of our senses,
form fixed ideas as to their actual size; for instance, we
see that a Liter (=176 pints), the full of which of water
at 4° C. weighs a kilogram (=23 1bs.), does not differ very
much from the Poona Seer.

The following are the English equivalents of the Metric
units :—

Are = 119:60333 sq.yds. = 0-:0247 acre.

Liter = 6102705 cub. in. = 1:76077 pints.
Gram = 1543234 grains = 0-002205 lbs. (avoir.)
Stere = 1 cubic meter =~ = 353171 cubic feet

From these values of the several units it follows that—
. 20 Meters = 65°618 ft., or very nearly one chain.*
1 Hectare = 2'47 acres = 2% (q. p.) 1
1 Hectoliter = 22 gallons
1 Kilogram = 2205 lbs. (avoir.)
1 Kilometer = 06214 of a mile = § (q. p.)
64 Meters = 70 yards (q. p.)
1 Meter = 109 yards, or (g. p.) 11.
1 8q. Meter = 1189 sq. yards, or (q. p.) 1'2.
1 Cub. Meter= 1:296 cub. yds. or (q. p.) 1'3.

* One Gunter's chain or 66 feet=20-12 meters.
+ Stands for ¢ quam proxime,’ signifying as near as possible.
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Hence for rapid approzimation we may use the follow-
ing :—
Rule—Maultiply meters by 1'1 to get yards.
Multiply sqr. meters by 12 to get sqr. yards,
Multiply cub, meters by 1'3 to get cub. yards.

Also we have—

(1 Inch = 254 ocentimeters (q. p.)
1 Sq. Inch = 6-45 sq. ” »
11 Cub. Inch=16-386 cub. ,, ”

50-8 kilograms = 1121bs. =1lewt.; and 1 grain= 0-0648gram.

The thermometer we use, in conjunction with the Metric
System, is that of Celsius, otherwise called the Centigrade
thermometer, from the manner in which it is graduated.

This thermometer is so graduated that when it is
immersed in melting ice the top of the mercury column
stands at 0° or zero, and the degrees below this point
are indicated by a minus sign: thus — 20° signifies
20 degrees below zero.

That point on the stem at which thetop p ¢
of themercury stands when the therinometer
is immersed in steam issuing from boiling
water (while the barometer reads 760 milli- o2 Hioo
meters) is marked 100°, '

The same space (or that between the freez-
ing and boiling points) on the Fahrenheit
scale is divided into 180 degrees. (See
Fig. 1.) Consequently a degree centigrade
=188="2ths of a degree Fahrenheit.

The point marked 0° on the Centigrade
corresponds with 32° on the Fahrenheit
thermometer. Hence if we wish to con-
vert Fahrenheit degrees into Centigrade,  Fig. 1.

32 (]
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we must subtract 32 from the number of Fahrenheit
degrees, before converting them into their equivalent in
Centigrade degrees; and comversely, we must add 32 to
whatever number be found, when we convert Centi-
grade degrees into Fahrenheit. Hence we derive the
following :—
RuLes.
1st.—To convert any number of degrees Fahrenheit
into an equivalent number of Centigrade degrees—Sub-
tract 32 from the number (F) and multiply the remainder
by §.
Ezample.—Let itberequired to convert 122° Fahrenheit
into its equivalent in Centigrade degrees—
122 less 32 = 90
90 x §=50° Centigrade.
2nd.—To convert any number of degrees Centigrade
into its equivalent in Fahrenheit degrees.—Multiply the
number (C) by £ (or 1'8), and to the product add 32.
Ezample.—Let it be required to convert 95° Centigrade
into its equivalent in Fahrenheit degrees—
95 x 1:8=1T71
171 + 32 =203° Fahrenheit.
Centigrade degrees are easily converted into Fahrenheit -
(mentally) by the following : —
RuLe.—Double the number of degrees (C), deduct one-
tenth of this, and to the remainder add 32.
Thus 50° C = (100 less 10 plus 32)
(90 + 82) = 122° F.

Also
—40° C = (— 80 less — 8* plus 32)
= (—72+4 32) = —40°F.
Therefore both scales read the same at 40 degrees
below zero, on either thermometer.

* To be subtracted algebraically.
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TRENCH AND ENGLISH MEASURES.
A DECIMETRE DIVIDED INTO CENTIMETRES AND MILLIMETRES.

T Pl 3 4 3 O Ui o N 0

Fesestanaltscuasnnnnsianis
Y IJJI]_;AJI]“:’,\_]_I_[TTIIJAJ‘IIJJ_]J—I]l}'lJJAL
%

4 Inches divided into tenths.

METRIC MEASURES IN EQUIVALENT ENGLISH
MEASURES.

MEASURES OF LENGTH.
1 Millimetre = 0:03937079 inch, or about gy inch.
1 Centimetre = 0-8937079 inch, or abput 04 inch.
1 Decimetre = 8-937079 inches.
1 Metre = 89-37079 inches = 8281 feet nearly,
1 Kilometre = 3937079 inches.

MEASURES OF AREA.

1 sq. millimetre = 0-00155006 sq. inch.
1 sq. centimetre = 0-155006 sq. inch.
1 sq. decimetre = 155006 sq. inches.
1 sq. metre = 155006 8q. inches, or 10'764 sq. feet.

MEASURES OF VOLUME.
1 cub. centimetre == 0:610271 cub. inch.
1 cub. decimetre = 610271 cub. inches.
1 cub. metre = 610271 cub. inches.
The litre (used for liquids) is the same as the cubic decimelre,

MEASURES OF WKIGHT.
1 Milligramme = 0:015432349 grain,
1 Centigramme = 0-15432349 grain.
1 Decigramme = 1-5432349 grains.
1 Gramme = 15-432349 grains.
1 Kilogramme = 15432-349 grains, or 2:2 1bs. nearly.

COMBINED UNITS.
1 Gramme per 8q. centimetre = 2048098 lbs. per sq. foot.
1 Kilogramme per sq. metre = 02048098 ,, »
1 Kilogramme per sq. millimetre = 2:048098 ,, "
1 Kilogramme-metre = 7-23314 foot-pounds.
= 7% foot-pounds nearly.
1 force de cheval = 75 kilogrammetres per second, or 542 foot-
pounds per second nearly; 1 horse.power (English) =550 foot-pounds
per second, or 83,000 foot-pounds per minute,
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ENGLISH MEASURES IN EQUIVALENT METRIO

MEASURES.
MEASURES OF LENGTH. MEASURES OF OAPACITY.
1 inch =25'89954 millimetres. 1 pint  =05676 litre.
1 foot =0'804794 metre. 1 gallon =4-5410 litres.
1 yard=09148834 metre. 1 bushel =86'8281 litres.

1 mile=160932 kilometre.

MEASURES OF AREA. MEASURES OF VOLUME.
1 gq. inch=645-187 sq. milli'tres. 1cub.inch=16386-6 cub.milli'tres.
1 sq. foot =0'0929 sq. metre. 1 cub. foot=0-0283 cub. metre.
1 sq. yard=0'83609 sq. metre. 1 cub. yard =0-7645 oub. metre.
1 sq. mile=2-59 sq. kilometres.

MEASURES OF WEIGHT.

1 grain = 0°064799 gramme,
1 oz. avoir. = 28'3496 grammes.
1 lb. avoir, = 04585 kilogramme,
1 ton = 101605 tons.

= 101605 kilog.

COMBINED UNITS.
1 1b. per sq. foot = 488261 kilog. per 8q. metre.
1 1b. per sq. inch = 00703 kilog. per sq. centimetre.
1 foot-pound = 01882 kilogrammetre.

N.B.—For Exercises on the Metric Bystem the student is referred o the
Chemical Gymnasium at the end of this Volume.



CHAPTER II.

CHEMICAL PHILOSOPHY—GENERAL
PRINCIPLES.

Chemistry is thatbranch of Experimental Science which
has for its object the determination of the composition
and properties of the different varieties of matter with
which man is acquainted, and of their actions and re-
actions with one another.

Though Heat, Light and Electricity do not lie within
the strict limits of our subject, yet a knowledge of the
operations and effects of these physical agents on matter
is of prime importance to the Chemist; consequently, in
the course of study which we have set before us, it will be
necessary to make frequent reference to the phenomena
exhibited by such agents:

Modern Physics teaches that Heat, Lightand Electricity
are but so many forms of wndulatory motion. Just as
Sound is produced by the vibrations of air, so Heat, Light
or Electricity may be produced by rapid vibratory motions
of material particles.

Heat, Light and Electricity are transmitted by wave-
like vibrations of an imponderable elastic ether, which
(there are good reasons for believing) fills all space and
the pores which exist in all bodies, in whatever state they
may be.

All known forms of matter have weight (a term relative
to the foree of gravity) and impenetrability which means
that property of a body which enables it to occupy a
certain space, and to prevent the portion of space in which
it rests from being occupied by any other body at the
same time with itself; for example, I take a cube of fluor
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spar and place it on the table before your eyes ; now you
can see, plainly, that it would be impossible for me to put
another cube in the space occupied by the first, without
displacing it ; this property of the cube of fluor spar is
called impenetrability, and is possessed alike by solids,
liquids and gases. Again, all material bodies are ponder-
able, and are thereby distinguished from the ether which
permits the transmission of Heat, Light and Electricity,
&e.

The development of heat by mechanical action has led
to the overthrow of the material theory—which supposed
heat to be & subtle imponderable variety of matter. Gmelin,
for instance, says heat is that substance whose entrance
into our bodies causes the sensation of warmth, and its
egress the sensation of cold.

The celebrated chemist Davy was the first to disprove
the materiality of heat. Davy showed that ice could be
liquefied by mere friction.

Rumford was the next experimenter in this field of re-
search. He actually boiled about 2 gallons of water
(originally at 60° F.) by the friction of boring a brass
cylinder immersed in it. The brass eylinder weighed
113 1bs., and the time occupied in bringing the water to
the boiling point was 2} hours. Rumford conecluded,
from this experiment, that heat must be motion.

Heat is now regarded as a *form of motion,” or rather
molecular vibration. Thus when & cannon ball is let fall
from the top of a tower, its motion appears to cease when
it comes in contact with the ground; such, however, is
not actually the case, but its linear motion is thus con-
verted into a vibration of its molecules which is exhibited
in an elevation of the temperature of the ball.

Experiments, made in Paris, have proved that water
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may be warmed by letting heavy balls fall into it from a
considerable height.*

The stoppage of the motion of carriages, &c., by friction
furnishes another illustration of the conversion of direct
motion into heat. The ¢brakes’ on railway carriages
occasionally take fire from the heat produced in this way.
Heat is also convertible into direct and visible motion, as
in the case of the Steam Engine.

If heat be not a kind of motion (viz. molecular vibra-
tion) it becomes most difficult to explain such
phenomena.

All varieties of matter exist in one or other of three
states, namely, the solid, the liquidt and the gaseous, or
aeriform. Some bodies are found in, or can be made to
assume, each of the three different states. Water, for
instance, is found in nature as a solid (ice) in the Arctic
regions, and occasionally in warmer countries, and ice
can easily be produced artificially ; it is found as a liquid
in oceans, seas, rivers, and wells, &c., and in the form of
rain falling through the air; as a gas, in the jets of steam
issuing from the geysers of Iceland and volcanoes of that
and other countries—also in our atmosphere (as vapour),
and is produced artificially in the boiler of the steam
engine for purposes of locomotion, &e.

The following experiments will show that other sub-
stances than water are capable of changing their state :—

Here I have a few fragments of sulphur in a flask, I
warm the flask over a spirit lamp, and I continue to do
o till (as is the case now) I see its contents become
liquid ; the sulphur has now changed its former solid for
its present liquid form. Let us now observe, what will be

* It has been even proposed to boil eggs by letting them fall
from a great height ! !
t An intermediate state called the viscous is also recognizable.
Gummy and gelatinous substances generally may be said to be in
the viscous state.
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the effect of a further application of heat to the molten
sulphur. Well, you see that the sulphur is now escaping
out of the neck of the flask, in the form of vapour; and by
inverting another flask over the neck of the first, we can
collect the vapour of sulphur in a condensed state in the
inverted, or cold, flask. 'When in this condition it is
known as sublimed sulphur.

Here is some sulphuric ether ; you see it is in the liquid
state, but now I will warm the beaker a little, and you
will soon perceive that the liquid will no longer be visible ;
it will be all converted into vapour at 36° C. You see
now the vessel is apparently empty; the presence of its
vapour, however, may be shown thus:—I bring this
lighted taper just over the beaker; and there! you see
the gaseous ether burst into flame. If, instead of heating
the liquid ether, I were to cool it sufficiently, it would
become & solid, having the appearance of camphor.

I throw these few grains of iodine into this large flask and
gently heat it; now observe the flask is filled with a
beautiful violet-coloured vapour. In this case the iodine
is changed directly from the solid to the gaseous form,
without passing through the intermediate or liquid state—
such a process is called sublimation. The iodine, how-
ever, may be liquefied by heating it under greater pres-
sure, There are afew other substances which behave in a
similar manner, but, as a general rule, most substances
puss through the liquid stage, on their way to the gaseous,
from the solid state. .

You will have noticed that, in all these experiments, the
power employed to do the work of changing the condition
of the substance experimented upon was heat. Heat,
then, has power to do work, and is, therefore, a form of
energy.

All perceptible masses of matter are considered to be
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made up of particles very much smaller than anything
weocan see. A cannon ball may, by mechanical means,
be divided into very small pieces, so small that one piece
would be scarcely visible to the naked eye; by chemical
means, however, we can bring it to a much finer state of
division ; for example, let us take one grain of iron, dis-
solve it in this acid,* and then add water until the whole
solution equals one gallon. Here then is a gallon of
solution containing in it one grain of metallic iron, uni- -
formly distributed throughout the water. Now by letting
a few drops of another *solution (potassium ferrocyanide)
fallinto the gallon of clear liquid, the whole of it instantly
becomes blue. If we remove nl‘bth part of a grain of
this coloured solution, and place it on a sheet of white
paper, the blue colour of the little drop will be distinctly
visible ; and as the blue colour of this little speck is due
to the presence of a portion of the iron originally con-
tained in the first solution, we have evidently succeeded in
dividing a grain of iron into seven million parts, for a
gallon of water contains 70,000 grains and i-(l)—oth part of
the grain is therefore the one-seven millionth part of a
gallon. It is scarcely necessary to say that the quantity
of metallic iron in that little drop of blue water
(= 7mopth Of & grain) is so indefinitely small as to
be perfectly invisible. From considerations of this kind
it has been thought that there is no limit to the divisi-
bility of matter, or in other words, that it is indefinitely
divisible.  However, all chemists are opposed to this
idea, and the general doctrine taught by them is that
there is a limit to the divisibility of matter, and when
that limit is reached there is left only the witimate chem:-
cal particles of which the entire mass is made up. Such
ultimate particles, as they are supposed not to admit of

* Hydrochlorio (containing a drop of nitric) acid.
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further division, are called atoms, from the Greek term
dropos (atomos), signifying indivisible.*

As we shall have occasion again to refer to the doctrine
of atoms, I shall say no more about it until we have
studied the laws of combination. It will, however, be
convenient, for the purposes of explanation, occasionally
to use the term atom as an equivalent for ultimate
chemical particle.

Large masses of matter, then, may be regarded as
composed of aggregations of these particles, or atoms,
held together by the mutual attraction of each other and
the force of cohesion, more properly called molecular
attraction. Cohesion, or molecular attraction, binds
together groups of atoms, or molecules,t which again are
composed of simple atoms, held together by chemical
attraction, otherwise called affinity.

Although the molecules of bodies are held together by the
attraction of cohesion still they are not in actual contact ;
the molecules, it is supposed, do not touch each other, but
have little spaces, or pores, between them. The probability
of the truth of this conclusion has been greatly increased
by the celebrated Florentine Experiment, which has satis-

* Sir William Thompson has communicated to Nature a re-
markable paper on the size of atoms, in which he deduces the
conclusion that in ordinary liquids or transparent solids the mean
distance between the centres of contiguous molecules is less than
the hundred-millionth, and greater than the two thousand-
millionth of a centimetre.

«If we imagine (he says) a globe the size of a pea to be magnified
to the size of the earth, then each molecule would, on this sup-
position, be larger than a pellet of small shot, but less in size than
a cricket ball. The hypothesis is supported by many convergent
considerations, one of which is that a soap bubble probably bursts
when it becomes too thin to contain several atoms in its thickness,
and as the thicknesses of a soap bubble are known from the
nature of the colours reflected, a limit is obtained to the maximum
size of the atoms composing it.’

t+ Molecule (molecula, a little mass) the smallest (ius.ntity of a
substance which can exist by itself, is the physical particle in
contradistinction to the chemical particle, or atom.



CHAP. 1IL] POROSITY OF MATTER. 15

factorily established the fact that gold is porous. This
beautiful experiment was undertaken by the Florentine
academicians for the purpose of trying whether water was
compressible or not. They filled a hollow globe of gold
with water, and having hermetically sealed it, they
subjected it to great external pressure, knowing (from
the mathematical properties of the sphere) that if it
changed its shape at all in yielding to the pressure, the
water must have contracted in bulk, and consequently be
compressible ; however, it was found that, without
solving the problem in question, the water came through
the gold and appeared like dew-drops on its external
surface.

From the result of this experiment it is evident that
gold is porous, and if such & dense body as gold be
porous, it is not difficult to believe that other bodies may
be 8o too.* The facts that most bodies, no matter how
dense, can be made more so by hammering and by the
reduction of their temperature, are strong arguments in
favour of the porosity of matter.

If we take a piece of iron or other
metal and hammer it briskly on an
anvil it will become smaller. Again _
if we take a metallic ball, and reduce ¥
its temperature considerably, it will ;
be found that it will contract in :
volume, which can be made evident '
by making it pass through a ring i
(Fig. 2), through which it would not go -
before its temperature was reduced. -

It has been concluded that the Fig. 2.

* Copper and Zinc have recently been shown to be porous, by
experiments made at Manchester. Spermaceti oil contained in a
brass (i.e. & mixture of copper and zinc) cylinder was forced, by
pres:v_iu&a, through the pores of the brass, until the cylinder was
emptied.
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porosity of matter is due to the existence of a repulsive
Jforce between its particles, which has been called by
Philosophers molecular repulsion, in contradistinction to
molecular attraction, or the force of cohesion, which acts
in an opposite direction. From experiments of the
above nature and a knowledge of the general effects of
heat on matter, it is now generally admitted that the
force called molecular repulsion by the early Philosophers
is identical with heat itself. On this hypothesis the
phenomenon of change of state is easily explained: for
we know that by the aid of heat solids are converted into
liquids, and liquids into gases.

In all masses of matter, then, we must admit the
existence of two forces, the attraction of cohesion tending
to draw the molecules closer together, and heat tending
by its action to drive those very same molecules farther
asunder. Hence, when matter occurs in the solid state,
the force of cohesion overcomes the repulsive force exerted
by heat. In the liquid state these two forces exactly
balance each other; but in the gaseous condition the
repulsive must far exceed the attractive force. Con-
sequently, we may say that the existence of any body in
one or other of the three states—solid, liquid, or gaseous—
8 solely dependent on the quantity of heat it contains
(pressure being supposed constant).

The quantity of heat absorbed by a body during the
process of changing its state is very appropriately called
¢ Constituent Heat,' and also ¢ Latent Heat,” because this
amount of caloric has no effect on a thermometer, and is
therefore said to be latent in the substance.

I have here used the term ¢ quantity of heat,’ and before
going further it will be necessary to explain its meaning
to you. Although we have no means of measuring the
absolute quantity of heat contained in any body, yet we
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may fix upon some frelative standard, by which we can
compare the different amounts of calorie, or heat, absorbed
by different substances. The standard fixed upon is the
quantity of heat necessary to raise the temperature of ome
kilogram of distilled water through one degree (as measured
by the Centigrade thermometer), or from O° to 1° C., and is
called ¢ One Degree of Heat." And the number of degrees
of heat required to raise a kilogram of any other substance
through ome degree of temperature * (0° to 1° C.) may be
called the Specific Heat of that substance—referred to
water as unity.

Thus a kilogram of hydrogen requires 3:4 times as
much heat as the same weight of water, to raise its
temperature from 0° to 1° C., or in other words, a kilogram
of hydrogen requires 3-4 degrees of heat to raise its
temperature one degree. Hence the specific heat of
hydrogen is 34, that of water being wnity. Hydrogen,
it may be remarked, has an abnormal specific heat, being
greater than that of any other known substance.

A kilogram of oxygen requires about ith of a degree of
heat to raise its temperature ohe degree. Hence the specific
heat of oxygen may be represented by the fraction th (or
more accurately -218). Every substance has its own specific
heat, or, as it is sometimes called, ¢ capacity for heat.’

Having explained the terms ¢ quantity of heat,” * degree of
heat,’ &c., we are now in a better position to understand
what is meant by latent heat, and are enabled to apply a
measure to it.

If a kilogram of water at 80° C.be mixed with a kilogram
of ice at 0° C., after the lapse of a short time, we shall have
2 kilograms of water at the temperature 0°C., Here, then,
the kilogram of water gives up its 80 degrees of heat to the

* Care must be taken to distinguish between a degree of heat and

& degree of temperature——Temperature indicates the intemsity of
heat in & body, but not the quantity.

9

\
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ice, which absorbs that sarge amount in becoming water
at 0° C.—i.e. in changing its solid for the liquid state.
The temperature of the liquefied ice, you observe, is not
altered ; it remains 0° C. as at first., The 80 degrees of
heat, then, which were lost by the water have been
absorbed by the ice, in becoming liquid. That amount
of heat has been spent in doing the work of overcoming
the attraction of cohesion, which held together the
particles of the ice in the solid state. These 80 degrees
of heat, being insensible to the thermometer, are said to
be disguised, or latent.

The quantity, or number of degrees, of heat absorbed, or
rendercd latent, by a kilogram of ice at 0° C. in becoming
water at 0° C., is called the latent heat of liquefaction of
water, or the latent heat of ice, and sometimes the caloric
of liguidity.

From the result of the foregoing experiment it appears
that the latent heat of ice is 80°—i.e., it requires 80 thermal
units to reduce a kilogram of ice at 0° C. to a kilogram of
water at the same temperature.

A thermal unit, a unit of heat, and a degree of heat, are
but three different modes of expressing the quantity of heat
required to raise a kilogram of water through one degree
of temperature.

We can also measure the latent, or constituent, heat of
steam, i.e. the quantity (measured in thermal units) of heat
absorbed by a kilogram of water at 100° C. in becoming
steam at 100° C., or, which is the same thing, the quantity
of heat given out, or evolved, by a kilogram of steam at
100° C. in becoming water at the same temperature. As
this amount of heat is insensible to the thermometer, we
must resort to other means of measuring it.

A very simple method of determining this important
element may be thus described in the words of Professor
Williamson : —
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¢ Put 53 kilograms of ice-cold water intoa jar, and blow
steam into it till no more can be condensed. Then weigh
the boiling hot water thus obtained. The first portions
of steam condense #6 water and are cooled by mixing
with the ice-cold water ; but at the end of the experiment
the original 5% kilograms of water, together with the
water formed by the condensation of the steam, are left
at the temperature of 100° C.; so that the steam may be
considered to have been condensed without becoming
cooler, and to have evolved 53 x 100=533° of heat by
its condensation. The increase of weight is nearly one
kilogram ; 8o that a kilogram of steam condenses to water
of the same temperature evolving about 533° of heat.’

Hence we may say that the latent heat of steam is re-
presented by about 533 degrees of heat. More exact
experiments have recently been made by Regnault, from
which it is deduced that the latent heat of steam = 537
units.

Regnault has further given the following empirical .
formula for the total quantity of heat mecessary for the
evaporation of a kilogram of water at any temperature .:—

Total Heat=606'% 4+ 0-305¢.

Using this formula, we find that the total quantity of
heat in & kilogram of steam at 100° C.is 6065 + 805 X
100 = 637. Hence by subtracting the sensible heat (i.e.
100°) we have, for the latent heat of steam, raised at
100° C. the number 537.

It has been ascertained that a kilogram of air, oxygen,
hydrogen, or any other perfect gas requires more heat to
raise its temperature 1° if the gas be allowed to expand
while it is being heated than when its volume is not
allowed to increase during the application of heat : hence
the specific heats of gases under a constant pressure are
greatey than their specific heats at a constant volume.

2 a
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If we call the specific heat of a gas at a constant
volume 1, then its specific heat at a constant pressure, but
increasing volume, will be represented by 1:418, or the
ratio of the specific heats in the two cases is1 : 1:413.

You will very naturally ask the question why should
air require more heat to increase its temperature 1° when
it is free to expand than it would were it shut up ina
bottle for instance ?

Well, that question is easily answered :

Let us now suppose that we have & liter of air'in this
bottle, and another
liter of air in this long
tube. You can fancy
the air confined in the
lower part of the tube,
and prevented from
mixing with the rest of
the atmosphere, by a
piston exactly fitting
the tube. The piston
may be supposed to be
without weight, for the
purpose of explana-
tion. I am sure you
all know (if not, you
ought to know) that
the atmosphere has
weight, and that it presses down on all bodies at the sur-
face of the earth with a pressure of nearly 15 lbs. (14-7)
on every square inch of surface, or 10°333 kilograms per
square meter. Now, imagine the same amount of heat to
be applied to each vessel; the air in the bottle has
nothing else to do with the heat it receives but warm
itself ; whereas the air contained in the open tube in ex-
panding has to /ift the weight on the back of the *piston,
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caused by the pressure of the column of atmosphere
directly over it, and for this purpose it takes the force
necessary for moving that weight from the heat, leaving the
remainder to warm the liter of air. Now you can answer
the question by saying, that some of the heat is spent in
doing the work of lifting the weight caused by the constant
atmospheric pressure.

Here I give you a table of the specific heats of some of
the common metals. These numbers are very useful, and
sowme of them should be remembered :—

Metallic Names. Specific Heats.
(Iron .............................. 0-11379
CZine e 0-09555
™ | COPPET wvvvvveverieeiierieeereans 0-09515
o L 0-05701
SyLead .o 0-03140
i | Bismuth ... 0-08084
Platinum ........cooeevveninenne. 0-03243
Gold ..ooivniiiiiiniiii 0-03244
{ Mercury (solid) ............... 0-03195

In this table the standard referred to is the specific
heat of water, which is taken as unity. We see by these
numbers, each of which is less than unity, that it is more
difficult to warm or to cool a given quantity of water than
the same quantity of any of those substances mentioned
in the list. Hence the great value of water, as a heat-storer,
for domestic and culinary purposes.

It has been shown by Mr. Joule, of Manchester, that if
the force which is stored up in one degree of heat be ap-
plied to do mechanical work (such as lifting weights), it
would be found equivalent to 4236 meter kilograms of
work, that is, it would be sufficient to raise 1 kilogram
weight to a height of 4236 meters, or (which is the same
amount of work) 423-6 kilograms to a height of 1 meter.
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Now the wnit of work (in the Metric System) being a
kilogram lifted to & height of 1 meter, the mechanical
equivalent of one degree of heat is, therefore, equal to
4236 (or in round numbers 424) units of work. Hence we
see that a kilogram of steam, in condensing to water,
would yield 537 x 424 =227,688 units of work. This gives
us a fair idea of the great amount of work obtainable from
& small quantity of steam.

It also follows that if a kilogram of water be let fall
from a height of 424 meters, its temperature would be
raised one degree. If akilogram weight of any other sub-
stance (than water) be let fall from this height, its tem-
perature would be raised 1° x the reciprocal of the
specific heat of that substance, assuming that all evolved
heat were stored up in the falling body,* which, of course,
would not be accurately true, as some of the heat would
be imparted to the body fallen against.

* Thus, the specific heat of iron being §, a kilogram of iron
falling 424 meters would have its temperature raised 9 degrees, if
all the evolved heat were stored in the iron.



CHAPTER III.

CHEMICAL PHILOSOPHY—-GENERAL
PRINCIPLES.

The matter of which the world is composed is, you all
know, not one uniform substance, such as & lump of lead,
but is made up of different materials; and these materials
are either simple or compound.

Bodies which cannot be separated, or decomposed, into
two or more different kinds of matter are called Simple
Substances, or Elements.

All those bodies, which can be resolved into two or
more different varieties of matter are, very properly,
termed Compound Substances.

The simple bodies, or elements, may be called the
letters, and the compound substances, being composed of
two or more simple ones, the words, of chemistry.

Silver, for example, is an element, as it cannot be re-
solved into anything else but Silver. Silver, then, repre-
sents a chemical letter.

Salt, being decomposable into the elements sodium, a
metal, and chlorine a gas, represents a chemical word
composed of two letters. We seldom find any chemical
words containing more than six letters, so that you ought
not to find it difficult to read our chemical language
after a little study.

The elements are divided into two classes—metals and
non-metals—the latter being also called metalloids (metal-
like). The former class are generally distinguished from
the latter by certain properties which are possessed in a
high degree by the metals, but are never found united in
the non-metallic elements,
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Such properties are those of conducting heat and elec-
tricity, and the power of reflecting light, so as to give the
appearance called metallic lustre. Inaddition, the metals
may be said, generally speaking, to have what is termed
the metallic ring, i.e. the ringing noise which is heard
when we let a piece of metal, a coin for instance, fall on
a flagstone or strike it with a hammer.

Many of the metalloids possess in a less degree some of
the properties just mentioned. Another distinction (and
an important one) between the metals and the non-metals
is that the former are electro-positive, while the latter are
electro-negative, elements.

I must now explain to you the sense in which these
terms are to be understood. You know, I suppose, that
before the terminal wires of a galvanic battery are brought
together, ¢.e. before contact is made, the one pole or ex-
tremity of the wire is in the positive, and the other in
the negative, electric condition; and that the current
passes when the wires are brought into contact.

Now if, instead of bringing the wires into actual con-
tact, we interpose an electrolyte (which is a compound
that can be decomposed by an electric current passing
through it) and make contact by inserting each terminal
wire in the electrolyte, when the current passes this
compound substance will be decomposed into its consti-
tuents ; and it is observed that certain of those constitu-
ents invariably appear at the positive, and others at the
negative, pole of the battery.

Therefore, on the well-known principle that bodies
oppositely electrified attract each other, those constituents
which constantly make their appearance at the positive
pole are said to be electro-negative, and those which

constantly appear at the negative pole are called electro-
positive.
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For example, if we analyse (or resolve into its consti-
tuents) water, by the aid of & galvanic current, we invari-
ably find that hydrogen is set free at the negative, and
oxygen at the positive, pole. Hence hydrogen is regarded
as an electro-positive, and oxygen as an electro-negative,
body.

Hydrogen, which behaves like the metals, is now very
generally believed to be a metal in the gaseous state.

About sixty-nine or seventy elements, or gimple bodies,
have already been discovered.* Many of them are still
very scarce, being only obtainable in such mninute portions
that their value and use in the arts have not yet been
fully ascertained. Of these seventy bodies about four-
fifths are metals and one-fifth metalloids.

The names assigned to these elements are, in many in-
stances, of Latin origin. Some of them are designated
by names indicative of some peculiar property which they
may happen to possess : for instance, chlorine is so called
from a Greek word, chloros, signifying green, it being a
greenish-coloured gas. ’

We use a kind of short-hand in writing the names of
the elements ; the first letter of the name serves to indi-
cate some ; a second distinguishing letter is added, when
more than one element begins with the same letter,
These abbreviations are called Chemical Symbols.

The names and symbols of some of the most frequently-
occurring elements must be carefully committed to memory.

Here is a list of the elements, arranged in alphabetical
order, and in column (3) you will find their chemical
symbols :—

* Several of these have recently been discovered by the aid of the
* Spectroscope,’ and it is probable that the Spectrum Analysis of the
heavenly bodies will add considerably to the list of elementary sub-
stances. It is, moreover, possible that some of the substances, now
regarded as elements, may, through the aid of improved means of
research, prove to be subtle compounds. Nitrogen, Sulphur and
Chlorine, for example, are already suspected to be compound bodies.
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THE ELEMENTS AND THEIR SYMBOLS.
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TABLE A,
Showing the names and symbols of the Elements,
M @ (o] o | @ |®
Name. Latin Name. %Z]m Name. LatinName S%g;
Aluminum .. ceee Al Molybdenum . |Mo.
Antimony....|Stibium ....|Sb. Nickel...... evee NiL
Arsenio . As. Niobium.... . Nb,
Barium...... Ba. Nitrogen. ... . N.
Bismuth ....| ... |Bi. |Osmium.... ) . os.
Boron ...... ees B. Oxygen ....! . O
Bromine .... e Br. Palladium .., ees Pd.
Cadmium.... ceee Cd. Phosphorus..! e P
Ceegium...... . Cee. Platinum ../ e Pt.
Calcium .... cens Ca. Potassium .. (Kalium).. K.
Carbon ...... e C. Rhodium . R.
Cerium ...... e Ce. Rubidium ... eee Rb.
Chlorine .... ees Cl. Ruthenium . ees Ru.
Chromium .. vees Cr. Scandium .. Sc.
Cobalt ...... eee Co. Selenium Se.
Copper ....../Cuprum ....[Cu. |Silicon R 8
Decipium .. .. e De. Silver ...... Argentum.jAg.
Didymium .. veen D. Sodium .... (Natriun).'Na.
Erbium .... . E. Strontium . ., ees Sr.
Fluorine .... . F. Sulphur ... S,
Gallium ens Ga. Tantalum ..! Ta.
Germanium.. e Ge. Tellurium . |, Te.
Glucinum.... vees G. Thallium .. TI.
Gold ........ Aurum ....|Au. Terbium....! Ty,
Hydrogen.. . N H. Thorium ! veee|Th,
Indium...... veee In. Tin ........ Stanpum .|Sn.
Iodine ..... . . I. Titanium . Ti.
Iridium...... cees Ir. Tungsten (or
Iron ........[Ferrum ....Fe. Wolfra.m).., A
Lanthanum .. e La. Uranium ..! RN u.
Lead ........[Plumbum, ..[Pb. Vanadium . i . V.
Lithium .... cees Li., | Yttrium .. 'S
Magnesium .. N Mg. / | Ytterbium . ‘ eeee |Yb.
Manganesium eoee n. |Zinc .... vees Zn.
Mercury .... Hydra.rgymmng. Zirconium . ) veer |4

The names of most of the metals have been made to
terminate in um, as Platinum, Aluminum, &c., in order to
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correspond with the terminations of the Latin names of
those known to the ancients.

With the exception of Selenium and Tellurium, the
names of none of the metalloids end in ‘um.” Selenium
and Tellurium, though considered by many chemists to be
metals, are sometimes classed with the metalloids, and may
continue to be so until we obtain more conclusive evidence
to the contrary than at present exists. The chemistry of
these elements is usually considered in conjunction with
sulphur ; that of Arsenic with the Metals.

The following table gives the names and symbols of the
elements commonly known as metalloids, or non-metallic
elements :—

TasLE B,
Showing thenames and symbols of the Non-Metallic Elements.
Name. Symbol. Condition at ordinary atmos-
! pheric temperatures.
I
1. Oxygen............... L 0. Gaseous.
2. Nitrogen ............ . N. "
3. Chlorine ............ Cl. »
4, Fluorine ............ F. "
5. Bromine ............ { Br. |  Liquid.
6. Iodine ............... br i Solid.
7. Carbon............... b G "
8. Boron ................ B. ”
9. Silicon ............... i Si. »
10. Phosphorus ...... . "
11. Sulphur ............ - 8. '
12. [Belenium] ......... © | Se.] ”
13. [Tellurium].........; [Te.] " . .
14. [Arsenic]............ i [As.] " § Semi-metallic.

Now, having given you the symbols for the elements,
before we go further, let me impress on your memory the



28 SIGNIFICATION OF SYMBOLS. [cHAP. 11

fact that these symbols stand for something more than
mere abbreviations for the names themselves. Each
symbol represents a certain proportion, or number of
parts by weight, of the element it stands for, and not the
element itself in the general, or abstract, sense.

As an illustration, I may tell you that O does not stand
for the term Oxygen in general, but for 16 parts by weight
of Oxygen; so also H stands for 1 part by weight of
Hydrogen : and so on with the other elements. The
numbersrepresenting these proportions, or parts by weight,
are commonly called combining proportions, or atomic
weights.

The term chemical equivalent was formerly used
synonymously with atomic weight. In modern Chemistry,
however, it is necessary to distinguish between these ideas.
Two quantities of different bodies can only be said to be
equivalent to each other when they can replace each
other in combination, and the proportions in which bodies
thus replace each other are, properly speaking, their
equivalent proportions. Some bodies, too, such as iron,
mercury, &ec., have two equivalents, although they can
have but one atomic weight.

A fuller explanation of this subject will be given in a
future lecture (Chapter IX.).

The great mass of the earth’s rocky crust is composed of but a
limited number of the elements. According to a rough estimate,
the following list represents the averago percentage composition of the
crust of the earth :—

OxXygen.......ooovvvvnnnn 48
Silicon veveiiviiiiiiinen. 29
Aluminum .............. 8
B o ... 6
Caleium .....ocvvvnvines 3
Magnesium .............. 2
Sodium .......cciiiienn. 2
Potassium .........00000 15
Hydrogen................ 02
Remaining Elements .... 03

100



CHAPTER 1IV.

CHEMICAL PHILOSOPHY—GENERAL
PRINCIPLES.

In the last lecture we learned that a compound substance
was one which could be resolved into two or more simple
ones.

This statement naturally suggests the inquiry : Can we
not make compound bodies by mixing together two or more
simpleones? The question admits of anaffirmative answer,
but as the mere mixing of bodies is not always sufficient to
cause them to unite chemically, we had better now consider
the conditions necessary for combination.

One of the most important of those conditions is that
chemical attraction, or affinity, should exist between the
simple bodies brought together. By affinity you are to
understand the force by virtue of which two or more simple
atoms combine to form a compound atom, or molecule.

¢ Molecule is the name given to the smallest cluster of
atoms of any substance, whether an element or a compound,
that is believed capable of existing by itself ; and every pure
compound consists of similar molecules.’

Affinity, or chemical attraction, differs from the attrac-
tion of gravitation (the force of gravity), and from cohesion
in many respects. The force of gravity operates at all,
even the greatest distances, while chemical aflinity and the
attraction of cohesion operate only at insensible distances.*

Affinity is to the chemnist what gravity is to the student
of mechanics, ‘ the most important of the forces active in
nature.’

The attraction of gravitation is the power by virtue of
which matter attracts matter; it is exerted by all masses

* 4.e. distances so short as to be imperceptible to the senses.
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of matter, however large: ‘it is the invisible, yet insuper-
able, tie which, connecting together the satellites and
planets of our system with the central sun, assigns to
each of the tenants of our boundless skies its place and
motions.’

The downward pressure caused by the exercise of this
attractive force on any body within the earth’s ¢ sphere of
attraction ' is called the weight of that body.

Molecular attraction, or cohesion, may be considered as
the force by the exercise of which the individual molecules
of bodies are held together.

The differences between these three attractive forces
are exhibited in the following table :—

TasLE C,

Showing the differences between gravity, molecular,
and chemical attraction.

is exerted by every variety and

Attraction of by all masses of matter of what-
Gravitation soever dimensions, and at all
distances.

is exerted, generally, by molecules
of the same kind ; no new pro-
Molecular Attraction, perties are found in the aggre-
or Cohesion, gations of matter formed by its
influence, and it acts only at

insensible distances.
is exerted, generally, by atoms
of different kinds* ; the com-
pounds formed by its influence
Chemical Attraction, possess properties different from.
or Affinity, those of its constituents; it acts
only on definite proportions of
matter, and only at insensible

distances.

* The molecules of an element are composed of atoms of the same
kind, held together by the bond of affinity.
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T cannot better illustrate the distinctions between mole-
lar attraction and affinity than by quoting the words
my revered teacher, the late Professor Apjohn :—
¢ If a crystal of Iceland spar be struck with & hammer,
breaks up into two or more fragments. The force
aich previously held the fragments in juxtaposition, and
aich has been overcome by the mechanical violence em-
syed, is molecular attraction. If now one of these frag-
ants be thrown into a little nitric acid, a gas known to
emists under the name of carbonic acid, escapes; and
1e, the second proximate constituent of the spar, enter-
z into union with the nitric acid, gives rise to the pro-
ction of the salt called nitrate of calcium. The force
vich held the carbonic acid of the spar in union with
lime, and which has been overcome by the interven-
n of the nitric acid, is chemical affinity. Though quite
‘tinct, these forces are nevertheless very intimately
ated in one important particular, viz. that whatever
"uces the encrgy of cohesion promotes the action of affinity.
ance heat and solvents, which diminish the cohesion of
ids, invariably favour their chemical action on each
1er.  Sulphur and copper, when mixed, do not combine
til heat is applied ; and dry nitrate of copper, when
‘ead upon tinfoil, exerts upon it no chemical action
til a little of the former is dissolved by the addition of
"w drops of water, when the oxidation of the metal is
dly accomplished, and with the phenomena of com-
ion.’
ome philosophers consider that the ¢ attraction of ad-
“on,’ by virtue of which small particles of matter, such
ust, adhere to the walls of our houses and to our
shing, is identical with cohesion, or molecular attrac-
‘2. As adhesion and its laws belong rather to the study

mechanics than to that of chemistry, we shall leave
full avnlanatinan ta tha taanhar af tha farmer aciance
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and proceed to consider other conditions necessary forl
combination ; and for that purpose I mustask you care
fully to observe the following experiments.

I take a small piece of phosphorus and dry it in thi
blotting paper. Now I have put the phosphorus into thi
bent spoon. I ignite it in the lamp, and then introduc
the spoon into this glass jar, which is ready filled wit
oxygen.

Now observe the result! The phosphorus bursts int
a very brilliant flame, which is due to the heat evolved b
the combination of the phosphorus with the oxygen.

The compound thus formed appears like white smoke
which precipitates on the sides of the jar, and finally fall
down into the water below, forming with it a solution o.
phosphoric acid. .

Now I shall perform a similar experiment, using,g
chlorine instead of oxygen. The jar is now full of
chlorine; in this case I dry & small fragment of phos-
phorus, as before, and cut it into little pieces, but I do not
ignite it previously to introducing it into the jar of
chlorine  Observe the result. The phosphorus takes
fire and bursts into a flame of yellowish-green colour.
The compound produced by the combination of the
phosphorus and chlorine is called chloride of phosphorus.
Phosphorus and iodine also combine without heating,
forming iodide of phosphorus,

We conclude from these experiments that the fen-
perature at which combination takes place is not the sar
for all substances. The chlorine and phosphorus comr
bined without the aid of a higher temperature than that ¢
the atmosphere; whereas the oxygen and phosphoru
required to be heated, by igniting the phosphorus, befor
they entered into rapid combination. Hence we may sa,
that a certain temperature (varying with the substance) s



OHAP. IV.]  ILLUSTRATIVE EXPERIMENTS. 33

a mnecessary condition for the combination of different
substances. )

Experiments like those just performed might easily be
multiplied, but as we shall have more of them when
studying the chemistry of the different elements, I shall
now only draw your attention to one more experiment in
illustration of the fact that a certain definite tem-
pérature is a necessary condition for the combination of
bodies.

¢ Place in a beaker, or other convenient glass vessel, a
piece of phosphorus, and half-fill the vessel with water.
Fill & bladder, which is fitted with a stop-cock and bent
tube, with oxygen, and direct a stream of gas upon the
phosphorus. When the two elements come in contact
the phosphorus will not burst into flame; increase the
temperature of the water ten degrees and then direct the
.8tream of oxygen upon the phosphorus. Continue to in-
crease the temperature of the water ten degrees, after
each occasion that the oxygen has been directed upon the
phosphorus, until the phosphorus bursts into flame when
the two elements are brought into contact. When this
takes place, the temperature of the water will be about
145° F.'—(Galloway).

The chemical combination of two or more bodies is
frequently attended with an evolution of heat, light or
electricity.

You observed that when phosphorus was made to
combine with oxygen, by heating the phosphorus to the
temperature at which rapid combination takes place, more
heat and light were evolved than were imparted to the
phosphorus in the first instance by the flame of the lamp.
The light evolved was almost dazzling. A certain initial
temperature is necessary in order to make phosphorus
and oxygen begin to comnbine (by rapid combustion), and

3
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the amount of heat necessary for its continuance (and in
this case more than sufficient for that purpose) is evolved
during the act of combination. Hence once 6dmbustion
of the phosphorus in oxygen is started we do not need to
apply further heat.

You will probably ask, are there any instances in
which the heat evolved during the combination of sub-
stances is insufficient (without the application of external
heat) to continue the act of combination ?

Well, there are : butinstances of this kind rarely occur.
There is one very remarkable case of this nature which
deserves to be noticed, inasmuch as it is not only a good
example of its kind, but also teaches us to admire the
wisdom of the Creator in providing conditions suitable to
our nature.

It is a well-known fact that nitrogen and oxygen do nog
combine under ordinary circumstances ; it would, indeed,
be bad for us if they did, since, by so doing, they would
deprive us of one of the essential conditions of life, viz,
the free oxygen in the atmosphere.

The atmosphere, as you will presently learn, is com-
posed of a mixture of oxygen and nitrogen, not in
chemical combination, but a mere mechanical mixture.
Now, when a portion of the atmosphere is confined in &
vessel and electric sparks passed through it, the oxygen
and nitrogen combine, forming acid vapours,* to inhale
which, even in small quantities, is most injurious to the
human system, and were the whole atmosphere converted
into these acid vapours, our life would become extinct.

But (according to Dr. Frankland) the temperature at
which combination takes place between nitrogen and
oxygen is about 8000° C. The temperature produced by
the combustion of oil, gas, candles, fires, &c., is con-

* Consisting of gaseous nitric and nitrous acid.
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siderably below this, and therefore insufficient for the
combination of the two gases under consideration.

The temperature of the electric spark, however, we
have said, is sufficiently high to determine their combi-
nation, so also is the temperature of the oxy-hydrogen
flame (about 7000° C.).

Why is it, then, that neither the lightning discharge
nor the oxy-hydrogen flame can ¢set the air on fire,” i.e.
make its constituents, oxygen and nitrogen, combine to
form those acid vapours which would destroy our lives ?

Here is the secret! Because the heat evolved by the
combination of nitrogen and oxygen is tnsufficient to con-
tinue the act of combination, or, in other words, although
we can, as it were, set fire to the air by the flame of the
oxy-hydrogen blow pipe, in consequence of the heat pro-
duced by the combustion of nitrogen and oxygen being
less than what is required for their chemical union, the
combination of these gases cannot be propagated from
particle to particle, but is confined to those particles in
immediate contact with the flar.o.

The same reasoning may be applied, mutatis mutandis,
with regard to the electric discharge.

You can now understand why our atmosphere is not
converted into nitric acid during a thunderstorm, and can
admire the Infinite wisdom displayed in the selection of
the constituents of the air we breathe.

Were the nitrogen of the atmosphere replaced by
another gas, hydrogen for example, what would become
of us? The first attempt to light a fire, candle, or other
combustible material would cause the atmosphere to take
fire and explode with such sudden violence as to kill all
the inhabitants of the earth; and even if we could sur-
vive the shock we would afterwards be suffocated by the
rcmaining hydrogen, for $ths of the atmosphere would
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thus be converted into water, the remaining #ths, being
hydrogen, would very soon put an end to our existence.

Thousands have lost their lives by bringing a
lighted candle or lamp into an explosive atmosphere, such
as is often met with in ocoal mines. A gas known to
chemists by the names Marsh Gas and Light Carburetted
Hydrogen is frequently formed in coal mines ; it issues
out of fissures in bituminous coal, and mixes with the
air in the mine. This gas will burn in contact with air
with a pale blue light, although, if a lighted taper be
immersed in a jar of it, the taper will be extinguished.
A mixture of one volume of this gas with about ten
volumes of air forms a most explosive mixture. It is
called Fire-Damp by the miners. Such a mixture often
occurs in coal mines, and when accidentally ignited brings
death and destruction to numbers of our fellow-creatures.
After explosion the fire-damp is converted into carbonic
acid* and water.

This brings me to the explanation of the principle of
the Safety Lamp, the invention of Sir Humphry Davy.
It is used for the purpose of giving light to coal miners in
collieries where fire-damp occurs. Inorder that you may
clearly understand the principle on which its safety
depends, I must ask your attention to the following ex-
periments :—

On this pencil I coil a piece of copper wire; having
done so, I light this piece of wax candle. Observe now,
when I put the spiral over the wick, that the candle
¢ goes out,’ 7.¢. the flame is extinguished. ~ Why is this ?
It is because a certain amount of heat is necessary for
the continuance of the combustion of the candle, and
after it is once lighted, the amount of heat required is
evolved by the combination of the carbon, &e., in the
candle with the oxygen in the air. Now metals being

* Called choke-damp by the miners.
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good conductors of heat, the copper wire conducts away
some of the evolved heat, and thus reduces the temperature
below the point at which combination is possible. This is
the reason why the candle goes out. If now I heat the
wire to redness, and then place it over the wick, it will
not extinguish the flame. This shows plainly that it is
the chilling effect of the cold metal which extinguishes
the flame.

For the same reason the flame of a spirit-lamp or of &
gas jet cannot pass through a screen of wire gauze. Ob-
serve, when I place this piece of wire gauze over the
flame of a spirit-lamp, that the flame appears as if the
top were cut off, the metallic wire conducts away a
portion of the heat evolved during the combination of
the vapour of the spirit with the oxygen of the air, and
thereby reduces the temperature below the point at
which combination is possible. If I apply a light to the
vapour which passes through the meshes of the gauze, it
will take fire and burn above as well as below. The
same will happen if I redden the wire screen
before applying it to the flamec ; hence, you perceive, it
must be the chilling influence of the cold metallic screen
that extinguishes the upper portion of the
flame. Imay even blow out the flaine beneath
the screen, and allow it to burn only above it.

You will now understand why a miner may
enter an atmosphere of fire-damp with a Davy's
Safety Lamp (Fig. 4) in his hand.

The lamp is a common oil lamp surrounded
with a cylinder of wire gauze ; the upper portion _ |
of the cylinder is usually double for the purpose 8
of making it more secure.

When the miner meets with an atmosphere
of fire-damp, the mixture enters the lamp and Fig- 4
burns away inside, but, in consequence of the metallie
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gauze intervening, the combustion cannot be propagated
to the explosive gas outside the wire screen.

The miner knows, by the appearance of a blue flame in
the interior of the lamp, when he is in contact with the
fire-damp, and is thus cautioned to leave the mine till it
is better ventilated.

We have seen that dry nitrate of copper refused to
combine with tin-foil till it (the nitrate of copper) was
dissolved by the addition of a few drops of water.* Some
metallic salts when strongly heated in a tube are decom-
posed, leaving the metal in a fine state of division, which,
when shaken out into the air, immediately takes fire,
owing to its combination with oxygen. Tartrate of lead
thus treated forms the well-known lead pyrophorous.
Hence we conclude that another condition favourable to
the combination of two or more bodies consists in their
being presented to each other in a switable moleculur
state. Thus, some substances that readily combine when
in the state of vapour will not do so at all when in the
solid condition ; for instance, if a piece of charcoal and a
stick of sulphur be brought together, no chemical action
takes place, whereas if the vapour of sulphur be brought
into contact with red-hot charcoal, combination takes
place, and a very explosive liquid, called bi-sulphide of
carbon, is produced.

There are other minor conditions which are sometimes
necessary for determining the combination of bodies—
these shall be noticed as they occur in our course of study.

As a matter of fact, every new compound said to be
made by the hand of the chemist is but the result of the
fundamental laws of composition; the chemist simply
provides conditions favourable for combination.

* The particles of dissimilar solid bodies are brought into closer
proximity by solution than when left in their original dry state.
Hence solution generally favours chemical action, which takes place
only at insensible distances.



CHAPTER V.

CHEMICAL PHILOSOPHY-GENERAL
PRINCIPLES.

We shall now proceed to consider the laws which
govern the proportions by weight, in which substances
enter into chemical combination.

Here is some infusion of purple cabbage.* I shall divide
it into two portions, which I shall call ¢ and b; now to
the portion a I add a little soda; you observe that it
becomes green ; to the portion b I add & few drops of oil
of vitriol (hydrogen sulphate), this you see turns it red ;
now I shall carefully add this red solution to the green
one, drop by drop. You will observe that when a certain
quantity of the red, or acid, solution has been added to
the green, or alkaline, solution, the mixture will be
restored to its original purple colour. If now I add
another drop of the red, or acid, solution, the red colour
will be again produced ; if instead of adding an additional
drop of the red solution to the mixture, I were to add a
drop of the green, or alkaline, solution, the green colour
would be immediately reproduced.

This experiment teaches us that the red and green
solutions must be mixed together in a certain fized and
definite proportion in order to restore the original purple
colour, The red solution contains sulphuric acid and
the green soda, and when mixed together in some fixed
and definite proportion, the purple colour is restored to
the mixture, because, then the acid and alkaline con-
stituents neutralize each other, in combining together to

* In the absence of purple cabbage, tineture of litmus will answer

the purposes required, but the changes of colour are not so striking
as with the former. Tincture of violets may also be used for this

experiment,
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produce the definite compound sodium sulphate (sulphate
of soda), which has neither acid nor basic action on the
infusion of purple cabbage.*

Common salt, when analysed, is always found to be
composed of two elements, united together in certain
invariable proportions, namely, 23 parts by weight of
sodium and 85} parts by weight of chlorine.

Water is always composed of two elements (hydrogen
and oxygen), in the proportion of 2 parts by weight of
hydrogen to 16 parts by weight of oxygen.

All known chemical compounds are found to consist of
certain elements combined together in invariable propor-
tions. In fact, a chemical compound is distinguished
from & mechanical mizture by its being, under all
conditions, composed of certain elements united in fized
proportions by weight, as well as by its possessing pro-
perties different from those of its proximate constituents.

Hence we deduce the first law of combination—

The same chemical compound invariably consists of the
same elements associated in @ constant proportion.

The question may now be asked—Can more compounds
than one be formed out of the same elements ? Yes, we
know of five distinet compounds of the elements oxygen
and nitrogen alone ; they are :—

Parts by weight. Parts by weight.
1. Nitrogen Monoxide, containing 28 of Nitrogen to 16 of Oxygen.

2. Nitrogen Dioxide ” 28 ,, ” ” ” ”
8. Nitrogen Trioxide . 28 ,, " , 48, .
4. Nitrogen Tetroxide ” 28 ,, " s 04 4, "
5. Nitrogen Pentoxide ” 28 ,, ” » 80, ”

You will observe that while the same quantity of
nitrogen is found in each of these compounds, the
quantity of oxygen is in the exact proportion of the
numbers 1, 2, 3, 4, 5.

* Compare page 91.
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This is one of the most remarkable examples of the
second law of combination, or the law of combination in
multiple proportions. This law is expressed as follows :—

When one body combines with several progressively-
increasing proportions of another, giving rise to a series of
distinct compounds, the higher proportions are simple
multiples of the first, or lowest.*

In every well-defined series of compounds this law
obtains.

In the above example each proportion of the variable
element (oxygen) is a multiple of the first, or lowest.
Hence if any body can combine with more than 16 parts
by weight of oxygen, it must combine with some other
quantity of it which is a multiple of 16.f Analysis shows
that all chemical compounds which contain sulphur
yield either 32 proportions of it, or some multiple of that
number. 8o also with the other elements ; iron, for
instance, is found always in the proportion of 56 parts
by weight, or some multiple of that number.

Dalton, who discovered this law of multiple proportions,
in endeavouring to explain why the elements cownbine in
multiples of their combining proportions, propounded his
celebrated Atomic Theory.

‘ Reviving the idea of Leucippus and the expression of
Epicurus, he supposed that bodies are formed of small
individual particles, which he called atoms. To this old
and vague notion he attached an exact meaning by
supposing, on the one hand, that the atoms of each kind
of matter possess a constant weight, and, on the other,

* In some cases the proportion in which the elements unite is

rather less simple, 2 proportions of one element combining with 8,
5, or 7 of the other.—Mzler.

t Sixteen is the smallest proportion in which oxygen is known to
enter into combination, and is therefore called its combining
proportion or atomic weight.
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that combination between two kinds of matter takes-
place, not by penetration of their substance, but by juzta-
position of their atoms. This fundamental hypothesis
being admitted, the fact of definite proportions and the
fact of multiple proportions are simply and satisfactorily
explained. The definite proportions in which bodies
combine represent the constant ratios between the weights
of the juxtaposed atoms. Multiple proportions indicate
the variable numbers of atoms of the same kind, which
may unite with one or several atoms of another kind,
this latter case being that in which several compounds
are formed by the union of the same two bodies.’ *

As the elements combine in fixed proportions by weight,
if the smallest of these proportions be determined, we can
represent them by numbers, and thus construct a table
of numbers which will represent the combining weights
of the elements. Such a table I will now show you.
(See Table D.) These numbers, representing the combin-
ing proportions of the elements, are called their atomic
wetghts, in accordance with Dalton’s Theory, inasmuch
as they represent the weights of their atoms, not the
absolute, but the relative, weights.

‘They are numbers expressing relations of weight.
The term of comparison is the weight of one of the atoms
taken as unity. Dalton chose hydrogen for the unit.
These atomic weights of Dalton were called equivalents
by Wollaston, proporticnal numbers by Davy ; and we see
that these notions of atomic weights and equivalents,
which have since been separated, were originally con-
founded together, and represented nothing but the
proportions by weight in which bodies combine.’t

You are now prepared to receive the following table of
atomic weights :—

* History of Chemical Theory, by Ad. Wurtz,

t Id.
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TABLE D,

Showing the names, symbols and atomic weights of the
more commonly occurring Elements.

I
Atomic » Atomio

Name. Symbol. Weight. Name. Symbol, \yoi ght.
Aluminum....| Al 27'1 | Mercury...... Hg 200
Antimony ....[ Sb 122 | Molybdenum. .. Mo 06
Arsenic ...... As 75 | Nickel ...... Ni 59
Barium ...... Ba 137 | Nitrogen ....| N 14
Bismuth ...., Bi 210 | Oxygen ...... 0 16
Boron........ B 11 | Palladium.... Pd 1065
Bromine ....| Br 80 | Phosphorus .. P 41
Cadmium ....| Cd 112 | Platinum ....| Pt 197
Calcium......| Ca 40 | Potassium.... X 39
Carbon ...... C 12 | Selenium .... Se 796
Chlorine......| ClI 855 | Silicon ...... Si 28
Chromium....| Or 525 | Silver ....... Ag 108
Cobalt........ Co 59 | Sodium ...... Na 23
Copper ......| Cu 635 | Strontium....| Sr 875
Fluorine ....] F 19 | Sulphur...... S 32
Glucinum ....| G 9 | Tellurium ....| Te 128
Gold ........| Au 197 |Tin.oe.en.... Sn 118
Hydrogen .... H 1 | Titanium .... Ti 50
Iodine........ I 127 | Tungsten
Iron ....... Fe 56 (Wolfram)..] W 184
Lead ........ Pb 207 | Uranium ....| U 240
Lithium.,..... Ii 7 | Vanadium....!| V 51
Magnesium .. Mg 24 | Zine ........ Zn 65
Manganesium., Mn 55

When we say that the atomic weight of oxygen is 16,
what do we mean ? Is it that an atom of oxygen weighs
16lbs., ozs., kilograms, grams, or such like? No, we
mean nothing more than that an atom of oxygen is 16
times as heavy as an atom of hydrogen. Hydrogen
being the lightest substance known, the weight of its
atom is taken as the unit by which the weights of the
atoms of all other elements are measured. Each atom of
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any one element has the same weight as any other atom
of the same element, under all circumstances. Each
atom of any one element has the same volume, or bulk,
a8 each atom of every other element, when under the
same circumstances. This is equivalent to saying that
the atoms of all the elements have the same size.*

It may be asked, what quantity of any element are we
to select in determining its atomic weight ?

This question is answered by the following definition :—

‘The smallest quantity of any particular element,
whether or not of itself volatile, that is found to exist in
two gaseous volumes of any of its compounds, is taken as
its atomic weight.’—(Odling).

The atomic theory being a subject of great difficulty to
beginners in Chemistry, I have dwelt upon it at unusual
length. I shall now turn your attention to the remaining
laws of combination. The third law of combination may
be stated as follows :—

If two bodies combine in certain proporiions with a third,
they combine in the very same proportions with cachother,t
provided that combination between them be possible.

Thus 16 parts of oxygen combine with 56 parts of iron,
and 32 parts of sulphur combine with 56 of iron. This
law simply states, that if it be possible for sulphur and
oxygen to combine together, they will do so in the pro-
portion of 32 parts sulphur to 16 oxygen, or in some
simple multiple of those numbers.

This law has been verified by a number of exact
analyses of compound bodies.

It has been proved by numerous experiments that the

% The ‘law of volumes’ will be found more fully explained in

Chapter VII.
+ This, which is called the law of Reciprocal Proportion, is
subject to the same variation as the Law of Multiples.
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number representing the combining, or molecular, weight
of a compound body is equal to the sum of the numbers
representing the combining proportions of the elements
which compose it. This experimental truth is set down
by some chemists as a fourth law of combination, and is
called the law of Compound Proportion.

Water, for example, always consists of 2 parts by
weight of hydrogen and 16 of oxygen. The sum of these
numbers 18 (=2 + 16), is the number which invariably
represents the combining proportion of water.

It appears a self-evident fact that the weight of a
compound body should equal the sum of the weights of
its components.

The laws of combination may be repeated here by way
of recapitulation :—

I.—The law of constant (or definite) proportion.
The same chemical compound invariably consists
of the same elements associated in a constant pro-
portion,

II.—The law of multiple proportion.

When one body combines with scveral progres-
sively increasing proportions of another, giving rise
to a series of distinct compounds, the higher pro-
portions are simple multiples of the first, or lowest.

III.—The law of reciproeal proportion.
If two bodies combine in certain proportions with
a third, they combine in the very same proportions
with each other, provided that combination between
them be possible.

IV.—The law of compound proportion.
The combining proportion of a compound body is
equal to the sum of the combining proportions of its
components.
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The first three laws are found to hold good for com-
pounds which enter into combination (as a whole) with-
out undergoing decomposition, as indeed might be inferred
from the fourth law. Such compound groups are known
as compound radicles.

An important help, in determining the atomic weights of
the elements, is derived from the following law, discovered
by Dulong and Petit :—

The product of the atomic weight and specific heat of any
elementary substance is a constant quantity. This product
is termed atomic heat. Every element, then, has the
same atomic heat (about 6:2),

From this law it follows that the same quantity of heat
is required to raise a single combining proportion of each
of the clementary bodies through the same range of
temperature ; thus it takes the same amount of heat to
raise 24 parts by weight of magnesium, 23 of sodium,
108 of silver, or 39 of potassium, through the same range
of temperature. This fact may be expressed by saying
that the specific heat of the atomic weight of every one*
of the elements is the same.

The atomic weights of many of the metals, which do
not form volatile compounds, have been determined by
the aid of this wonderful law; those weights of the
different metals which have approximately the same
specific heat as 65 parts of zinc, 118 parts of tin, and 210
parts of bismuth,t being selected as their respective
atomic weights.

Faraday has discovered the remarkable law that the
quantity of electricity which is required to decompose one

* A few apparent exceptions exist.

+ As zine, tin, and bismuth form volatile compounds, their
atomic weights are determined by the more direct method of finding

the weight of the smallest quantity existent in two gas-volumes of
such compounds.
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molecule of water will decompose a molecule of chloride of
tin, a molecule of chloride of silver, or a molecule of any
electrolyte. It is a ‘golden trath that, under every
variety of circumstances, the decompositions of the
voltaic current are as definite in their character as those
chemical combinations which gave birth to the atomic
theory. This law of electro-chemical decomposition
ranks, in point of importance, with that of definite com-
bining proportions in chemistry.’*

It is a well-established fact H\l:.t the quantity of elec-
tricity required to decompose a:molecule of an €iertrolyte,
in the decomposing cell, is geneXated by the canversio of
an atom of zinc, by oxidation, $nto & molgcule of zine
oxide: from this Faraday haz]condu ed that ‘the
quantity of electricity which, b.#ig natjarally associated
with the particles of matter, g’t.‘gﬁ theph their combining
power, is able, when thrown iflto a ccurrent, to separate
those particles from thier state of combination ; or, in
other words, that.'the electricity which is evolved by the
decompositieoti of, and that which decomposes, a certain
quaptitty of matter are alike.’
 have mentioned these laws here, as they appear to
mq to throw considerable light on the doctrine of atoms.t

* ¢ Faraday as a Discoverer,’ by Tyndall.

t Notwithstanding the beauty of the atomic theory, it is quite
possible to regard Chemistry from an independent standpoint. If,
for example, we define Chemistry to be—the study of the composi-
tion and properties of radicles (be they simple or compound) and of
their action and reaction on one another to produce new compounds
different from themselves—we obtain a definition of the science
which is independent both of the theory of the existence of atoms
a8 well as of the possibility of some of the so-called elements
proving, hereafter, to be compound bodies. (See Chap. 1X.)



CHAPTER VL

CHEMICAL PHILOSOPHY—GENERAL
PRINCIPLES.

The next subjects for consideration are Nomenclature
and Notation. '

I do not intend to enter upon the history of these
subjects, or to ;5" 13 successive changes they have

’ -~ 8hall o t sincivle b
undergone nameg of explain to you the principle by
: com, ! . .

which th % day, The ‘ound bodies are constructed_m

o cSembhi i Dimes of the elementary bodies
Bave alveady , © 880, Tables A and D.

The principy s n ° give, s much as possible, to
compou.nfi bodi .u:mes indicative of their chemical
composition. TH,D & [4ompound resulting from the

combination of an elE.e with oxygen is called an oxide
of that element: for example, wwhen iron and oxygen

unite the compound is called ozide of trenn, or iron oxide,
or in Latin ferri oxidum ; a compound of iron n=nd chlorine
is called chloride of iron, &e. If sulphur takes the \lace
of chlorine, we have a sulphide of iron, or iron sulphiaye.

Water, being a compound of hydrogen and oxygen
called oxide of hydrogen, or hydric oxide. .

Compounds, formed by the elements uniting in several
proportions, are distinguished from each other by the
use of the Greek and Latin prefixes.

The use of such prefixesis well illustrated by the names
of the oxides of nitrogen. They are named—
Nitrogen Mon-oxide, from the Greek Monos, signifying the one

18

y is

" Di"OXi_de ” »w D . ” » two .):;
,»  Tri-oxide " »  Treis ” ,, three} s
v Tetr-oxi.de " »  Tetra » , four 5
,»  Pent-oxide " s Pente " ,, five

® N‘Aoll N‘JOQ) Nsoa, NgO‘, NQOJ.
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The Latin numerals are also, sometimes, employed :
for example, a well-known compound, a molecule of
which consists of one atom of manganesium and two
atoms of oxygen, is often called bin-ozide of manganesium
(from the Liatin bis twice) ; it is also called the deut-oxide,
signifying the second oxide, and the per-oxide (from the
Latin particle per), signifying higher oxide of man-
ganesium. The lower oxides are usually termed
protozides, and the salts derived therefrom are known as
proto-salts, in contradistinction to the per-salts, which are
derivable from per-ozides.

The terminations ‘ ous’ and ‘7¢c’ have now come into
general use ; the latter is applied to a compound, which
contains a greater proportion of any elementary or com-
pound group than the compound (of the same elements)
to which the termination ‘ous’ is applied. This will be
better understood by a few examples. Thus, the protoxide,
or mon-oxide of ¢ron, containing one atom of iron and one
atom of oxygen (in every molecule), is called Ferrous
Ozide, while another oxide, the per-oxide, containing two
atoms of iron and three of oxygen (in every molecule), is
called Ferric Ozide. The proto-sulphate of iron, too, is
generally called Ferrous Sulphate, and the persulphate of
iron is known as Ferric Sulphate.

The names of many salts which are formed from acids
whose names end in ‘¢’ are made to terminate in ‘ate,’
and those which are formed from acids whose names end
in ‘ous’ are made to terminate in ‘ite,’ For example,
salts of sulphurous acid are called Sulphites, while those
derived from sulphuric acid are called Sulphates.

We frequently indicate compounds, by writing down
their chemical composition, by means of the symbols of
the elements of which they are composed,—thus the
inconveniences arising from the use of the long compound

4
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names of the present nomenclature are, in & great
measure, removed by what we call Notation, or the
representation of the substances indicated by their
respective names by symbolical expressions. Thus the
symbol for oxygen, O, represents not oxygen in the
general sense, but 16 parts by weight of oxygen ; so also
Fe signifies not iron merely, but 56 parts by weight of
iron, and when the symbols Fe and O are placed together,
thus, FeO, they represent the compound body formed by
the combination of one atom of iron with one atom of
oxygen, i.e., & molecule of oxide of iron, or ferrous oxide,
whose combining (or molecular) weight is 72=(56 + 16).

FeO is called the formula of ferrous oxide : in & similar
manner & molecule of the per-oxide of iron, or ferric

oxide, is represented by the formula Fe,0;; in this case
the compound is composed of 2 atoms of iron and 3 atoms
of oxygen, and the number of atoms of each element
composing it is indicated by a small figure, placed to the
right hand of its symbol and a little below it. It may
also be written thus, Fe*0®, by placing the figures above ;
the former, however, is the most usual method, and will
be adopted at these lectures.

‘When we want to express two molecules of any com-
pound, we do so by writing the co-efficient 2 before the
formula for one molecule; thus 2FeQ represents two
molecules of ferrous oxide (= 2 atoms of iron ani 2 atoms
of oxygen), and 2Fe,O, indicates two molecules of ferric
oxide; the co-efficient 2, in each case, multiplies all that
comes after it. Hence in two molecules of ferric oxide,
there are 4 atoms of iron and 6 atoms of oxygen ; three
molecules are expressed in a similar manner, by prefixing
the figure 3, thus 3Fe,O,; any number of molecules z,
are expressed thus, n Fe,0,.
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Compound bodies are usually divided into -classes,
or orders, thus :—

1. Binary compounds are those which consist of only
two elements.

Examples.
Name. Formula.
Sodium Chloride (common salt)............... NaCl
Hydric Oxide (water) ........ccoeeuveninninnnns H,0
Ferrous Oxide .......ccoovvvviiniieniiinniinnn. FeO
Ferric Oxide ..ccvvveviveeeineninieieiieeiennnn, Fe,0,
Carbonic Anhydride (choke-damp) ......... CO,

2. Ternary compounds are those which consist of
only three elements.

Ezxamples.
Name. Formula.
Calcium Carbonate............ Ca CQ,, or Ca0O, CO,
Potassium Nitrate (nitre)..., KNO,
Ferrous Hydrate ............ FeH,0,, or FeO, H,0
Ferric Hydrate ............... Fe,H,O4, or Fe,0,3H,0
&e. &e.

3. Quarternary compounds are those which contain
only four elements.
Ezample.

Name. l Formula.

Burnt Alum ............ t KAl (SO, = K + AL+ 5, 4 O,
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There are compounds containing & greater number,
and each is classed according to the number of elements
it contains : & compound containing five elements would
be called quinary, and so on. As an example of a
quinary compound, I may mention crystallized alum :—

KAl (80,),, 12H,0.

It is much to be regretted that a uniform system of
naming chemical compounds has not yet been universally
adopted. The fact that the same thing is frequently
called by different names is often the cause of the dislike
which boys take to the study of scientific names in
general. It is, indeed, confusing to be told that the
formula H;SO, stands for the well-known substance oil
of witriol, when this liquid is variously spoken of by
chemists as sulphuric acid, hydrogen sulphate, hydric
sulphate, dihydric sulphate, &c.; again, the familiar gas
known to miners as choke-damyp is likewise variously
termed carbonic acid, carbon-dioxide and ecarbonic
anhydride. In the absence, then, of an uniform system
of nowmenclature, I purpose, in these lectures, to employ
familiar and ‘popular names in common with the
systematic ones employed by theoretical chemists ; and
in justification of this plan I quote the following words
from the preface to Dr. Odling’s work on chemistry
(1870) :—* The preference habitually accorded by different
chemists to trivial or to systematic names for general use
is largely a matter of individual liking. For myself, I
like, where they are sufficient for the purpose, to employ
such trivial names as nitre, alum, potash, borax, green
vitriol, bleaching powder, sal-ammoniac, muriatic acid,
prussic acid, alcohol, wood spirit, marsh-gas, chloroform,
acetic ether, phosgene, &c., &c., alternatively with the
systematic names for the respective compounds.’



CHAPTER VII.

CHEMICAL PHILOSOPHY—-GENERAL
PRINCIPLES.

We now arrive at a subject of great importance, viz. the
Law of Volumes, also called the Law of Combinalion by
Volume, to the explanation of which I shall now proceed.

This law may be stated thus :—

The atomic volumes of all elementary bodies,* when
measured in the gaseous state, and under the same conditions
of temperature and pressure, are the same. This is
equivalent to saying that the spaces occupied by the
quantities of the elements represented by their atomie,
or combining, weights are equal when measured in the
gaseous states, and under equal conditions of temperature
and pressure. Thus the volume, or bulk, of 1 gram of
hydrogen at the temperature 0° C. and pressure
760 m.m. ( = height of the mercury in the barometric
column) always measures 11'2 liters.t Again, if we
take 16 grams of oxygen, and measure its bulk when
its temperature is reduced to 0° C. and when the
mercury in the barometric colunn stands at a height
of 760 m.m., we shall find that the space it occupies is
represented by 11:2 liters, Under the same conditions,
the volume occupied by 35} grams of chlorine or by 14
grams of nitrogen is 11-2 liters (=11200 cubic centi-
meters).

Hence it is plain that if the numbers representing the
atomic weights of the elementary gases be taken in grams,

* Phosphorus and arsenic, also zine, cadmium and mercury form
exceptions to this otherwise general law. (See page 61.)

t The volume of 1 gram of hydrogen, at 0° C. and 760 m.m.
pressure is called one gas-volume.
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and the volumes occupied by these weights measured at
0° C. and 760 m.m. pressure, they will each be found to
occupy a bulk of 11-2 liters.

Therefore the atomic, or combining, volumes of the
gases hydrogen, oxygen, nitrogen and chlorine are the
same, and each of them is represented by 112 liters, or

one gas-volume.

[ Note.—0°C. and 760 m.m. are the standards of temperature
and pressure at which the volumes of all gaseous bodies should be
compared.]

On the other hand, the weights of 11:2 liters* of
hydrogen, oxygen, chlorine and nitrogen are 1, 16, 353,
and 14 grams respectively, i.e. the relative weights of
equal volumes of these gases are represented by their
combining proportions, or atomic weights; and as the
specific gravities of bodies are represented by the relative
weights of equal bulks (under the same conditions), it
follows that the numbers, 1, 16, 35} and 14 represent the
specific gravities of hydrogen, oxygen, chlorine and
nitrogen respectively.

We thus arrive at the important conclusion that the
same numbers represent both the atomic weights and specific
gravities of the elementary gases hydrogen, oxygen,
chlorine and nitrogen.

What is true of these gaseous elements is also true of
the other elements (with the five exceptions already
mentioned) when in the gaseous condition.

For these reasons, as well as the fact that all
elementary gases expand or contract equally for equal
increments or decrements of temperature, and are
similarly affected by similar changes of pressure, we are
led to the conclusion that equal volumes of the elementary
bodies contain the same number of atoms. This hypothesis

* In all comparisons of gaseous volumes, the volumes are under-

stood to be measured at the fixed standards, unless it be otherwise
stated.
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was first announced by Gerhardt, the originator of the
modern unitary system of chemistry, which may be said
to be based on the following three propositions :—

1. That the atomic volumes of all the elements are the
same (=one gas-volume).

2. That the molecular volumes of all compound bodies
are the same (=two gas-volumes).

3. That although the combining volume of a compound
be double that of an element, yet the ratio
between the volumes of the smallest quantitics,
either of a compound or element, which can exist
in a free (ur uncombined) state, s one of equality *

We have already seen that the atomic volume of each
of the elements (with five exceptions) is the same as that
of hydrogen, or one gas-volume (=11-2 liters). Here,as
in the case of atomic weights, the atomic volume of
hydrogen is chosen as the unit of reference.

In chemistry we define the specific gravity, or density,
of a body (whether an element or a compound) to be the
weight of one gas-rolume; in this case also, hydrogen,
being the lightest known substance, is taken as the unit,
and therefore the specific gravity of hydrogen (or weight
of one gas-volume) = 1.

A great convenience, in calculation, arises from making
hydrogen the standard of comparison, or unit, to which all
other bodies are referred. Hence the specific gravity of
hydrogen and its comnbining proportion, either by weight
or by volume, are each represented by unity.

Sp. Gr. At. Wt. At. Vol.

Thus hydrogen has ...1 1 1
A knowledge of the law of combination by volume is

* Because the smallest quantity of an element capable of existing
by itself is regarded as a molccule, and occupies two gas-volumes.
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of great importance to the practical chemist, inasmuch
ag it is easier to measure a given volume than a given
weight of gas,

Hydrogen chloride (HCIl), commonly called hydro-
chloric acid, muriatic acid, or spirits of salts, is composed
of 1 part by weight of hydrogen and 354 parts by weight
of chlorine, or, since the atomic proportions of the
elements have equal volumes, it may be represented as
composed of one volume of hydrogen and one volume of
chlorine ; and surely, you will allow that it is much
easier to measure off a certain volume, as 112 liters, than
to weigh out 354 grams of chlorine gas.

One atom of oxygen combines with 2 atoms of hydrogen
to form the well-known substance water (H,0), or, in
consequence of each atom occupying the same volume,
water may be represented as composed of 1 volume of
oxygen and 2 volumes of hydrogen.

So also, a gaseous molecule of ammonia (H,N), being
composed of 1 atom of nitrogen and 3 atoms of hydrogen,
may be represented as composed of 1 volume of nitrogen
and 8 volumes of hydrogen.

In each of these three cases, the volume of the resulting
molecule produced by the combination of—

1 volume of hydrogen with 1 volume of chlorine

2 volumes ’ N | ) oxygen

3 volumes . ,y 1 ' nitrogen
is universally found by experiment to be exactly equal to
twice the volume of 1 atom of hydrogen, and therefore
equal to two gas-volumes.

Hence we see—

(1) That two volumes of hydrochloric acid are com-
posed of 1 volume of hydrogen and 1 volume of
chlorine, and in this case there is no condensation
of volume.

(2) That two volumes of water-gas (steam) are com-
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posed of 3 volumes of hydrogen and 1 volume of
oxygen, and in this case there is a condensation of
3 volumes into 2.

(3) That two volumes of ammonia are composed of 3
volumes of hydrogen and 1 volume of nitrogen,
and hence in this case there is a condensation of 4
volumes into 2.*

You are already aware that the specific gravity of an
element is represented by the same number as its atomic
weight. The question now arises—how are we to deter-
mine the specific gravity of a compound ?

Recollect that whenever I use the term specific gravity,
or density, without qualification, I mean the chemical
specific gravity, or density—(t.e., Sp. Gr. with reference
to hydrogen as the unit)—or the weight of one gas-
volume. You will find, in books on Natural Philosophy,
that the densities of bodies are referred to water as the
unit, and sometimes to air, and, to avoid confusion, I
must ask you to remember this distinction.

The specific gravity of hydrochloric acid has been
experimentally determined and found to be 18} ; that is,
one gas volume of hydrogen chloride is 18'25 times as
heavy as the same bulk of hydrogen. Now a molecule
of this compound consists of 1 part by weight of hydrogen
and 35} parts of chlorine, and its molecular weight is
1+355=363, and as 18} is exactly half of 364, it is clear
that the specific gravity of hydrogen chloride = half its
molecular weight.

The specific gravity of steam is found to be 9, that is,
one gas-volume of steam weighs 9 times as much as the
same bulk of hydrogen. Water is composed of 2 parts
by weight of hydrogen and 16 parts by weight of oxygen ;

* Condensation of volume affords evidence of chemical action

having taken place. In all cases the volume after combination is
always 2. Gay-Lussac was the first to notice this law.
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therefore its molecular weight is 2 4 16 = 18, which is
exactly twice 9; hence the density of steam = half its
molecular weight.

The density, or weight, of one gas-volumes of ammonia
has been found experimentally to be 8%, and since
ammonia consists of 3 parts by weight of hydrogen and 1
part of nitrogen, its molecular weight must be 3 +14=17.
Therefore, in this case also, the specific gravity = half the
molecular weight.

The unit of molecular volume adopted by chemists
being the space occupied by 2 gas-volumes, the wunit of
molecular weight is therefore the weight of 2 gas-volumes.
Hence, since we have defined the specific gravity of a
body to be (chemically speaking) the weight of one gas-
volume, it follows that the specific gravity of any body=
half its molecular weight.

As the equality in volume of all gaseous molecules,
irrespective of the number of atomic volumes which enter
into their composition, is a well-established law, it follows
(for the same reasons that equal volumes of the elements
contain the same number of atoms) that equal volumes of
compound gases contain the same number of molecules—
not atoms, for the molecules of some compound gases con-
tain more atoms than others; thus the ammonia
molecule we have seen contains four atoms, while the
water molecule contains but three, and hydrochloric acid
molecule only two atoms. We are thus led inductively
to the general statement known as Avogadro's law—that
equal volumes of all substances, when in a state of gas,
and under like conditions of temperature and pressure,
contain the same number of molecules—which is but a
more general statement of this principle.*

* This law of Avogadro is the basis of the molecular theory.
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The smallest bulk of matter that can exist by itself in
a separate state being a molecule, it follows that when
hydrogen—or any other elementary body—occurs in a
free state, it may be represented by a formula which
indicates both its molecular weight and volume, thus:—

H, = (2 parts by weight) = (2 volumes).

The following table exhibits the relations between the
specific gravities and molecular weights of simple and
compound bodies :—

TABLE E,

Showing the relations between specific gravities and
molecular weights of simple and compound bodies.

Sp. Gr.=Wt. of 1 Gas-Vol. ‘MoleculurWt;Wt. ;f_2 d;s-Vols.!
sq(H=1 o, = 2
28 |0 =16 0, =82 |
STIN =14 N, = 28
QR (Cl = 355 Cl, =71
(HCI HC1=36'5
——=1825
3 2
$§/HO H,0=18
312~
S |HN HN=17
2 =8'5
L J

With but few exceptions the molecules of all bodies
occupy the same volume, and this fact is made consider-
able use of, as an aid to the chemist, in determnining the
molecular formule of compounds ; thus the formule Fe,Cl,,
Cr,Cl; and ALCI; are given to ferric chloride, chromic
chloride, and aluminic chloride, respectively, instead of the
formule FeCl;, CrCl,and AlCl,;, which have evidently the
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same ratio of constituent atoms,—for this reason, that
the former formule correspond to two gas-volume mole-
cules, while the latter represent only single volume
molecules, and are therefore inconsistent with our theory.

The chemical specific gravities, or vapour-densities, of
volatile compounds are most valuable as & means of
determining the atomic weights of the elements. As an
example : let it be proposed to determine the atomic
weight of mercury. Now, mercury combines with chlorine
to form volatile compounds, one of which is called
mercuric chloride, the vapour-density or weight of one gas-
volume of which is found to be 135}. Itis further found,
by analysis, to contain in one volume 35% parts by weight
of chlorine and 100 parts by weight of mercury. Why,
then, is not the atomic weight of mercury 100, as that of
chlorine is 353? Because the atomic weight (as already
defined) is the weight of the smallest quantity contained
in two wolumes. Consequently, since one volume of
mercuric chloride contains 100 parts of mercury and 35%
of chlorine, two volumes, or one molecule, must contain
200 parts of mercury and 71 parts of chlorine. It is
hence concluded that the smallest quantity of mercury
contained in two gas-volumes of mercuric chloride is 200
parts, and therefore, that the atomic weight of mercary
is 200; and since 71 = twice 35%, the known atomie
weight of chlorine, a molecule of mercuric chloride may
be represented by the formula HgCl. There is another
chloride of mercury called calomel, or mercurous chloride,
the formula of which is Hg,Cl,.

That 200 is the atomic weight of meroury is confirmed
by the law of Dulong and Petit, which states that the
atomic weight multiplied by the specific heat of each of
the elements is a constant quantity. This quantity,
which is called the atomic heat, is represented (as you
already know) by 6:2. Now, the specific heat of mercury
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being'+032, if 200 be its atomic weight, then its atomic
heat = 200 x ‘032 = 6-4, which is very nearly the same as
the mean value 6'2; whereas if 100 be taken as the
atomic weight of mercury, its atomic heat will be only
32, or almost exactly half that of the other metallic
elements ; and as such a result is forbidden by Dulong
and Petit's beautiful law, 200 must be adopted as the
atomic weight of mercury.

The problem that we have just solved affords as good
an illustration as you could have of the practical applica-
tion of vapour-densities, as well as of the use of the law of
atomic heat.

When speaking of gaseous volumes, you may remember
that phosphorus, arsenie, zine, cadmium and mercury
were mentioned as exceptions to the general law of com-
bination by volume, which states that the atomic volumes
of all the elements are the same.

If you refer to the Table of Atomic Weights (Table D,
page 43), you will find that the atomic weights of these
bodies are there given as in the second columnn of the
following Table : —

TABLE F,
Showing the relations between the Atomic Weiyhts, Vapour-

Densities and Adtomic Volumes of Phosphorus and
Arsenic—and of Zinc, Cadmium and Mercury.

Atomic Vapour- ’ Number of
Name. Weight Density. 1\(4?13:‘,.:;’)& I+toms in the
(H=1) (H=1) 4 { Molecule.
i

{ Phosphorus .. 31 62 12¢ | 4
Arsenic ...... 75 150 300 i 4
Zinc ........ 65 32:5 65 j 1
{ Cadmium .... 112 56 112 ; 1
Mercury ....[ 200 100 200 1
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These five elements form exceptions* to the *law of
volumes,’ inasmuch as their atomic weights differ from
their specific gravities.

The relations between the atomic weights, vapour-
densities and atomic volumes of the five elements in
question is exhibited in Table F. Phosphorus and arsenic
have vapour-densities which are exactly double their
atomic weights ; while, on the other hand, the vapour-
densities of zine, cadmium and mercury are exactly half
their atomic weights.

Again, the atomic volumes of phosphorus and arsenic
are each equal to one-half that of hydrogen, whereas the
atomic volumes of the other three elements—zine,
cadmium and mercury—aré equal to twice that of
hydrogen, or two gas volumes. The phosphorus and
arsenic molecules, therefore, contain 4 atoms each, while
the molecule of each of the other three elements contains
but 1 atom.

These anomalous results would be removed if we were
to double the atomic weights of phosphorus and arsenie,
and at the same time to halve those of zine, cadmium
and mercury.

You will probably say, Why not do so, and thus make
the law of gaseous volumes a universal truth? We do
not do so—

1st—DBecause, if it were done, the atomic heat of these

elements would not then be the same as those of the
other elements, which is the case when the present
atomic weights are adopted.

2ndly—Because, with their present atomic weights a

molecule of the volatile compounds of these elements
occupies two gas-volumes, but if their atomic weights
be altered, as suggested, a molecule of their gaseous

* The molecule of sulphur contains 6 atoms, but sulphuris most
probably & compound body. (See footnote p. 64.)
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compounds would not then correspond with the
established law of the equality of all wmolecular
volumes,—e.g. if the atomic weights of phosphorus
and arsenic be doubled, then the molecular bulk of
each would be equal to 4 gas-volumes—the molecular
bulk being the volume of a molecule, the weight of
which is twice the vapour-density.

You will thus perceive that we cannot alter the atomic
weights of the elements without infringing two already
well-established and important laws, so that you must be
satisfied to adopt, as proper atomic weights, the numbers
given in Table D, which are founded on experimental
facts, and are in harmony with the law of volumes,
Avogadro’s law, the law of Dulong and Petit, and the
doctrine of isomorphism.

Since the vapour-density of a body = % its molecular
weight, the theoretical density, or specific gravity,* of any
gaseous compound may be deduced from its molecular
formuls, thus—

Let it be required to find the density (or specific
gravity) of iodide of hydrogen, otherwise called hydriodic
acid. The molecular formula of hydriodic acid is HI.
On referring to Table D (p. 43) we find the atomic
weights of hydrogen and iodine to be 1 and 127 respec-
tively : therefore the molecular weight of iodide of
hydrogen (HI=1+127)=128; but density=4 molecular
weight : therefore the density of hydriodic acid = 1—:‘8 =
64, 1.e. it is 64 times as heavy as hydrogen.

As another example :—Let it be required to determine
the specific gravity of hydrogen sulphide. This is the
stinking gas, commonly called sulphuretted hydrogen. Its
molecular formula is H,8. Now the atomic weight of

* Specific gravities properly mean relative, or specific, weights.
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sulphur is 32, therefore HS = 2 + 32 = 34. Hence
the specific gravity of hydrogen sulphide = % =17.

These examples are sufficient to illustrate the method
of determining the theoretic specific gravities, or vapour-
densities, of gaseous bodies.

In some books on chemistry you will ind two vapour-
densities given; the one called the Theoretical and the
other the Experimental density; and in consequence
partly of errors in the measuring and weighing of gases,
and partly because the volumes may not have been
measured at temperatures sufficiently removed from their
points of condensation, the densities determined by
experiment occasionally differ from those derived from
theory.*

Moreover, in the practical determinations of vapour-
densities it often becomes necessary to raise the sub-
stance operated on to & very high temperature in order to
bring it into the condition of a true gas; and thus it
sometimes happens that the elements of a compound
body become dissociated, or part company.t

I shall now describe to you & simple method of deter-
mining vapour-densities experimentally.

For this purpose a large globe, fitted with a stop-cock,
and having a certain known capacity, is exhausted of air
by means of an air-pump; it is then weighed while
empty, after which it is screwed on to a transferring jar
(Fig. 5), and filled with hydrogen gas; when this is done
it is again weighed; the increase of weight gives the
weight of the globe full of hydrogen. The globe is again

* The sulphur molecule consists of the ordinary 2-atom molecule
if the determination of its v.d. be made at a sufficiently high
temperature, but of 6 atoms if its v.d. be taken near to its boiling
point.

+ Thus at velg high temperatures even the elements of water
may be separated by dissociation.
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exhausted, and then filled with the gas whose
density is to be determined, and again weighed ;
the difference between this weight and that of
the empty globe gives the weight of the gas.
If the weight thus found be divided by the
weight of the globe full of hydrogen, the
quotient will represent the specific weight (or 7
gravity) of the gas compared to that of hydrogen.

In performing these experiments both the
hydrogen and other gas should be passed
through a drying tube before entering the globe ;
they should also be weighed under the same
conditions of temperature and pressure, other- TFig. s.
wise corrections for volumes will have to be introduced.
The methods of applying such corrections I propose to
explain in the next chapter. If the capacity of the globe
were 11-2 liters, or one gas volume, at the temperature
0° C. and pressure 760 m.m. it would be found to contain,
at that temperature and pressure, the following weights
of the different elementary gases, when perfectly dry :

1 gram of H:drogen.
16 grams,, Oxygen
14 » » Nitrogen.
355 ,, ,, Chlorine.

The author considers it inadvisable to trouble the beginnor at so
early a stage with the elegant method of determining the specific
gravities of vapours recently introduced by Messrs. Victor and Carl
Meyer. He must refer to larger works for information on the
subject when his progress in Chemistry warrants it. For the
various methods of determining the specific gravities of solids and
liquids, the student is referred to any standard work on hydro-
statics,



CHAPTER VIIIL

CHEMICAL PHILOSOPHY—GENERAL
PRINCIPLES.

Now that we know the different weights of a certain
fixed volume (11'2 liters) of the elementary gases, under
the standard conditions of temperature and pressure, we
can easily calculate the weights corresponding to any other
volumes, or conversely, the volumes corresponding to any
given weights of them, at the same standards. For ex-
ample —Let it be required to calculate the weight of 20
liters of oxygen at 0° C. and 760 m.m. barometric
pressure.

Since 112 liters weigh 16 gmms—-

1 liter must weigh -2 112 grams.

Therefore 20 liters must weigh 1% x 20 = 28:57
grams,

Or the problem may be solved by simple proportion, as
follows :—

liters liters grams grams
112 : 20 : 16 =2

n an — 20X 16 __ _

Therefore = T = iﬁ 2857 grams.

Let usnow take, as examples of the converse opera-
tion, the following problems :—

Problem.—To find the volume, at the normal* tempera-
ture and pressure of 50 grams of hydrogen ?

As 1 gram occupies 112 liters—

50 grams must occupy 11:2 X 50 = 560 liters.

Problem.—What is the volume of 48 grams of oxygen
at the normal temperature and pressure ?

* From norma, a rule,—0° C. and 760 m.m.



CHAP. VIIL] LITER-WEIGHT OF HYDROGEN. 67

Since 16 grams occupy 11-2 liters—
1 gram must occupy 32 liters;

Therefore 48 grams occupy 12 X 48 = 336 liters.
Or by simple proportion thus—

grams  grams liters liters
16 : 48 :: 112 : «

Therefore z = 12X %8 — 33-6 liters.

The weight of 1 liter of hydrogen, at the standard
temperature and pressure, ought to be remembered by
every chemist; it may be determined as follows :—

Since 11-2 liters weigh one gram,

1 liter must weigh 7 gram.

When the fraction 1”1]2’ is turned into the decimal form

it becomes ‘0893 as nearly as possible.

Note, therefore, that one liter of hydrogen weighs ‘0893
of a gram, at 0° C. and 760 m.m.

Dr. Hofmann adopts the weight of a liter of hydrogen,
at the standard temperature and pressure, as the unit of
weight, and from the liter-weight of hydrogen he calcu-
lates the weight of an equal volume of any other gas
(under the same conditions).

He describes the use of the liter-weight of hydrogen
as follows :(—

So important, indeed, is this standard weight unit that
some name, the simpler and briefer the better, is needed to
denote it. For this purpose I venture to suggest the term
crith, derived from the Greek word xp:h) signifying a barley
corn, and figuratively employed to imply a small weight.
The weight of 1 liter of hydrogen being called 1 crith, the
volume-weight of other gases, referred to hydrogen as a
standard, may be expressed in terms of this unit.
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*For example, the relative volume-weight* of chlorine
being 855, that of oxygen 16, that of mitrogen 14, the
actual weight of 1 liter of each of these elementary gases,
at 0° C. and 076 m, pressure, may be called respectively
355 criths, 16 criths, and 14 criths.

‘8o, again, with reference to compound gases, the
relative volume-weight of each is equal to half the weight
of its product volume.t Hydrochlorie acid (HCl), for
example, consists of 1 volume of hydrogen + 1 volume of
chlorine=2 volumes, or, by weight, 1 + 356 = 366
units ; whence it follows that the relative volume-weight
of hydrochloric acid gas is 8%5 = 1825 units, which last
figure, therefore, expresses the number of criths which
one liter of hydrochloric acid gas weighs at 0° C. tem-
perature, and 076 m. pressure . . . . . . . .

‘So once more, as the product volume of water-gas
(H,O) (taken at the above temperature and pressure)
contains two volumes of hydrogen + 1 volume of oxygen,
and therefore weighs 2 4 16=18 units, the single volume

of water-gas weighs ¥ =9 units, or, substituting as
before the concrete for the abstract value, 1 liter of
water-gas weighs Oeriths . . . . . . . . . .

¢And so, lastly, of ammonia (H,N): it contains in 2
liters 3 liters of hydrogen, weighing 3 criths, and 1 liter of
nitrogen, weighing 14 criths ; its total product-volume-
weight is therefore 3414 =17 criths, and its single-volume

or liter-weight, is consequently 3 = 85 criths. . .
¢ Thus by the aid of hydrogen-liter-weight, or crith
employed as a common multiple, the actual, or concrete

* Relative volume-weight = specific weight, or specific
gravity.—S.C.
t Product-volume = Molecular volume.—S.C.
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weight of 1 liter of any gas, simple or compound, at
standard temperature and pressure, may be deduced from
the mere abstract figure expressing its volume-weight
relatively to hydrogen.’*

‘From this knowledge, the weight of one litert of
any gas, simple or compound, at any other than standard
temperature or pressure, or under any variation both of
standard temperature and pressure, may be deduced, by
the application of the formulsm, devised by physicists to
express the laws of expansion and contraction for gases
under varying conditions of temperature and pressure.’

We are now prepared to discuss these laws, and from
them to deduce the formulw® referred to by Dr. Hofmann.
For this purpose I must ask you to take the following
Ezperimental Laws for granted, without being actually
proved to you. They rest on the authority of many
eminent experimenters, such as Dalton, Gay-Lussac,
Regnault, Boyle, Marriotte, &c., and can be easily verified
by direct experiment. Their demonstration belongs more
to the province of Physics than to that of Chemistry.

I.—All gases expand and contraci alike, for equal incre-
ments and decrements of temperature.

11.—For every increment of 1° C. in temperature, a gas
expands 2—3‘5 (="003665%}) of its original volume at 0° C.

*The actual weight in grams of one liter of any gas is, therefore,
obtained by multiplying its number of criths by the common mul-
tiple *0893, which we havo already found to be the weight of 1 liter
of hydrogen, at the standard temperature and prossure: e.g., the
weight of 1 liter of oxygen, containing 16 criths, is 16 x 0893 =
1-429 grams.—S.C.

t And consequently, by multiplication, of any number of liters.

4 The vulgar fraction 5}y or the decimal fraction ‘003665 is
called the coefficient of expansion (per degree) of gases.
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From this (Gay-Lussac's law) it follows that 1 volume
of gas at 0° C. becomes 1:003665 volumes at 1°C.,
(1 + -003665 x 2) volumes at 2° C. and (1 4 ‘003665 x )
volumes at ¢° C.

Also 273 volumes at 0°C.
become 274 . ,, 1°C.

» 275 w20
and (273) +¢) ,, » t°C.

It is therefore evident that the volume of a gas may be
doubled by raising its temperature from 0° C. to 273° C.

If, now, it be required to ascertain what volume would
be occupied by & certain quantity of gas whose volume at
0° C. was 100 (cubic centimeters, cubic inches, or cubic
anythings), when its temperature is raised to (let us say)
15°C?

The calculation is made as follows :—

Its volume at 0° C. is to its volume at 15° C. (according
to Law II.) in the ratio of 273 to (273 + 15) ; therefore if
its volume at 15° C. be #, & may be found from the pro-
portion

273: (273 4 15)::100:
Therefore & = 29X1% — 105-49.

Conversely, if we wish to know what volume 100 (cubic
centimeters, inches, &c.) measured off at 15° C., will
occupy when its temperature is reduced to 0° C. ?

We proceed thus:—

Since gases contract (according to Law I.) for a given
decrease of temperature, by the same amount as they
expand for a corresponding increase of temperature, its
volume at 15° C. is to its volume at 0° C. as (273 4 15)
is to 273; therefore calling x its volume at 0° C., z may
be found from the proportion.

(273 4 15) : 273::100 : =
Therefore z = 23X1% — 948 nearly.

— e
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The processes of calculation adopted in these two
examples may be otherwise stated, by the following for-
mulw®, in which ‘003665 is used, instead of the vulgar

fraction 2—%-3, for the coefficient of expansion of gases per

degree.
. Vi = Vo (1 4 003665 ?).....cccuvennneen 1]

This formula, in which 7, is the volume at the tem-
perature 0° C., and V; the volume corresponding to any
temperature t° (above zero), is suited to calculations
similar to that given in the first example. Mere inspec-
tion of this formula will satisfy you that it is only a
general statement of the principle adopted in the first
calculation, which I shall now repeat as an illustration
of the use of the formula ; making the necessary substi-
tutions, we may write our formula thus :—

Vis = Vo, (1 4+ 003665 x 15)
= 100 (1 + '054975)
= 100 4 (“054975 x 100)
= 100 + 54975
Therefore V15 = 105:4975.

The latter process of calculation being the converse of
the former, the formula suited to calculations similar to
that given in the second examl}}e will be

¢
Vo= 1 4 *003665 X t....oovvvnninnnnes 2]

This formula may evidently be deduced from the last
by solving for V,, the volume at 0° C.

If now we had 100 liters of gas at 15° C., and it be re-
quired to find z, the volume it would occupy at a higher
temperature, say 25° C., we use the following proportion.

(273 4 15) : (273 + 25) :: 100 : = (the vol. at 25°;
or the calculation may be made by the following approxi-
mate formula—

V' = Vt{ 1 + 003665 (t'—t)} ............ (3]
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in which V}' represents the volume corresponding to the
higher temperature ¢, and V3 the volume corresponding
to the original (lower) temperature ¢.

This is the general formula—of which [1] is only a
special case—for calculating the volume of a gas when
raised from a lower to & higher temperature. Itsconverse,

14 L
V=T F 003665 (£ —1)eveeeervene 4]
is the gemeral formulao—of which [2] is only a special
case—for calculating the volume of a gas when reduced
from & higher to a lower temperature.

In this discussion I have made no allusion to pressure,
which has an important effect on the volume of a gas,
because in these laws and in the formulse derived from
them the pressure is supposed to be constant, that is, not
to vary.

These laws and formule are, therefore, applicable to
the expansions and contractions of gaseous volumes only
when they expand and contract under a constant, or un-
varying, pressure, which would always be the case if the
expansions and contractions of gases took place only when
the mercury in the barometer tube stood at the standard
height, 760 m.m, But these expansions and contractions
take place at every variation of temperature, whether the
barometer reads 760 m.m. or not; moreover, the height
of the mercury in the barometer tube, we know from
experience, varies considerably at different times in the
same day, or even in the same hour, these variations
depending on the pressure of the atmosphere—of which
the barometer is a measurer ; again, the pressure of the
atmosphere is found to vary with the height above the
sea level, at which level the average pressure of a column
of it is the same as the weight of a similar column of
mercury 760 m.m. high; hence it is manifest that if we
wish to compare the volumes of gases we must either do
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8o when measured at the same temperature and pressure ;
or, when measured at different temperatures and pres-
sures, calculate the volumes they would occupy, if they
had actually been measured off at the same temperature
and pressure. The latter course being the most practic-
able—it being very often inconvenient to wait for the
barometer to rise or fall to 760 m.m.—is the one generally
adopted ; and the common temperature and pressure, at
which all gaseous volumes are compared are, as already
stated, 0° C. and 760 m.m., of mercury.

Now, there is a very important law derived from
experiment, which enables us to connect by means of a
formula the volume of a gas with the pressure it supports.
I shall call it the third experiment law. It relates to the
expansion and contraction of gases under variations of
pressure only, and it therefore supposes the temperature
to remain constant. It was independently disecovered by
both Boyle and Marriotte.

III.—The volume of a gas is inversely proportioned to
the pressure it supports ; that is, if the pressure on a gas
be doubled, its volume will be reduced to one-half; if the
pressure be halved, its volume will be doubled ; if the
pressure be trebled, its volume wlll be reduced to one-
third ; if the pressure be reduced to one-third, its volume
will be trebled; and so on, the volume being always
reduced or increased in exactly the same ratio as the
pressure is increased or reduced.

By the aid of this law we can calculate the volume that
will be occupied by a gag under any other pressure if we
know the volume it occupies under a certain stated pres-
sure. For example—If it be required to know what
volume will be occupied by a gas under 760 m.m.
barometric pressure, if its volume measured off under a
pressure 720 m.m. of mercury were 100 liters :—
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The calculation may be made according to the ordinary
rule of inverse proportion. 8ince (according to Law III.)
the volumes are inversely proportional to the pressures,
the volume at 720 m.m. will be to the volume at 760
m.m. in the <nverse ratio of these numbers, that is as
760: 720.

Hence the required volume z is determined by the
following proportion :—
760:720 :: 100 : z

oo = XN = 94-74 liters,

This law may be expressed by a general formula as
follows :—If V denote the volume occupied by a gas
under a pressure p, and ¥’ its volume under a pressure
p', then by Law I1I.,

VeV iup:p

Therefore V = K;-I)-)-'— ........................ 5]
Or, Vp=Vp' e [6]

This latter is, I think, the form in which Law III. may
be most easily retained in the memory. I must therefore
ask you not to forget that Vp = V'p' = V" p", &e.

" In illustration of this useful formula, I shall work the
last example over again ; for this purpose let ¥ represent
the volume at 760 m.m. ; that is, the volume we require
to calculave: p then will represent 760 m.m.; and V'
will be the known volume (100 liters) at the given pres-
sure 720 m.m. (=p’).

Now by formula (6) Vp=V'p'.
Therefore by substitution ¥ x 760 = 100 x 720.

Hence, as before, V = 10X _ 94.74,
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The following two laws are also proveable by experi-
ment : they may, however, be deduced as consequences
of Law III. I shall call them the fourth and fifth
experimental laws,

IV.—The elastic force; or tension, of a gas is directly
as the pressure it supports, and inversely as the column it
occupies.

V.—The density of a gas is directly as the pressure it
supports, and inversely as the volume it occuples.

Since the elastic force, or tension, of a gas is measured
by the pressure it supports, it is evident that the fourth
law is a consequence of the third.

In a similar manner the fifth law may be easily shown
to follow from the third.

If now V, denote the volume of a certain quantity of
gas at the temperature 0° C. (pressure supposed constant),
it follows from Law II., commonly known as Gay-
Lussac’s law, that if Vj be its volume at the temperature
t G,

Vo= Vo(l4 kl)uvevirrs o, (7]
where & = 1, or, ‘003665.
73
Hence 7, = Ve _
1+ kt

From Gay-Lussac’s law it also follows that if V' be the
volume occupied by the same quantity of gas, at any other
temperature ¢'

Vi = Vo (1 + kt').
Substituting for V, its value from last equation, we have
1+ &/
T — _
W=V

Combining this with equation [6] which represents Law

III., or that known as Boyle’s (or Marriotte’s) law, which
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states that Vp="V"p’, it follows that
14 &
VX p'=V: 1_4-{—:7# X p.*

That is—

Vp't' = Vpb % .]Z)_)’ ceesseseerenaanren [_9]

This, which is & combination of Gay-Lussac's and
Boyle's laws, is a very useful and important formula : it is
applied to calculate the altered volume when a gas under-
goes a change both of temperature and pressure : Vyy and
Vpt represent the volumes occupied at the pressures and
temperatures p', ¢’ and p, ¢ respectively.

If we replace & by its equivalent *003665, the last for-
mula may be written thus :—

_ 1+ 003665 ¢’ p
Vv =Voe 10036657 pr

Or, substituting the fraction 2*;3 for k, and reducing,
we may write it as follows :—

Vp't'= fo, 27~——3—-'_—-£ -}—) ............ [11]

I shall now work out the following problem in illustra-
tion of the practical use of such formule.

Problem.—If the volume of a given quantity of gas be
230 liters when measured at 14° C. and 740 m.m. pressure,
what volume will it occupy when measured at the usual
standards (0° C. and 760 m.m.)? To solve this problem
we may employ either of the two formulee just given.

* For Proof see Addenda.
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Employing the latter, we have—

Vo = Vime® = required Vol.
Vs = 230 liters = given ,,
p¥ = 760 m.m.,
t’ — 00;
y4 = T40 m.m.,
17 = 14°
Therefore we may write our formula thus :—
o_ 273 + 0 740
Viod® = 380 X g7 =74 X 750
__230X273X 740
98T
=213:023

.. Required volume = 213-028 liters.

Regnault has found that a liter of dry air (at 0° C. and
760 m.m.) weighs 1-293187 gram.
Hence from the general equation
_ 273 + ¢t p
Vwe = Vo oty
we can deduce expressions for the weight of any volume
of air—or other gas, whose density with reference to air
is known—at any variation both of temperature and
pressure,
If W=the weight in grams of (any volume) V liters of
air at the normal temperature and pressure, then

liter  liters Wt. in grams of 1liter Wt. in grams of V liters
1 : V7V :: 1-293187 W
. w
“ V =1903187
Substituting this value of Vin the general equation, and
writing V' for ¥y, we have
w 273+t p

V' = «
= 1993187 T3 4+t 9
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Now ¢ and p are respectively the temperature and
pressure corresponding to the volume ¥ which was taken
at standards : therefore ¢ = 0° C., and p = 760 m.m.

Consequently, by making these substitutions, our equa-

tion becomes
w 278 4 ¢' 760

V'=-1703187 "3+ 0 7
Reducing this expression we obtain
V' =2-159TW. _21317“_' .................. [12]
S ¢ V.'p'
W= 5157 WIET
1
But oi5aT = 4645
T — eap vy
L [13]

Since this formula is also true for any altered volume V"
when the corresponding temperature and pressure " and
p" are substituted for ¢’ and p', it is, therefore, general :
we may, consequently, remove the accents and write the
expression, thus—

This important equation enables us to calculate (W) the
weight in grams of any volume (V in liters) of dry air at
any temperature ¢° and pressure p millimeters.

The weight (in grams) of any volume (in liters) of any
other gas than air is obtained by merely multiplying the

* From this equation it follows that, for a given mass of ga.slTP=

a constant, where T = the absolute temperature, i.e., that measured
from 273° below zero (see Addenda). It also follows that, if the
weight of the air containedin an air-thermometer be '4645 of a gram,
Vp = absolute temperature.
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above expression by the specific gravity (with respect to
air as unity) of the particular gas whose weight is required.

Hence for any gas, if s = its specific gravity with refer-
ence to air as unity—

Vps
W = 4645+ 27».—_— ........................ [15]

The specific gravities of chemical substances, however,
are generally stated with reference to hydrogen as unity ;
we have, therefore, to obtain a formula for the weight of
any volume of hydrogen gas, at any temperature and pres-
sure. This can easily be done by substituting for s, in
the last formula, the specific gravity of hydrogen with
reference to air as unity, which is 0:0691.

Making this substitution we have

. Vp x 0691
Therefore for Hydrogen
_Vp
W = 0321 A [16]

Since the specific gravity, or density, of any other gas
(with reference to hydrogen) is equal to the atomic, or
combining, weight, in the case ¢f an elementary gas, and
to half the molecular, or combining, weight in the case of
a compound gas, it follows that for any gas

combining weight
W=-0321 978 1 t( " ) [17n
where n = 1 for an elementary gas,
and 2 = 2 for a compound gas.

By the aid of this all-important formula we calculate
the weight corresponding to a given volume of any gas,
simple or compound, which obeys the law of (atomic or
molecular) volumes, as explained in the preceding lecture
—or, conversely, the volume corresponding to any given
weight, when its combining weight, temperature, and
pressure are known.
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T have now directed your attention to those physical
laws—derived from experiment—which govern that
molecular condition of matter known as the gaseous
state. In connection with this subject there remains to
be noticed an important physical property of gases,
resulting, most probably, from the repulsive molecular
movement so characteristic of the gaseous condition.
This property is usually called the diffusion of gases,—
or the process of intermixture of aériform substances one
with another.

Notwithstanding the great differences in density which
exist among gaseous bodies, they are found to inter-
mingle with each other in all proportions, and as freely
as if each were a vacuum to the others. Thus, for
example, chlorine, which is 35} times as heavy as
hydrogen, diffuses itself uniformly through the latter gas,
even though the hydrogen and chlorine be contained in
separate bottles connected together by a long narrow
tube—the lighter gas, hydrogen, being uppermost. It is
not only that the heavier gas (apparently contrary to the
laws of Hydrostatics) ascends through and mingles with
the lighter, but likewise the lighter gas descends through
and mixes with the heavier one. The mixture thus
obtained is mechanical,* but, unlike the mechanical
mixture of two liquids of different densities, such as
water and mercury, the mixed gases never again separate
into layers differing in density, however long they may
be left in a state of rest.

This process of diftusion goes on between gases when
separated by porous partitions—such as thin plates of
plaster of Paris, animal membranes, &c.—as well as when
in immediate contact. It is found by experiment that

*Provided that the gases be such as do not act chemically on
each other when brought together.
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the lighter the gas the more rapidly it escapes through
porous septa. Thus hydrogen, the lightest of gases,
possesses the highest diffusive power. The difference
between the interdiffusive powers of air and hydrogen
may be exhibited by plugging one end of a
long glass tube with a thin lamina of
plaster of Paris, and, when dry, filling
the tube with hydrogen gas. On immers-
ing the open end of this tube—called a
diffusion-tube, or diftusiometer—in a
vessel containing water (Fig. 6), the water
is seen to rise steadily in the tube, in
consequence of the hydrogen escaping
more rapidly through the porous partition C1ig 6.
than the air enters to replace it. -

It was in this manner that Professor Graham (late
Master of the British Mint) discovered that the rate
of gaseous diffusion is regulated by a remarkable law,
which may be thus stated :—The relative diffusibility (or
velocity of diffusion) of different gases is inversely propor-
tional to the square root of their specific gravities™ ; thus
it is found that 4 volumes of hydrogen will escape from
the diffusion jar in the same time that 1 volume of oxygen
is capable of doing so.

Professor Graham has also introduced the term dialysis,
by which is meant the separation of certain colloidt
substances (such as hydrated silica, &c.) from more easily
diffusible bodies (crystalloids) by means of liquid diffasion.
Dialysed iron is prepared by this process from moist ferric
oxide,

*The same law regulates the rate of influz (into a vacuum) of
gases through an orifice in a thin plate. If Vand ¥V’ be thc volumes
c;; two gases which pass through a partition in the same tima, theu

1
V= g— is the algebraical expression of this law.
t From Kolle, glue.
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A curious theoretical conclusion may be deduced from the ex-
pression V¢'= Vt 1 + kt (Formula [8], Chapter VIIL) if we suppose

the law of dlmm\mon oi volume (see Experimental Laws I. and II,,
Chapter VIIL) to hold good while & gas is being cooled down indcﬁp
nitely : for when #' equals—278° C. this formula becomes (writing
g for k) V(21w = VII
273 273+

Hence the volume of a gas (supposed incondensable) becomes 2ero
at the temperature—273° C., i.e. its molecules would then be in
actual contact and reduced to a mathematical point :—273°C. is
therefore the temperature at which no space exists between the
molecules of & gas ; and since there is no space for motion to take
place, it is probable that there would therefore be no heat in & gasat
that temperature, which, for this reason, is called the absolute zero
of temperature, and may be regarded as the point at which absolute
cold begins.

Formule [9], [10] and [111, page 77, may be proved as follows :—
Let ¢p represent the volume assumed at ¢ when the volume ¥ is

heated from t to t', then ¢ = V¥ 213+ Y
273+t

If now ¢ be changed to 7' by altering the prossure from p to p/,
then by Boyle’s law—

Vigiipip' o V’—_-(,[,%
And therefore substituting the above value for ¢ we got—

by Gay-Lussac's law.

Vo=VE2TY xp
278+

According to Avogadro’s law the molecular volumes of all gases
at the same temperature and pressure is one and the same, that is

’g: a constant (where m is the molecular weight and d the density)

Hence, for ydrogon standards %L=2.= Specific Tolume,
But for densities referred to air as unity :T"=28'9 = Specific

volume, air being 14-44 times as dense as hydrogen,



CHAPTER IX.

CHEMICAL PHILOSOPHY—GENERAL
PRINCIPLES.

In this chapter I purpose to direct attention to some
techwical terms, at present much employed in chemical
literature, and to explain their scientific mearing.

First, then, Ishall endeavour to expisin what is meant
by the quantivalence,* or atomicity, of the Elcments.

When we introduce a strip of copper into a solution of
argentic sulphate (sulpbate of silver), we find that metallic
silver separates from the solution, while a certain quantity
of the copper dissolves instead of it. And when, into
the solution of copper (sulphate of copper) thus formed,
a piece of zine is introduced, metallic copper precipi-
tates, and a fixed portion of the zine dissolves to replace it.

By experiments of this kind it is found that the
relative proportions by weight of the metals which thus
replace each other are (under given conditions) fixed
and definite. Thus, for example, for every 108 parts of
silver so precipitated 31:75 parts of copper are dissolved
to replace it ; and for every 3175 parts of copper thus
precipitated 32'5 parts of zinc undergo solution. These
being the relative proportions of the metals, silver, copper
and zine, which invariably replace each other whenever
such substitutions take place, they are termed the chemical
equivalents of each other. On comparing the numbers
108, 3175 and 32'5 with those representing the atomic
weights of silver, copper and zino (see Table D, p. 44,
we find that the atomic weight and chemical equiva-
lent of silver are the same, whereas the atomic weights
of copper and zinc are double their respective equivalents

* From quanti how much, end valeo I am worth,
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Hence it follows that 1 atom of copper or 1 atom of zine
is equivalent in replacing power to 2 atoms of silver ; and
consequently the action of metallic copper on a solution
of silver sulphate (Ag, SO,) may be expressed by the
chemical equation—
Ag, 8O, 4+ Cu = Cu SO, + Ag,

which shows, at a glance, the fact that 1 atom of copper
(Cu), replaces 2 atoms of silver (Ags).

In the equivalent substitutions of this nature it is
found that while in some cases certain elements replace
each other, atom for atom, in other instances, two, three,
four, or more atoms of one element are replaced by one
atom of another. And thus, taking the aiom of hydrogen
as the wnmit of quantivalence, the several elements are
technically termed monovalent, divalent, trivalent, tetra-
valent, &c., according as their individual atoms are
capable of replacing, one, two, three, or four, &c., atoms
of hydrogen. In this sense, we call hydrogen, chlorine,
bromine, iodine, potassium, sodium, silver, &c., monovalent,
or monatomic, elements; oxygen, sulphur, selenium,
tellurium, caleium, copper, and zine, divalent, or diatomic,
elements; nitrogen, phosphorus, arsenic, and gold,
trivalent, or iriatomic, elements ; and carbon, silicon, tin
and platinum, fetravalent, or tetratomic, elements. The
members of these several classes are likewise frequently
termed monads, dyads, triads, tetrads, &c.

This combining or replacing value of the elementary
atoms—termed gquantivalence, atomicity, or atom-fizing
power—is usually denoted by attaching a corresponding
number of dashes to theirsymbols, thus : Ag’, Cu”, Au'",
Pt""", &e., or by means of Roman numerals, thus: CIr,
Ou’ Nm’ Crv,

Under particular conditions the atoms of several of the
elements appear to undergo a change of combining value.
Thus sulphur, though frequently a dyad element, some-



CHAP. IX.]  ARTIADS—PERISSADS—BONDS. 85

times acts the part of a hexad. Nitrogen, too, though
commonly a triad, occasionally becomes a pentad, as in
ammonium chloride (NH',Cl'). It is generally found
that, when the quantivalence of an element varies, the
variations are regular, being all even or all uneven. Thus,
for example, sulphur, usually a dyad, may play the part
of a tetrad or hexad—but not of a monad or triad. And
nitrogen, usually a triad, may become a pentad or monad
—but not a dyad, tetrad, or hexad. Eicments (like sulphur)
of even equivalency are termed artiads, and elements (like
nitrogen) of uneven equivalency are called perissads.
Another system of marking atomicity has recently been
introduced into chemical writings. It consists in attaching
lines or dashes (to the number equivalent to the
atomicity) to the symbolical notation, and such lines are
conveniently termed bonds, or links. Hydrogen, a
monad, is indicated thus H—, Oxygen, a dyad, —O—

and Nitrogen, a pentad, thus \N/-—, while the sulphur atom
/

as a hexad is written _.\s/_.
7\

By assuming that these bonds can unite in pairs, thus
satisfying each other, it is easy to account for the
possibility of an element changing its atomicity in certain
combinations. Thus, by one pair of bonds uniting
together, sulphur, whose maximuin atomicity is hexad,
may become a tetrad as in SO, ; and by the union of two
pairs of bonds sulphur mmay become dyad, as in H,S.
Similarly with perissad elements, by the union of pairs
of bonds, pentad may become triad or monad :-—

Pentad. Triad. Monad.

Ve IEe;

—— N—
VAN VaN 8
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In the following table, the 36 most important elements are
classified according to their maximum atomicities. The names of
the non-metallic elements are here printed in italics. Elements
resembling each other in chemical characters are grouped together
in sections,

Monads, Dyads Triads Tetrads, Pentads, Hexads,
or or .or or or or
Monavalent| Divalent | Trivalent |Tetravalent Pentavalent [Hexavalent
Elements. | Elements. | Elements. | Elewents. | Elements. | Elements.
18t Secti 1st Sect 18t Secti 18t Section. | 1st Section. ‘1st Section.

Hydrogen. |Oxygen Boron. Carbon. Nitrogen. | Sulphur
Silicon. Phosphorus,
ond Section.|2nd Section.2nd Section.| Tin. Arsenic. 2nd Section.
Antimony.
Fluorine. |[Barium. Gold. 2nd Section.. Bismuth. Chromiam.
Chiorine. |Strontium. IManganese.
Bromine. |Calcium. Aluminum Cobalt.
JTodine. Magnesium.| Iron. Nickel.
Zinc. Iron.
8rd Section. 3rd Section.
8rd Section.
Potassium. Platinum.
Sodium. Cadmium. .
Mercury. 4th Section.
4th Section. |{Copper.
Silver. Lead.

The atom of iron in ferric coinpounds has tetratomicity.

The number of bouds of any atom in apparent play in
a chemical compound is termed the active atomicity,
while the number of bonds which have disappeared by
mutual union is known as the latent atomicity.

.. Absolute atomicity = active + latent.

The term radicle (from radiz, & root), is applied to any
atom or group of atoms which, for the time being, may
be considered as forming the principal atomic component*
of the molecule of any compound body. Accordingly, we
have simple and compound radicles. The elementary
atoms are simple radicles; and those groups of two, or
more, simple radicles (or atoms) which, like the
elementary atoms, can pass from one substance to

* Thus 4g. would be the principal atomic component of the silver
compounds.
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another without undergoing decomposition, are called com-
pound radicles. The term atom is frequently applied to
compound radicles in the same sense as it is to the
elements. Thus we speak of NH, as an atom of the
compound radicle ammonium, and justly so, since it is
capable of replacing an atom of potassium or of sodium,

Radicles are divided into two great classes :
Acid Radicles.—Those which are electro-negative ; and
Basic Radicles.—Those which are electro-positive.

Among simple radicles the non-metallic atoms con-
stitute the principal acid radicles, while the metallic
atoms are gencrally basic radicles. Hydrogen forms a
kind of link between the two groups—its atom being,
usually basic when in combination with non-metallic
atoins, and acid when combined with metallic atoms.

The electro-positive elements, or the metals, and the
electro-negative elements, or the non-metals, together
with about twenty cownpound radicles, constitute respec-
tively the basic and acid radicles with which we shall
have to deal (See Table G, p. 97).

When the elements of water enter into combination
with a metal or its oxide, the resulting compound is
called a hydrate—thus metallic sodium and water yield
sodium hydrate and free hydrogen.

The chemical change is thus represented :—

Na, 4+ 2HO = 2(NaHO) + H,

Sodium. ‘Water. Sodium hydrate. Hydrogen.
And calcium oxide and water yield Calcium hydrate
Ca0 4+ HO = Cal),

(Quick lime.)  (Water.) (Blaked lime.)
The term salt, which in ordinary language is uscd to
denote sodium chloride, or common sea-salt, is applied
by all chemists to all those compound bodies which
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(unlike compound radicles) as a rule undergo decomposition
previous to entering into further chemical combinations.*

The term acid—originally the generic name for those
bodies which (like vinegar and lime-juice) possess a sharp
or sour taste—is now employed, in a wider sense, to
designate compounds containing one or more atoms of
hydrogen displaceable by metallic atoms or by basic com-
pound radicles.

Acids react with many compound bodies in the same
way that salts do, viz., by double decomposition, e.g. :—
Potass. hydrate 4+ Hydrochloric acid=DPotass. chloride + Water

~ ———— ~—
KHO + HGL = KOl + H,0.

Again nitric acid and sodic hydrate yield the salt sodic
nitrate and water—

HNO; + NaHO = NaNO, 4+ H,0.

And sulphuric acid and sodic hydrate give sodic

sulphate and water.t
H.S0O, 4 2NaHO = Na,SO, 4 2H,0.

‘We may therefore, define an acid, in general terms, as
a salt of hydrogen. On the other hand, a salt may be
regarded as derived from an acid, in which one or more
atoms of hydrogen have been exchanged for an equivalent
number of metallic atoms or compound basic radicles.

The acids are said to be monobasic, dibasic, tribasic, &e.,
when their representative molecules contain respectively
one, two or three, &c., displaceable atoms of hydrogen :—

Nitrie acid (HNOy), Sulphuric acid (H,SO,) Phosphoric
acid (H,PO,) are respectively mono-, di- and tri-basic
acids.

* +If wo try now to state what is the idea which is attached to the
‘word salt, as at present used in chemical science, we find it impos-
sible to do so in very precise terms. Probably we msy most cor-

rectly define this idea by saying that it implies the capability of
readily undergoing double decomposition.'— Watts' Dict. Chem.

t In fact the modern criterion of an acid is that when acted upon
by a metallic hydrate it should yield a salt with the elimination of
water, as in the above examples.
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The term base is applied to an important class of com-
pound bodies—opposed in chemical properties to the
acids—which by uniting with acids form salts.*

The metallic ozides and their kydrates form the principal
inorganic bases.

The following bodies serve as illustrations :—

Basic Ouxides. Hydrates.
Sodic oxide (soda) NagO;  Sodic hydrate (caustic soda) NaHO.
Potassic oxide (potash) K,0 ; Potassic hydrate (caustic potash) KHO.
Calcic oxide (quicklime) CaQ; Calcic hydrate (slakod lime) CaO.H,0.

Magnesic oxide MgO; Magnesic hydrate MyH,0,.
Ferric oxide Fe,0)y; Ferric hydrate Fe,H O,
Aluminic oxide Al;Oy; Aluminice hydrate AL, &e., &e.

The most prominent character of a basc is its capacity for
saturating acids. In this respect the powers of bases differ
considerably.

Certain compounds of nitrogen and hydrogen, hydrogen
and phosphorus, &c., as ammonia (NH,) and phosphuretted
hydrogen (PH,) are sometimes classed among the bases !

The term anhydride is employed to designate the com-
pound which remains after all the displaceable hydrogen
is removed (in the form of water) from one of the ordinary
oxyyen acids. Thus—-

Carbonic acid Water Curbonic anhydride

S—— e’ ~——— N e
H,COs — HO = CO,

Sulphuric acid Wator  Sulphuric anhydride

N o e e e Sy —t — /d
1IL,SO, — ILO = 50,

* According to the binary ineory of salts, all bodies resultis;, from
the combination (in pairs) of acid and basic radicles are classed as
salts. Thus an acid is the electro-negative constituent of & salt
while a base is the electro-positive constituent.

+ This type of basic bodies belongs principally to Organic
Chemistry, which, according to Liebig, is ‘the chemistry of ¢cin-
pound radicles.’
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When an acid and a base combine a salt is always pro-
duced. If such a salt be the result of the union of an
oxygen-acid with a base it is termed an oxysalt ; if the salt
contain sulphur instead of oxygen it is known as a sulpho-
salt ; and when free from oxygen and sulphur it is called
a haloid-salt, is derived from a halogen acid, such as the
hydrochlorie, hydrobromic, hydriodic or hydrofluorie.

An anhydro-salt is formed when the anhydride of the
acid of the salt enters into combination with the ordinary
salt :—for example, K,CrO,,CrO; is called anhydro-
chromate of potassium.

Ozxy-salts are, according to constitution, divisible into
three classes, normal, acid, and basic :—

A normal salt is one in which the whole of the dis-
placeable hydrogen of the acid is exchanged for an
equivalent amount of metal or of basic compound radicle.

An acid salt is one in which only a portion of the dis-
placeable hydrogen is displaced by a metal or by a
compound basic radicle,—some of the hydrogen of the
acid from which the salt is derived being still present, it
is constitutionally looked upon as an acid salt, even though
it may have an alkaline reaction ; bicarbonate of soda for
example NaHCO,. now called acid carbonate.

A basic salt may be regarded as a compound resulting
from the combination of a normal salt with an additional
quantity of its own or some other basic substance; a salt
in which the units of basicity exceed the units of acidity;
it is the opposite of an anhydro salt.

All ucids (soluble in water) taste sour and turn vegetable
blue colours red. The soluble bases possess an acrid taste
and restore the blue colour to vegetable blues which have
been reddened by an acid. Bases turn yellow turmeric
Lrown, while acids restore the yellow colour to turmeric
which has been browned by a base.
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The alkalis* are characterized by being more soluble in
water than other bases, and by their power of neutraliz-
ingt acids; their solutions, like those of other bases,
restore the blue colour to reddened litmus, but turn the
infusion of purple cabbage green.

A salt hasan acid reaction when it turns litmus solution
red and a basic reaction? when it turns reddened litmus
blwe. A neutral salt does neither The reaction of a
solution of any salt with litmus is not always in accord-
ance with its constitution; for instance, a normal salt
may have an acid or a basic reaction notwithstanding the
apparent neutrality of its mnormal constitution. The
reaction of a salt cannot, therefore, be predicted by its
molecular constitution, but is determined by experi-
ment.

Here is a list of various kinds of salts, showing their
modes of derivation from corresponding acids :—

Acids. Derived Salts.
Potassium Chloride, KCl.
‘Sodium Chloride, NaCl.
Ammomum Chlonde NIH,CL
&e.
Potmsmm Nitrate. KNOs.
Silver Nitrate, AgNO,.
&e. &e.

Monobasic
Hydrochloric, HCI

Monobasic j
Nitric Acid, HNO, {
Di-basic .
Carbonic Acid, H,CO, J ILIJI “1(1}8(‘)(1232:&&1)

(Hypothetical) { & s )

* The term alkali is of Arabic origin—al signifying the, and kali,
the name of the plant from the ashes of which tho vcgc!,ubh- nlkali,
caustic potash, was obtained. Tho alkalis proper are puiush (the
vegetable alkali), sode (the mineral alkali), and aqueous ammonia
(the animal alkali).

+ A substance is termed neutral when it exhibits neither acid nor
basic reaction with litmus solution.

+ Basic reaction is more frcquently termed alkaline reaction, the
a.lka.lls being themselves strongly basic in character.
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Acids. Derived Salts.
Di-basic {Na., 80, (Normal)
Sulphuric Acid, H,SO, NaH 80, (Acid)

Nas PO, (Normal)
Nag, HPO, (Acid)
Tri-basic NaH, PO, (Acid)
Phosphoric Acid, H,PO, Ca, (PO,), (Normal)
CaH, (PO,), (Acid)
&e.

Tetra-basic Na, SiO,
Silicie Acid, H,SiO, { K, 8i0,

The majority of the natural silicates do not, however, conform to
this simple law of derivation from silicic acid.

Gerhardt has instituted a system of classifying
chemical compounds according to certain types ¥*—which
are molecular models, or patterns, from one or other of
which the molecules of every compound may be supposed
to be derived by the process of equivalent substitution.

The typical bodies are four in number, namely ;:—

H 3
(1) Hydrochloric acid type...Cl } or HOL

g
(2) Water type......cceuuneen... Hy 0, or H,0.
H
(8) Ammonia type .....eeueen. H t N, or H,N.

(4) Marsh-gas type............ g G, or HC.

Compounds, the molecules of which are similarly con-
stituted, and which exhibit similar chemical reactions,
are said to belong to the same type, and they are supposed
to be derived from that type by substitution, and for this
reason are not unfrequently called substitution products.

* From T¥mos (tupos), & model,
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In this sense the chlorides, bromides, iodides, &c., are
regarded as belonging to the same type, viz. the
Hydrochloric acid type............... HCL

Thus, for example, when K issubstituted for H in this
typical molecule, we get K Cl, a molecule of chloride of
potassium. Potassium bromide and iodide (K Br and KI)
are similarly derived.

Some compound bodies must be regarded as derived
from a multiple type. Calcium chloride, Ca''Cl,, for
instance, is built on the

Double hydrochloric acid type... {gf
two atoms of hydrogen being replaced by the divalent
atom Ca'.

The oxides, sulphides, oxygen salts, sulpho salts, &e.,
belong to the water type, H,O and its multiples n11,0.

Thus a monobasic oxygen acid, as, for example, nitric
acid, may be regarded as derived from the water type by
the replacement of one of the hydrogen atoms in the

water molecule H } O by the compound radicle NO,.
Nitricacid....ccveuuvennnn. LR (6]

and potassium nitrate on this theory would be written
thus : NO} 0O, where the metal displaces the only

atom of hydrogen in the monobasic acid HNO,. Ilence
monobasic acids can yield but one class of salts, t.e.
normal salts ; while di-basic acids yield two kinds of
salts and tri-basic acids three kinds, as in the casc of the
phosphates of sodium (p. 92).

Bodies belonging to the remaining two types are mostly
represented by organic compounds.
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When the formula of a chemical compound indicates,
by means of the lowest integer numbers, merely the re-
lative proportions in which the several elementary atoms
of which it is composed are associated, it is termed an
empirical formula. If a chemical formula expresses the
absolute number of the several elementary atoms entering
into the composition of a single molecule, it is then called
a rational formula. Thus the two formuls of ferric
chloride are written :—

Empirical formula.......... oo Fe Gl
Rational formula.....cc.cevveeen.. Fe, Cl,.

True molecular formule* are negessarily rational
formulie. Empirical formul® are (or should be) only
employed to represent compounds, the true molecular
weights of which remain undetermined.

The empirical formula of & compound is easily deter-
mined when we know its percenlage composition. The
manner in which this is usually done is to divide the per-
centage amount (ascertained by analysis) of each
constituent by its combining weight, then dividing each
of the quotients thus obtained by that which is least, thus
finally reducing to their simplest ratios.

For example:—A compound is found on analysis to
possess the following percentage composition ; we de-
duce the empirical formula as follows :—

Hydiogen............... 17-647
Nitrogen .......ccoeunee 82:353
Total =100-000
: 17-647
Proportion of Hydrogen Atoms= i =17-647
82-353

Proportion of Nitrogen Atoms= 14— =9882

¥ Compare Chapter VII., page 59.



CHAP, IX.] PERCENTAGE COMPOSITION, &c. 95

The simplest ratio between 17647 and 5882 is 3 : 1—
for 17-647+5-882=3+1.

Therefore the empirical formula is (H=3 atoms, and
N=1atom) H;N, that is Ammonia.

As another example of this oft-required process, let it be
required to determine the empirical formula of a sub-
stance composed of hydrogen, carbon and oxygen, which
yields by analysis the following percentage composition,
viz, 1—

Hydrogen.................. 2:00
Carbon .....cc.covvvennnnn. 42:00
OXYZON .ot iiiieeiiinennns 56 00

Total==100-00

0
Now 200

=9=Troportion of Hydrogen atoms ;

>
0

<l

=3-5="Proportion of Carbon atoms;

= G
orl 84

and T;: 3:5="Proportion of Oxvgen atoms,

The simplest whole numbers in the same ratio are 4,
7 and 7 .. the empirical formu's is H,C,0, that is
meconic acid (an acid found in opium).

On the other hand, when the formula of & body is
known, we may have to determine its percentage com-
position. This may be done as follows:—

Suppose we were asked to calculate the percentage
composition of the salt whose formula is—

Na,HPO, (disodium-hydrogen phosphate)

Na,=46
H=1
Then we know that ' P =31
| O, =64

Therefore the molecular) 142
weight of the salt ;=
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Hence by proportional parts we have—

142: 100 46 : 324 = Sodium

142 ; 100 1: 07 = Hydrogen
142 : 100 31 : 21'8 = Phosphorus
142 100 64 : 451 = Oxygen |

.. The salt contains in every 100 parts by weight

Sodium........cceeevnnrennnion. 32:4 parts
Hydrogen.......ccoovuvnennnns o7
Phosphorus...........cvveens 218 ,,
(0) 4'7: 451
Total.........100:0

Concerning every variely of matter there are three things which
the Chemist desires to ascertain :—

Fiirst :—The nature, or quality, of its constituents.
Second :(—The proportion, or quantily, of its constituents.

Third :—The mode of arrangement of its constituents.

Analytical Chemistry deals with the first and second under the
titles of Qualitative and Quantitative Analysis; while the third
involves considerations of a purely speculative character—theory.

- Table G. (opposite) gives a classification of the priucipal inorganic
salt-forming radicles.



Basic Radicles.

TABLE G.
CLASSIFICATION OF RADICLES.

Acid Radicles.

Combining . Combinin
Names. | Symbols. |“gr Fc Names. | Symbols. Wg,u;g
Simple. Simple.
Hydrogen (a) . H 1 |Chlorine ...... Ci 355
Potassium .. K 89 |Bromine .... Br 80
Sodium ........ Na 23 1Iodine ........ I 127
Lithium ...... Li 7 |Fluorine ...... F 19
Barium ........ Ba 137 |Oxygen ........ 0 16
Strontium Sr 875 {Sulphur... S 32
-Caleium ...... Ca 40 [Nitrogen . N 14
Magnesium .... M 2¢ |Boron ........ B 11
Aluminium ....| 4 27 |Phosphorus ...., P 31
Chromium .... Cr 52:5 |Carbon ovvv..... C 12
Iron .......... Fe 56 |Silicon ........ Si 28
;Innganesium . Mn 55
inG .u.veenn.. Zn 65 Compound (b
Cobalt ........ Co 59 g (1)
Nickel ........ Ni 59 |Cyanogen ...... (CN)=Cy; 2
Cadmium ...... Cd 112 |Ferrocyanogen..| (FeCys) 154
Copper ........ Cu 635 | Ferricyanogen ..| (Fe,Cyg) | 268
Silver.......... Ag 108 |Sulphocyanogen| (CNS) 58
Mercury ...... Hyg 200 |Nitrie radicle.| (NOj) 62
Lead ...v.....s Pb 207 Chloric " (CLOg) 855
Bismuth ...... Bi 210 |lodic " (10y) 175
1\ Sn 118 |Sulphurous ,, (SOy) 80
Antimony......, S§b 122 |Hyposulphurous| (Ss0s) 112
Arsenicum ... As 75 |Sulphuric ,, S0y 9
Gold .......... Au 196'5 |Silicie " 8i0y) 92
Platinum ...... It 197 |Fluosilicic ,, (Sulig) 142
Carbonic  ,, (COy) 60
Oxalic " Cy0y) 88
Compound (b) Boracic  ,, BOy) 59
Phosphoric ,, PO,) 95
Chromic ,, Cr0y) 1165
Ammonium ....| |(NH,) Arsenious ,, AsOy) 123
—=Am 18 |Arsenic , | (450,) 139

(a) The difference between Basic and Acid Radicles is rather one of degree than of kind.
(b) The idea of compound radicles, as it is now entertained, is quite independent of the

question whether they can be act:
modern chemical ln.nguﬁle. is simply a gr
less numerous series of alli

thess compounds are transformed one in

y prepared in the separate state or no

by the

A radicle, in
oup of elements, which is common to & more or

allied compounds, and remains

)4
to another.~Watt's Chem. Dict,

P

whereby

7



CHAPTER X.

CHEMICAL PHILOSOPHY—GENERAL
PRINCIPLES.

The crust of our Earth is composed of rocks and
minerals, which by natural decay produce the soils, on
which grow the plants that provide sustenance for animal
life.

A mineral is best defined as an inorganic substance
having a definite chemical composition and a distinct
geometric form.* Rocks and stones are composed of
aggregates of minerals. Minerals are definite chemical
compounds ; while rocks are usually mechanical mixtures
of mineral substances, though in a few instances a single
mineral substance forms the sole component of some
kinds of rock, such as pure limestone, quartz rock, &e.

As an example of a mineral, I may mention Calcite,
which is found crystallized in certain distinet geometric
shapes, and it also possesses the following definite
percentage composition :—

Caleium oxide 56 parts by weight.
Carbon di-oxide 44 " "

100
On the other hand, a specimen of rock will not possess
a particular geometric form, and its composition will be
represented by a variety of bodies, each of which is in
itself a separate mineral substance. Thus granite rock
contains the minerals quartz, felspar and mica, in varying

* When occurring in the free and unmixed condition.
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proportions—the mica may even be absent or replaced by
another mineral without destroying the granitoid nature
of the rock. "

Hence we see that Mineralogy — the science of
Minerals—may be regarded from the twofold aspect of
(@) chemical composition and (b) geometric form.

The former is entirely under the domain of Ckemistry,
but the latter belongs to the kindred branch of Science
known as Crystallography.

All solid substances are either crystalline or amorphous
—crystalline when occurring in regular geometric forms
(termed crystals), e.g. crystallized quartz (rock crystal),
salt, cale-spar, &c.; amorphous* when occurring without
regular, geometric form, e.g. massive quartz (quartz rock),
chalk, slate, &e.

Crystals are geometric solids bounded by plane
surfaces having definite geometric relations to each other,
for the complete study of which I must, at present, refer
you to some of the standard works on Crystallography.t

Though the number and variety of crystalline forms
are very considerable, yet by careful study of their
characteristic properties, all the known natural or arti-
ficial substances can be grouped under a comparatively
small number of classes, or systems.

The following simple figures represent open and closed
formns in each of the systems—prisms and pyramids—
symmetrically arranged around axes. The tetrahedron
and rhombohedron are hemihedral forms—aa’', b¥', cc',
&e., represent the axes.

* From a not, popeh) form.

t+ With the assistance of the models of crystalline forms which
you see before you on the Lecture Table, we shall study briefly the
principal crystallographic laws.
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The following seven groups of classes represent all
the possible crystalline systems in which organic or
inorganic crystalline substances can possibly occur :—

Crystalline Systems.
The Monometric (regular, or cubic) System.
The Dimetric (square, prismatic, or pyramidal)

System.

The Trimetric (right prismatie, or rhombic) System.
The Monoclinic (or oblique prismatic) System.
The Diclinic System (not known in nature).

The Triclinic (or doubly oblique) System.

The Hexagonal (or rhombohedral) System.

These several systems may be classified under three
distinet groups, as under :—

A. The Metric ; 1. Monometric—axes of one length.

S;f :su Paﬁh:;’“;:‘;’.g h?; 2. Dimetric—axes of two lengths.

o=

Nook®

angles. 3. Trimetric—axes of three lengths.
B. The Clinic / 4. Monoclinic—one acute angle

Group (having 3 between axes.

axes making one 5. Diclinic—two acute angles be-

or more acute tween axes.

angles). 6. Triclinie—three acute angles be-

tween axes.

C. The Tex- ( 7. Hexagonal—three axes equal and
agonal (having 4 in same plane and one perpen-
axes). % dicular to plane of those three.

‘When the same substance forms crystals of two different
Systems, it is said to be dimorphous,* e.g. carbon,
sulphur, calcium carbonate, &c. When two different
substances form ecrystals of the same kind, they are
said to be usomorphous (iros, isos, equal, and popdy),
morphé, shape, or form), e.g. Iceland spar and Pearl
spar, &c. Isomorphous substances can usually replace
each other in compounds without destroying the identity

* A substance occurring in three systems is {rimorphous.
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of the particular species—thus iron, chromium and
aluminum replace each other in the alums, which are
usually double sulphates of an alkali metal and one or
other of these three metals.* Isomorphic substances
have approximately the same specific volume.

Bodies which consist of the same ingredients,
associated in the same relative proportions—i.e. have
the same percentage composition—and which are yet
regarded as distinct from each other, in consequence of
differing essentially in properties, are termed isomerict
bodies. Acetylene, C,;H,, and Benzene, C;H,, are examples
of isomerides. Such bodies are divisible into polymeric
and metameric isomerides. Benzene is evidently a polymer
of acetylene, its formula being & multiple of that of
acetylene, for C;Hy;=3 (C, H,). Isomerides having the
same molecular weight, but whose component atoms are
differently arranged, are termed Metamerides, as for ex-
ample Urea, CH,N,0 and Ammonium cyanate, NH,CNO.

When an elementary body occurs in two or more
distinct forms possessing different properties, it is said
to be allotropic. Allotropy is unexplainable except on
the assumption that atoms of the same element are
capable of combination among themselves so as to
form different groups of atoms of the same element
(as for example Oxygen O, and Ozone O,) with different
properties.

The affinities of elementary substances are noted to be
greater at the moment of being set free from combination}
than afterwards. This is probably due to the recombi-
nation of individual atoms (afterwards) to form molecules

*The relative weights of the replaced and replacing substances
are always in the ratio of their chemical equivalents. This holds
good for all kinds of replacements of isomorphous bodies.

$ From ioos equal, and pépos a part.

t At this particular moment an element is said to be in the
nascent state (nascens, being born).



103

CRYSTALLINE MINERALS.

CHAP. X.]

‘ejronery
*(e20) zeddop Leap)
"Aquy eqreutdg

*opIX() oneusSe

‘x83peoyg -zeddop) earyeN

‘9)8UOQ I8 WNIPOY ‘PIOP 0AlBN

*9JTIOWT “WBIFIOM ‘o1sNepuUy ‘jouzep)

‘SUI[BUWLINO, .n.amm—o_m OmoﬁoomﬁO ‘9pus[quUIoOH .anoaaho *888I00PT ‘puowrsI(T

‘1Ax9g *IUIXY ‘eyi8ny 1edg Lavey oy ‘um[y

‘winpunxo)) | ‘eyeyding aeddoy | -uwoay jo eyeydmg ~mydmg *wooaZ *guesy

‘zyaend) ‘oY ‘wnsd£n QIS ‘oyi£ydody *I7es Yooy

‘oyyedy *e3LI0pPBAQe] *eurpuBy ‘zedog, ‘ouo}g ULy, “xedg Tong

-xedg oep *991q[V [aeds{eg eso[ooquQ *ayuofery | ‘seqyukg aeddop *BejuIk g woIy
‘reuoSexofy oruroLy, *OIUI[POUO *OLIJOWILLT, oujewi(y | *OLI}OWOUOY

‘swaysdg our[[8)s{1) jusIaPIp ur FULLINOO0 S[BISUITY IBI[IWIB] JO SOWIEBN



104 SCALE OF HARDNESS, &O. [cHAP. x.

Toassist in the identification of Minerals, mineralogists
employ the following ‘* Scale of Hardness” :—

1?:;‘;:: s‘:f Represented by
1 Tale.
2 Selenite (crystallised Gypsum).
3 Calc spar.
4 Fluor spar.
5 Apadtite.
6 Orthoclose (Felspars).
7 Quartz (Rock Crystal).
8 Topaz.
9 Sapphire (Corundum).
10 Diamond.

The French employ a similar scale with the numbers
in the inverse order.

In addition to erystalline form and hardness, the
accurate determination of the relative density (or physical
specific gravity) of a mineral provides another useful test
for its recognition. The following formula serves the
purpose of calculation :—

. . Weight of Substance
Relative Density = Weaght of equal Volume of Water

By general agreement the specific gravities of solids and
liquids are referred to water (taken as unity) as their
standard. Hydrometers are used for ascertaining the
specific gravities of liquids.

The modes of chemical change, though apparently of
great variety and complexity, may yet be reduced to siz
distinet groups of cases, thus :—



CHAP. X.] MODES OF CHEMICAL ACTION, 105

Casg I,—Changes by direct union,or simple combination: as,
for example, when powdered antimony com-
bines with chlorine; or when magnesium
ribbon burns in oxygen.

Mg + O = MgO.

Case II.—Changes by displacement, or substitution : illus-
trated by the displacement of hydrogen, from
sulphurie acid, by zine.

H, 80, 4+ Zn = Zn SO, + H,

This change is utilized in the preparation of Hydrogen.
Casg I1I.—Changes by reduction : as when an oxide is
reduced by hydrogen.

CuO + H, = Cu 4 H,0O.

Case IV.—Changes by re-arrangement (isomeric changes).
Such changes may be illustrated by the coagu-
lation of the white of an egg on boiling ; or
perhaps better still by the change which
ammonium cyanate undergoes in becoming
converted into urea.

NH,CNO (CH,)N,O
~——— by re-arrangement ~—

ammonium ;7o certed into urea.
cyanate

Case V,—Clhanges by simple decomposition, or resolution :
illustrated by the decomposition of water by
dissociation or by means of an electric current.

9H,0 = 211, + O,

CasE VI.—Changes by double decomposition : illustrated
by the exchange of radicles of two salts in
solution : as, for example, silver nitrate and
sodium chloride.

AgNO; 4 NaCl = AgCl 4 NaNO,
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Berthollet has given us two very convenient Rules for
predicting the double decomposition of salts, viz.:—

Rule 1.—If the acid radicle of the one salt with the
basic radicle of the other would form a more insoluble
compound than either of the given ones, then double
decomposition will ensue on mixing their solutions :—

MgSO, 4 BaCl, = BaSO, 4+ MgCl,

Table H now may be consulted with advantage to
ascertain the solubility or insolubility of salts in water,
which knowledge enables the chemist to predict cases of
double decomposition. The insolubility of barium sul-
phate accounts for the above reaction.

Rule 2.—Two bodies mixed (or heated) together will
decompose each other if it be possible by double decom-
position to produce a more velatile body than either of
the original bodies.

When ammonium sulphate and barium chloride are
heated together double decomposition ensues owing to
the volatility of the ammonium chloride.

(NH,),80, + BaCl, = BaSO, + 2NH,CL

Similarly, when hydrochloric acid is poured over chalk
immersed in water, we have a case of volatility in the
escape of carbonic acid gas.

CaCO, + 2HCI = CaCl, + H,0 + CO,
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CHAPTER XI.

HYDROGEN.

H = 1; Density = 1; Atomicity = 1.
Sp. gr. (air = 1) = 0-0691.

History.—In the sixteenth century Paracelsus observed
that a gas, which he took to be air, was evolved when
iron is dissolved in sulphuric acid. Hydrogen was first
recognized as an independent body in the year 1766. The
credit of its discovery is given to Cavendish by some, and
to Watt by others. Cavendish called it inflammalble air.

Occurrence,—This element acquires its name from its
occurring as one of the components of water (#8wp, water,
and yevvdo, I produce). Though seldom found free, or
uncombined, in nature, it occurs in the free state amongst
volcanic gases. It constitutes one-minth part by weight
of all the water on the globe; it exists in all vegetable
and animal substances ; it is also a constituent of nearly
all combustible materials, as coal, candles, oils, gas, &ec.,
and of all acids whatsoever.

Properties.— We shall now consider the chief charac-
teristic properties of hydrogen gas; they are—
1st. Its combustibility, or inflammability in air,

2ndly. Its levity, or lightness.

These properties may be demonstrated by the following
experiments:—I have here, standing on the shelf of the
pneumatic trough, some jars of hydrogen gas; and, in order
to exhibit its combustibility in air, I shall take one of these
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in my left hand, holding it still with its mouth down-
wards, and with the other hand pass an ignited taper up
into the jar; when this is done you will observe that the
gas burns (with a very pale and scarcely visible flame) only
at the surface, or where it is in contact with the air, and
that the taper becomes extinguished, but on withdrawing
it from the jar it is rekindled at the surface of contact of
the hydrogen and air. Now I shall perform a similar
experiment, using another jar with its mouth held up-
wards ; in this case you notice that the gas burns with a
slight explosion and with an ascending flame.

As illustrations of the extreme levity of hydrogen the
following experiments will suffice :—

I have here an air-tight bag to which is fitted a brass
pipe, similar to a tobacco pipe,
which is furnished with a stop-
cock (Fig. 7). This bag has
been filled with hydrogen gas
which was prepared previous to Tig. 7.
lecture—it was liberated from hydrogen sulphate by the
action of zinc in the mode to be described. I immerse
the brass pipe in this solution of soap (prepared by
rubbing & piece of soap in a small quantity of distilled
water till the mixture gets very frothy). I now open the
stop-cock, and by pressing the bag gently, blow soap-
bubbles with the hydrogen gas. These miniature balloons
ascend to the ceiling of the room after they are detached
from the pipe, thereby proving that they are lighter than
the air in which they float.

The second property may be illustrated in a more
striking manner by filling & small balloon of collodion or
of gold-beaters’ skin with hydrogen ; for this purpose the
hydrogen should be dried by passing it through a tube
packed with fragments of quicklime or hydrate of
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potassium, by either of which it is deprived of its
moisture, and is thus rendered specifically lighter. The
balloon may be filled either from a large transferring jar,
full of hydrogen, by pressing the jar down into the water
of the pneumatic trough, and thus forcing the gas
through the drying tube and into the balloon; or by
attaching it—interposing a drying tube—to the bottle for
generating hydrogen. When properly filled, the balloon
must be fastened round the neck with a fine silk string,
I shall now take this balloon (holding it by the neck),
and lay it on the table; it will not, however, remain
there, but, as you will presently see, rapidly ascend to
the ceiling of the lecture room ; there it goes !

Another experiment—and the last I shall now perform
—in illustration of this property consists in pouring
hydrogen upwards from one jar into another, thus: here
is & jar of hydrogen, and here another jar (a little
smaller) containing nothing but air; by raising the jar
of hydrogen out of the water and bringing its mouth
downwards, and gently sloping
it under the mouth of the jar
containing air, I can thus, as
it were, pour the hydrogen
up into the other jar--it being
a principle of hydrosta.tics
that a light fluid must rise Fig
through a heavier one—the hydrogen rises throu«h and
displaces the air from this jar in the same manner and
for the same reason as it rose through and displaced the
water in the jars standing on the shelf of the pneumatic
trough. The fact that the hydrogen has transferred
itgelf into the upper jar may easily be made manifest :
first, by immersing a lighted taper in the jar
that was originally occupied by air, when it will (as is
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now the case) be extinguished, and rekindled on withdraw -
ing it through the space where you see the hydrogen
burning in contact with
the air, thus proving
that there is hydrogen
in this jar; and
secondly, by immers-
ing the lighted taper in
the other jar,—the one
originally occupied by
hydrogen—you observe
that it burns away as it
did in the air previous
to immersing it, thus
proving that there is
no hydrogen in this
jar.

An atmosphere of
hydrogen owing to its levity conducts sound so feebly
as to be almost inaudible ; the truth of this statement is
easily proved by ringing a bell in a large jar (Fig. 9) filled
with the gas, and comparing the sounds thus produced
with those produced by the same means in the air only.

Methods of Preparation—Hydrogen is always ob-
tained either by the decomposition of water or of some
acid.

The simplest, but at the same time the most expensive,
mode of preparing hydrogen consists in decomposing
water by the aid of the alkali metal potassium. When
a little bit™ of potassium is thrown into water, the water

* Care must be taken not to use too large a piece of potassium ;
8 piece about the size of a small pea may be used with safety; if
this precaution be neglected, a dangerous explosion may be the
consequence. Sodium will answer equally well ; and it has the
advantage of cheapness.
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immediately begins to decompose by exchanging its
hydrogen, atom by atom, for an equivalent portion of
potassium, and at the same time liberating the displaced
hydrogen. The action of potassium on water is repre-
sented by a chemical equation as follows :—
2H,0 + K'; = 2KHO + H,............ 1]

that is, two molecules of water and one molecule of
potassium yield two molecules of potassium hydrate
(KHO) and one molecule of hydrogen—or, in other
words, when water is decomposed by potassium, or
sodium, half of its hydrogen is set free. Potassium, being
lighter than water, will float* when thrown into that
liquid ; and the hydrogen, being liberated in contact with
the oxygen of the surrounding air, will be set on fire /by
the heat evolved by the combination of the potas-ium
with the oxygen of the water; the heat evqus- *18 80
great as to volatilize a portion of the potassg - Which
imparts a violet colour to the flame. 4

Two atoms of potassium replace 2 atoms of hydrogen ;
hence 1 atom of potassium is equivalent to 1 &tom of
hydrogen, and this fact is indicated by writing the
symbol for potassium thus: K'

By wrapping the piece of potassium in blotting-paper,
or in a wire-gauze spoon, and immersing it in a pRéumatic
trough just beneath the mouth of a cylindric PT full of
water, the hydrogen gas may be collected and its pro-
perties examined. ‘

If the eylindric glass jar be filled with _i“fUSiml of
purple cabbage instead of plain water, the &ct of tl3e
potassium being converted into potassic hyd»~te (caustic
potash), by its combination with the ox’gen of the

* An amalgam of potassium or of sodium Y be used for
greater convenience.
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water, becomes evident by the change of the original
purple-blue colour to green.*

Potassium and sodium break up water at ordinary tem-
peratures, while other metals, such as iron, require agood
red heat before they will decompose it. A bar of white-hot
iron immersed under & jar filled with water has been long
known to liberate hydrogen from the water--but the
quantity thus obtainable, being small, renders this method
unpracticable where hydrogen is required for experimental
purposes.

Another method for obtaining free hydrogen by the de-
composition of water is occasionally employed. It con-
sists in passing steam over chips of iron which are brought
to a red heat in a gun-barrel or similar wrought-iron tube
(see Fig 10).

[1n
h ":)3 \l‘{

"
il

ST s
I.

Fig. 10.
As the water-gas passes over the red-hot motal, it parts
with its oxygen, which, combining with the iron, formns an
oxide of iron,t while its hydrogen passes on, and may be

* Such a change of colour is characteristic of the alkali potassic
hydrate, seo p. 91. . .

t The oxide produced in this case is called the black oxide of iron,
also the maguoetic oxide of iron. The reaction which takes place is
represented by the equation—

4 HyO 4 Fez = Fey O,+4 H,. )

Charcoal may be substituted for the iron chips, when the equat on
becomes HyO + C = CO + Hj. 8
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collected in jars over the pneumatic trough. The pro-
perty of decomposing water which is possessed by red-ho§
iron may be proved in & more simple manner (than by
using the complicated apparatus represented in Fig. 10),
by plunging a bar of red-hot iron into the pneumatic
trough directly under the mouth of a gas jar filled with
water, when it will be seen that bubbles ascend and dis-
place some of the water in the jar. These bubbles are
composed of hydrogen mixed with air.

The method
most  generally
employed for pre-
paring hydrogen
may be described
as follows :—Into
a Wolfe’s or two-
necked  bottle*
(see Fig. 11) some
granulated zinct
isintroduced. The
necks of the
bottle must now
beclosed by corks,
one of which
carries & bent Fig. 11.
delivery tube, and the other is traversed by a thistle
funnel reaching to within about half an irich of the bottom
of the bottle. As much distilled water as will cover the
zinc and the lower end of the long funnel must then be
poured into the bottle through the funnel. The next
thing is to ascertain whether the joints closed by the

* A wide-mouth bottle, fitted with & large cork in which two holes
are bored, will answer quite as well,

t The zinc may be granulated by melting it in an iron ladle, and
then pouring it into water.
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corks be air-tight or not. This may be proved by blow-
ing through the funnel, when, if a leak exists, you will
bear a hissing sound caused by the escape of the air
within ; or by placing your warm hands on the sides of
. the bottle, which causes the enclosed air to expand,
thereby increasing the pressure on the surface of the
water ; consequently a column of water will rise in the
funnel-tube ; if on removing your hands the column of
water be observed to fall gradually to its original level,
you may be satisfied that the corks are staunch; if the
corks be found leaky, they must be staunched either by
painting with sealing-wax varnish, or by covering them
with a plaster of linseed meal (or with plaster of Paris),
before proceeding further with the experiment. Such
precautions must be attended to in the preparation ofall
gases.

Having proved that our apparatus is air-tight the ex-
periment may be proceeded with by pouring a few drops
of hydrogen sulphate* into the bottle through the funnel,
and then gently shaking the bottle, when brisk efferves-
cence commences, produced by the escape of the hydrogen
ga3 through the liquid. H, SO, + Zn=2n 80, 4 H,. By
occasionally adding a few drops of hydrogen sulphate
(sulphuric acid) a continual stream of bubbles of gas is kept
up. Care must be taken not to add too much acid at a
time, otherwise the action may become soviolent asto cause
the contents of the bottle to froth over. Should the action
at any time appear unduly brisk, it is better to add a little
more water, which will dilute the acid solution and there-
by quiet the action, as well as prevent the zinc sulphate
from forming an insoluble film on the surface of the zinc

* The hydrogen sulphate may be replaced by hydrogen chloride,
in which case no water is necessary, and the reaction is represented

thus :—2HCl4 Zn=2Zn Cl3+Hy. The zinc may be replaced by
iron, when the formula becomes 2 HCl+Fe=Fe Cl,+ H,.
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(zinc sulphate being insoluble in the concentrated acid),
thus protecting it from the further action of the hydrogen
sulphate. TFilling as many jars with the gas which comes
over at first as are about equal to twice the capacity of
the generating bottle, we reject this quantity in conse-
quence of its being mixed with air,* and then collect three
or four jars of pure hydrogen. The jars should not be
filled completely, as in consequence of the levity of the
hydrogen gas they might turn over with the slightest gust
of wind ; it is sufficient to fill them so that the level of
the water inside the jar shall be the same as that in the
trough.

When gaseous hydrochloric acid is heated in presence
of the metal sodium, the latter combines with the
chlorine, liberating hydrogen, thus :—

2HC! + Na, = 2NaCl + H,

When a solution of potassium hydrate (caustic potash)
is heated in contact with metallic zine or iron, hydrogen
is evolved.

2KHO + Zn=K,Zn0O, + H,

Hydrogen is also evolved from almost all aqueous solu-
tions of ammoniat when brought into contact with zinc
(best at a temperature of about 40° C.). From a mixture
of iron, zine, and a solution of sal ammoniac hydrogen is
freely evolved.

Quantitative Calculations.—It can be proved experi-
mentally (by performing the necessary weighings, &e.) that
2 parts by weight of hydrogen are liberated when 65 parts
by weight of zinc are dissolved in hydrogen sulphate, and

* A mixture of hydrogen and air produces a dangerous explosion
when brought into contact with a lighted taper.
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that if the sulphate of zinc which remains in the bottle
in solutior be separated from the water and dried, it will
be found to yield 161 parts by weight. Whatever excess
of acid may have been used remains in the bottle mixed
with the water. These experimental facts are repre-
sented in a concise and intelligible form by the following
equation :—
Zn + H;SO, = Zn SO, + Hyeevvevvnvvnennnn. [2]
Now, according to our Table of atomic weights,
Zn=65, H=1, =32, and O=16.
~Hy 80, = (1 x 2) + (32 x 1) 4 (16 x 4) =98,
and Zn SO, =(65 x 1) 4 (32 x 1) 4 (16 x 4)=161.
Hence equation [2] may be written thus:—
Zinc , Hydrogen Sulphate __ Zine Sulphate Hydrogen
o+ = +

(65 parts) (98 parts) (161 parts) (2 parts)
So the equation states (in a concise manner) that 65 parts
by weight of zinc and 98 parts by weight of hydrogen
sulphate yield 161 parts by weight of zinc sulphate and 2
parts by weight of hydrogen.

Two atoms of hydrogen are replaced by 1 atom of zinc;
hence 1 atom of zine is equivalent to 2 atoms of hydrogen.
Zinc is therefore a dyad element.

If the atomic proportions be taken in grams, then the
equation further asserts that every 65 grams of zinc
displace 2 grams of hydrogen from every 98 gramns of
hydrogen sulphate brought in contact with it under the
circumstances I have described to you. It will thus be
an easy task to calculate the quantities of zino and
hydrogen sulphate required to produce a given quantity
of hydrogen. For example—

Let it be required to calculate how much zinc and
hydrogen sulphate are required to produce 25 grams of
hydrogen,
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Asg 65 grams of zinc are required for 2 grams of hydrogen,

_6_5_ ” ” ” 1 gram ”

2 -

65

g X2 " » 95 grams "
65

Ans. Quantity of zinc= X25 8125 grams.

Or by simple proportion thus —

Hydrogen Hydrogen Zinc Zino

e —~————— —— et

(2 grams) : (25 grams) :: (65 grams) : (r grams)
ST = 65 x 25 _ g195 grams of zine.

2
The quantity of hydrogen sulphate is determined as
follows :—

As98gramsofhydrogensulphate yield 2 grams of hydrogen,

% " ” " 1 gram ”
2
?22} % 95 " ” 25 grams  ,,

Ans.Quantity of hydrogen sulphate = %g X 25=1225grams.

Or by simple proportion thus :—
Hydrogen Hydrogen Hydr Sulph Hydr.Sulph.
~———— ey

(2grams) : (25grams) :: (98 grams) (= grYams)
R/ =?-28~x 25 = 1225 grams.

THE HALOGENS.
Chlorine—Bromine, Iodine and (Fluorine).

Of the other monad elements chlorine, bromine, iodine,
and fluorine are next in importance. The compounds
which these elements form with the metals sodium,
potassium, and magnesium, so closely resemble common
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sea-salt (sodium, chloride) that Berzelius gave the title of
halogen* to the group.

These elements possess the common property of
combining with hydrogen in the proportion of atom to
atom, producing by their combination, in each case, a
strongly acid body which is gaseous and soluble in
water.

HCl = hydrochloric acid.
HBr = hydrobromic acid.
HI = hydriodic acid.

HF = hydrofluorie acid.

These are the halogen acids ; they are also frequently
termed hydracids, in contradistinction to the so-called
oxyacids, or acids containing oxygen, like nitric (HNO,)
and sulphuric (H,S0,) acids.

Fluorine has resisted most attempts at isolation up to
the present time.t The other three members of the
group are well known, and present marked gradational
differences in properties. Chlorine is & gas while bromine
is liquid and iodine solid at ordinary temperatures and
pressures. The atomic weight and vapour-density of
bromine are intermediate (just the mean) between those
of chlorine and iodine.

Cl = 355
Br = 80 808 = mean.
I =127 }

Bromine is, again, intermediate in chemical activity ;
for chlorine expels bromine from bromides, while bromine
in turn expels iodine from iodides.

Methods of Preparation.—The common source of these
three elements is sea-water. Chlorine is obtained from
common salt (NaCl), bromine from the magnesium

* From GAs sea-salt, yevvdw produce.

t Its hydrogen compound is, however, well known, and is used in
the arts for etching on glass, being obtained from Fluor-Spar by
the action of sulphuric acid. [HgSO4+ CaF3=CaS0,+2HF.]
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bromide (Mg Br,) present in sea-water, and iodine from
kelp, the ashes of certain seaweeds (containing Nal)
growing on the coasts of Scotland, Ireland and France.

Preparatory to the preparation of chlorine, hydrochloric
acid (HCl) is first obtained, by the action of sulphuric
acid on common salt

2NaCl 4 H,80, = Na,S0, 4+ 2HCL

Sodium di-sulphate (called salt cake) is also produced.

Then some of the chlorine of the hydrochloric acid is
liberated by the action of manganesium dioxide—a
substance which we use in the preparation of oxygen—
while chloride of manganese and water are formed.

MnO, 4 4HCl = MnCl; 4 C}, 4+ 2H,0

A more convenient method of preparing chlorine for
experimental purposes in a laboratory consists in mixing
the materials used for preparing hydrochloric acid with a
sufficiency of the manganese (MnO,) in a large glass flask
and applying a gentle heat.
MnO, + 2NaCl 4 2H,80,= Cl,+-Na,80,+MnSO,+2H,0

The gas should be collected over hot water or by dis-
placement of air ; it cannot be collected over mercury, as
it enters into rapid combination with that metal.

V= N
o il

AT

Fig 12.
Collecting chlorine over hot water.
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By this process the hydrochloric acid from which the
chlorine is liberated is evolved in the same vessel in which
it is, at the same time, acted on by the manganese. It is
usual to employ a larger proportion of sulphuric acid than
represented in last equation, so that acid sodium sul-
phate may be left in the glass flask, which can then be
easily washed out.

MnO;+ 2NaCl 4+ 3H;3S0,=Cl;+ 2NaHSO,+ MnSO, 4 2H,0.

The mixture most generally used consists of one part
manganese, 1 part salt, and 2 parts strong acid previously
mixed with twice its volume of water and cooled.

Exactly similar reactions occur in the preparation of
bromine and iodine from bromides and iodides
respectively*—

MnOz+ 2NaBr+8H,SO = Bry+ 2NaHSO,+ MnSO,+ 2H,0.
MnO,+2Nal +8H,SO.=I; +2NallSO,+MnSO,+ 2H,0.

Chlorine ig a yellowish-green gas with a suffocating
odour which, when diluted largely with air, somewhat
resembles that of seaweed ; it should not be inhaled, as
it produces severe irritation of the bronchial passages, and
even death. The dry gas is condensed into an cily-
looking liquid when cooled under a pressure of five or six
atmospheres. Chlorine has a greau affinity for hydrogen,
and equul volumes are exploded (producing fumes of
hydrochloric acid) on exposure to heat, or even to sun-
light or to the light of a magnesium taper. The bleaching
action of chlorine, which renders it so valuable in the arts
of bleaching cotton, linen and paper goods, is mainly due
to its power of combining with hydrogen and the conse-
quent liberation of oxygen, which in the nascent state
readily combines with colouring matters, and thus
bleaches them, Water dissolves twice its volume of

* These processes are now in full operation on tho Lecture Table,

and you' can recognise the presence of Iodine and Bromine from
their colours—violet and red, respectively.
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chlorine, and chlorine water is frequently used for bleach-
ing as well as for disinfecting purposes. This solution
cannot be long kept, for on exposure to sunlight (even to
diffused daylight) the chlorine displaces oxygen and com-
bines with hydrogen, thus producing (in solution)
hydrochloric acid and dissolved oxygen.

2H,0 4 2Cl, = 4HCl + O,.

It is this liberated oxygen which is the real bleaching
agent.

Chlorine is therefore indirectly an oxydising agent
owing to the power it has of robbing certain oxidised
bodies of their hydrogen.

For storing chlorine for use in the art of bleaching, it
is usual to conduct the gas into slaked lime with which it
partly combines to form the well-known bleaching powder
(popularly, though wrongly, called chloride of lime); its
composition is represented by the formula CaCl, 4 Ca
(ClO), ; and it readily gives off chlorine gas when treated
with a dilute acid.

Chlorine forms but one compound with hydrogen,
namely, hydrochloric acid gas (HCI), the solution of
which in water is sometimes called muriatic acid, on
account of its being prepared from sea salt (muria).

A candle burns in chlorine gas, the hydrogen of the fat
combining with the chlorine to form hydric chloride,
while carbon is set free as a black smoke. Turpentine
and other hydrocarbons also readily burn in chlorine by
a similar action.

Chlorine combines readily with most of the metals ;
powdered antimony and gold leaf take fire spontaneously
in dry chlorine gas.

Names and Formule of Familiar Chlorides.
Hydrogen Chloride = HCI (Muriatic acid),
Argentic Chloride = AgCl (Horn Silver)
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Sodium Chloride

NaCl (Salt)
Potassium Chloride

KCl

Plumbic Chloride = PbCl,

Mercurous Chloride = Hg,Cl, (Calomel)
Mercuric Chloride = HgCl(Corrosive Sublimate)
Zinc Chloride = ZnCl, :
Cuprous Chloride = CuCly

Cupric Chloride = CuCl,

Stannous Chloride = 8nCl, (Dyer's Salt)
Stannic Chloride = 8nCl,

Ferrous Chloride = FCl,

*Ferric Chloride = Fe,Cl,

Aluminie Chloride = ALCI,

Chromic Chloride = Cr,Cl,
Antimonous Chloride = ShCl,

Antimonic Chloride = SbCl;

Aurous Chloride = AuCl

Aurie Chloride = AuC],

Ammonium Chloride = NH,/l

Platinous Chloride = PtCl,

Platinic Chloride = PtCl,

Insoluble Chlorides.—With thres exceptions, the
chlorides of all the metals are soluble in water; the ex-
ceptions are silver (AgCl), mercurous (Hg,Cl,), and lead
(PbCl,) chlorides ; these are therefore at once distin-
guished from all other chlorides by their insolubility in
water, and they are distinguished from each other by
their behaviour with ammonium hydrate (NH,HO) which
reagent dissolves the first, blackens the second, and leaves
the third unchanged.

Halogens with Hydrogen and Oxygen :—

In the following table we have a list of the known acids
formed by the Halogens by combining with Hydrogen
and Oxygen :—

* The apparent tri-atomicity of iron in ferric compounds is ox-

plained by the combination of one pair of the tetrad bonds of the
double iron atom. —Fe——Fe™=
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() an  dm (v) ™)
Hr

[cHAP. XI

HCl HCI0O HCIO, HCIO, HCIO,
HBr HBrO _— HBrO, HBrO,
HI _ —_ HIO,  HIO,

(The blanks indicate compounds not yet prepared.)
Taking the chlorine compounds alone as representing a
complete series, we may learn to distinguish the following
series of compounds as oxides or oxy-acids of chlorine in
which the chlorine atom appears to change its valency
from one to scven.

Oxides (with water forming) Ozy-acids.

Hypochlorous Hypochlorous
anhydride }C]’O acid } HCIO
Chlorous Chlorous
a.nhydz‘ide}C]“Oa acid } HCIO,
Chlorine } alo. No corresponding } HCIO,
peroxide 2 single acid formed ) +HCIO,

No correspon-} —_ Chlorie acid }HCIO,

ding oxides Perchloric acid 11C10,

The oxides Cl,0; and Cl,0,, corresponding to chloric
and perchloric acids have not yet been separately pre-
pared, while CIO, (or CLO,), the peroxide, resembles
nitrogen peroxide, forming with water mixed acids
(HC10,+HCIO,) and with bases a mixture of chlorates
and chlorites.

Chlorine peroxide, which is a dangerously explosive
substance, is evolved as aheavy, dark yellowish-red, gas,
smelling like & mixture of burnt sugar and chlorine, when
potassium chlorate is treated with concentrated sulphuric
acid.* The gas often explodes on exposure to light,
being resolved into elementary chlorine and oxygen. The

* This experimont is best avoided, unless the student has learnt
how to manipulate from a competent teacher. The same remark
applies to the other oxides of chlorine,
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sulphuric acid at first liberates chloric acid from the

chlorate, which, owing to its instability, is further resolved

into the peroxide, perchloric acid and water, thus :—
3HCIO, = 2Cl0, 4+ HCIO, + H,0.

Chlorous anhydride Cl,04, is & yellow-green gas with a
very pungent smell, even more irritating to the respira-
tory organs than chlorine ; it is dangerous to breathe it.
It may be prepared on a small scale by bringing about
the slow dioxidation of chloric acid ; nitrogen trioxide
serves this purpose :(—

2HCIO; + N,O, = CL0, + 2HNO,.

A mixture of potassium chlorate with arsenious
anhydride and nitric acid in suitable proportions also
serves to obtain a supply of this gas. The nitric acid
liberates IIClO,, which is then reduced by the arsenious
oxide.*

Hypochlorous anhydride, CL,0, is a yellow-coloured gas
having a smell resembling that of chlorine ; it is also a
dangerous gas to prepare owing to its tendency to explode
violently. It may be prepared by passing dry chlorine
gas over dried precipitated oxide of mercury (kept cool),
the reaction being

2HgO + 2Cl, = HgO,HgCl, + CLO,
white mercuric oxychloride being the only other product.

Hydrochloric Acid.—This gaseous body, already
mentioned as forming the only compound of chlorine
and hydrogen, is readily evolved when sulphuric acid is
made to act on, almost, any chloride—fused common
salt (NaCl) being generally employed, in the following
proportions when glass apparatus is used in its
preparation :—

NaCl 4+ H,80, = NaHSO, + HCL
The acid sodium sulphate NaHSO, thus formed is

*2110].03 + AS-]Os = C]zOs + ASgO; + Hgo.
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more easily washed out of & glass flask or retort than
the normal sulphate, or salt cake (Na,SO,). An
‘apparatus similar to that used in the preparation of
chlorine answers the purpose. On the commercial
scale large iron cylinders are employed, and the gas is
condensed in brick flues packed with moistened coke.

Hydrochloric acid is a transparent gas which fumes
readily in moist air. It possesses an intensely acid
taste ; it irritates the eyes and membranes of the nose
and throat. It has a peculiar pungent odour. It is
extremely soluble in water. When a jar of the gas is
opened under water, the latter rushes in with great
violence, filling the jar. Water at 15° C. absorbs more
than 450 times its own bulk of the gas. Hydrogen
chloride, whether free or in solution, is decomposed by
an alkali metal with evolution of hydrogen gas—
occupying half the original volume of HCl. Hence two
volumes of hydric chloride contain one volume of hydrogen
—the other volume being chlorine.

The gas extinguishes & lighted taper, nor does it
take fire itself.

A solution of hydrochloric acid gas is decomposed by
electrolysis, giving equal volumes of hydrogen and
chlorine. Its composition may also be ascertained by
synthesis by exploding equal volumes of hydrogen and
chlorine in a suitable tube.

The aqueous solution is & very useful reagent, and is
largely employed in Chemical Laboratories for dissolving
metals, &e.

Bromine, Iodine and Fluorine being comparatively rare elements,
it is not thought advisable to introduce into the present elementary
course & separate description of each element and its compounds.
Bromides and Iodides are used only in medicine and photography.



CHAPTER XII,

OXYGEN.
0" =16 ; Density = 186.

History.—Oxygen was discovered in the year 1774* by
the English chemist Pricstley, and in 1775 by the Swedish
chemist Scheele, who it is said was unaware of its previous
discovery in England. Priestley, supposing it to be air
deprived of the imaginary substance named ¢ phlogiston’
by Stahl, called it ¢ dephlogisticated air.” Scheele called
it “vital air,’ from its property of supporting animal life.
Lavoisier gave it its present name oxygen from ¢&¢is
(ozus) acid, and yevvdw (gennao) I produce —believing it to
be a necessary constituent of all acids.1

Occurrence.—This is the most widely-distributed
substance in Nature ; it occurs to the extent of more
than one-third of all the rock-materials composing the
earth’s crust, and (as I shall presently prove) constitutes
eight-ninths of the weight of the water, and one-fifth of
the bulk of the atmosphere, which surround the world
on which welive. Fully one-half of the matter of living
plants and animals is also composed of oxygen.

Properties.—Here is a jar of oxygen. You perceive it
has no colour—it is as invisible as air. Take the jar in
your hands, examine the gas with your nose, and satisfy

*The birth of Chemistry may be said to date from the discovery
of oxygen—i.e. from 1st August, 1774.

+ Although most acids contain oxygen, yet we now know of many
in which oxygen does not exist at all—the halogen acids for example.
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yourselves that it has no smell. We can dissolve some
of it in water : 100 cubic inches of water at 0°C, are
capable of dissolving 4 cubic inches of this gas. Here is
some water containing oxygen in solution ; drink a little
of it, and notice that it has no taste. It is of great
importance to fish and other breathing inhabitants of
seas, rivers, &ec., that their waters are capable of dissol-
ving oxygen—such animals being dependent on the
dissolved oxygen for their * vital air.' Fishes die if put
into water from which the dissolved oxygen has been
removed. You must remember that the oxygen which
water contains in solution is not any portion of the
oxygen of which water is partly composed ; the dissolved
oxygen can be removed from it, without in the least
interfering with its constituent oxygen ; the dissolved
oxygen, being merely mechanically mixed with the water,
is removed by hoiling.

With the apparent exception of fluorine,* oxygen is
capable of combining with every one of the elements. Its
combination with many of the elements is attended with
the phenomena of combustion : for example :—

If I insert this piece of red-hot charcoal (i.e. carbon)
into a jar of oxygen, it will burst into a brilliant glow. I
now withdraw the piece of charcoal, and almost quench-
ing it I again plunge it into the oxygen : you observe
that it is rekindled. I may repeat this a great number
of times, in fact until all the oxygen has combined with
the carbon of the charcoal, and thus formed the compound
called carbonic anhydride, CO,. Instead of a piece of
charcoal I may use a chip of wood, which having first

* The conditions necessary to effect the combination of oxygen
and fluorine may yet be discovered ; hence we cannot say absolutely
that oxygen will not unite with fluorine.
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lighted I blow out, leaving it glowing red. As I plunge
this chip* into another jar of oxygen, you notice that it
bursts quickly into flame and burns brilliantly.  For the
chip of wood I may substitute a candle or taper with
similar results.

Into this curious-looking spoon (Fig. 13), which we call
a deflagrating spoon (from the Latin deflagro, I burn), I
put a small piece of sulphur (or brimstone), and ignite is
in the lamp; you observe it burns slowly and with but
little light. Now I plunge the burning sulphur into a
large jar or bottle full of oxygen (Fig. 14): there, you
see, it bursts into a fuller state of combustion with a rich

Fig. 18. Fig. 14.

violet-blue flame, The product of the combustion of
sulphur in oxygen is (an acid oxide of sulphar) called
sulphurous anhydride, SO,.

Now let us try a similar experiment with phosphorus.
Taking a small piece about the size of a pea, I first dry it
between two folds of blotting-paper, and then, igniting it

* Chips of cedar-wood are best-suited for this experiment.

9
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by touching it with a hot wire, I introduce it into a fresh
jar or globe filled with —

oxygen (Fig. 15) and you
observe the effect : the
phosphorus and  oxygen
rapidly combine, producing
a brilliant light and consider-
able heat. When this ex-
periment is performed in a
dark room, the light becomes
go intense that you can
scarcely look at it. The
product of the combustion in this case is a snow-like
solid, called phosphoric anhydride, P,0;.

A more beautiful experiment than any of the preceding
ones may be made by burning iron wire in oxygen. A
piece of watch-spring or a coil of iron or steel wire, such
a8 harpsichord wire, is generally used for this purpose.
Having formed the wire into a spiral by coiling it on a thick
glass rod, I dip one end of the coil into
melted sulphur, and fasten the other
end into & cork, which fits a large glass
deflagrating jar containing oxygen, and
standing in a good-sized tray of water.
Having lighted the sulphur on the tip
of the wire, I remove the glass stopper
from the jar, and insert the coil of wire,
lowering it till I can close the mouth of
the jar with the cork, which is attached to the spiral
(Fig. 16).

The burning sulphur produces heat sufficient to start
the combustion of the oxygen with the wire; once begun,
however, sufficient—and much more than sufficient—heat
to continue the act of combination is evolved, during the
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union of the iron with the oxygen. The oxidation of the
iron proceeds with rapid combustion, yielding a light of
dazzling splendour. That the oxygen is really absorbed
by the iron is evidenced by the water rising in the jar to
replace it. That great heat is evolved by the combina-
tion of the iron and oxygen is manifested by the fact that
the oxide of iron, which is formed, drops down in a
molten state, and falling on the stoneware tray, burns
into its bottom : to prevent injury to the tray from this
cause it is usual to have a layer of sand on the bottom of
the tray. The product of the combustion in this case is
the black (or magnetic) oxide of iron, the formula of which
is Fe,O,.

From these experiments we learn that a very remark-
able property of oxygen is its capability of supporting and
tncreasing combustion.

From the same experiments we also learn that the
phenomena of combustion, in oxygen at least, are due to
the act of combination, by which heat is always and light
very often developed. The phenomena of combustion in
oxygen and in air are essentially the same in nature,
differing only in degree. When charcoal, wood, sulphur
and phosphorus, &c., are burned in air, the products
formed are exactly the same as when these substances are
burned in oxygen; but the rapidity with which combus-
tion takes place in pure oxygen causes more intense heat
and light to be evolved than is the case when combustion
takes place in air only. Though the intensity of the heat
may differ, still the same substance always evolves the
same quantity of heat, whether burned in air or pure
oxygen: thus, the quantity of heat developed by the
combustion of 12 grams of charcoal in air is exactly equal
to the quantity of heat evolved by the combustion of 12
grams of charcoal in pure oxygen. The evolution of a
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definite quantity of heat by the burning of the 12 grams
of carbon in oxygen is, as it were, compressed into a
shorter period of time than the evolution of the same
quantity by the slower process of burning 12 grams of
carbon in atmospheric air: hence the former is more
intense than the latter ; in each case, however, the same
compound (CO,) and the same weight of it is formed ; and
the amount of heat produced in either case would melt
exactly the same quantity of ice.

Oxygen possesses the important property of supporting
the respiration of animals ; it is by virtue of its presence
in a free state in the air we breathe that our life is main-
tained ; the pure gas, however, has too stimulating an
effect on our system; and hence it is, wisely, diluted for
us in the atmosphere by an admixture of a large share of
nitrogen. That the oxygen of the atmosphere is necessary
for life is easily proved by introducing & small animal,
such as a rat or mouse, into & jar of air deprived of its
oxygen. If this be done, the animal will die in & few
moments. I shall have more to say on the subject of
respiration when we come to consider the chemistry of
the atmosphere.

Oxygen is heavier than air, in the proportion of
11056 : 1. One liter weighs 16 criths, at the normal
temperature and pressure.

So recently as December, 1877, MM. Pictet and
Chailletet succeeded by the combined application of in-
tense cold and great pressure in condensing oxygen and
nitrogen into the liquid condition.

Methods of Preparation.—Oxygen is usually prepared
from some metallic oxide or salt containing it, merely by
the application of heat,—the most useful agent the chemist
can employ.
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It was first prepared by Dr. Priestley from the red
oxide of mercury, HgO. To obtain oxygen by this
method, I take about 1 gram of this red powder (i.e.
mercuric oxide), and introducing it into a Zard glass tube
to which is fitted a cork carrying a bent glass delivery
tube, I apply the flame of & lamp to its bottom ; when a
certain temperature is reached, the red powder splits up
into its two components, mercury and oxygen ; the
mercury sublimes into the upper part of the tube, and the
oxygen, being a gas, passes off by the eduction tube.

The decomposition of the mercuric oxide by heat is re-
presented in the form of an equation, thus—

HgO = Hg + O*evrvvnviiiiinenn, Y]
which simply states that 216 parts by weight of the red
oxide of mercury yield 200 of metallic mercury and 16 of
oxygen gas. Mercuric oxide being an expensive material
other methods are now employed.

A more suitable material—and the one from which
oxygen is generally prepared—is the salt called potassium
chlorate, a molecule of which is represented by the
formula KClO;.

To obtain oxygen
from this salt we
may use the appara-
tus represented in
Fig. 17, into which is
introduced some
chlorate of potassium
which has been pre-
viously dried and
crushed in a mortar.
When heat is applied Fig. 17.

* Molecularly expressed this equation becomes 2 HgO=2Hg+ Oy,
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to the flask the chlorate first melts into a clear liquid,
and after a little time oxygen gas beging to bubble
through it : by continuing the heat sufficiently, the entire
of the oxygen of the potassium chlorate may be liberated
from its combination with the potassium and chlorine,
leaving only potassium chloride, KCl, in the flask.

The decomposition which the potassium chlorate
undergoes, by the application of sufficient heat, is repre-
sented by the equation—

KCIO; = KCl+ O5.cevevveeeninnnees 2]

The temperature required to liberate the entire of the
oxygen by this process becomes so high towards the end
as to endanger the bottom of the flask. This incon-
venience, however, is quite removed by mixing with
the chlorate about one-fourth its weight of the peroxide
of manganesium MnO, (commonly called manganese) or
of the black oxide of copper CuO or of ferric oxide Fe,0,
(iron rust) ; the manganese, being the cheapest, is usually
employed.

When the potassium chlorate is mixed with one-fourth
its weight of manganic peroxide (MnO,) the oxygen is
given off at a much lower temperature than that required
for its liberation from the chlorate alone ;* the oxygen,
however, is not so pure, it being generally accompanied
by traces of chlorine gas. This is, however, got rid of by
passing the oxygen gas through cold water contained in &
wash bottle before collecting it in the bag.

A copper retort is usually employed for preparing
oxygen when required in large quantities. The accom-
panying sketch, Fig. 18, represents the necessary
apparatus.

* The mode of action of the Manganese oxide is not well under-
stood ; it goes by the name of Catalysis.
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APPARATUS FOR PREPARING AND COLLECTING OXYGEN.

Ozone (from 6fw, I smell) is a molecular modification
of ogygen gas, possessing & peculiar smell. It is thought
to be oxygen in an altered state, and is consequently fre-
quently called allotropic* oxygen—i.e. another form of
oxygen. Ozone is formed when a series of electric sparks
are passed through ordinary oxygen or air, which, at the
same time, undergoes a condensation of volume,—3
volumes of ordinary oxygen condensing into 2 volumes of
ozone. This allotropic oxygen is characterized by great
chemical activity, which is manifested by its decomposing
potassium iodide, by its corroding cork, india-rubber and
other organic substances, by its bleaching indigo and

* From dAMos (allos) another, and Tpdmos (tropos) form.
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paper stained with sulphide of lead,* and by a variety
of other oxidating actions.

The peculiar smell usually perceived during the working
of an Electric Machine is thought to be due to the forma-
tion of ozone, for when ozone-paper (i.e.starch paper
dipped in a solution of potassium iodide) is held in front
of a point attached to the conductor of the machine, the
paper turns blue, in consequence of the formation of the
well-known blue compound iodide of starch.t

The study of the properties of ozone is chiefly interest-
ing in consequence of a belief that it exists in the atmo-
sphere, and that it there performs the important duty of
oxidizing the decaying organic matter arising from
animal and vegetable exhalations.

Quantitative Calculations:—By referring to Table D
(page 43) we find K = 389, Cl= 85'5, O = 16.

~KClO;= (39 x 1) 4+ (355 x 1) 4+ (16 x 3) = 89 +
35'5 + 48 = 122°5.

Hence the molecular weight of potassium chlorate =
122-5.

By addition we also find that KCl = 745, and since
O =16, O; must be equal to 48.

Therefore we may write equation [2] as follows :—

Potassium Chlorate Potassium Chloride Oxygen
— = ~— + ——... [2,bis]
(1225 parts) (74:5 parts) (48 parts)

This equation simply states that when sufficient heat is
applied to potassium chlorate, every 122:5 parts (by weight)

* This is due to the conversion of the black sulphide PbS by
oxidation into white sulphate of lead PbSO,.

+ Such action is characteristic of ozone; nitrous and nitric
acids, however, produce the same change of colour.
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of the chlorate yield 74-5 parts of potassium chloride and
48 parts of oxygen gas. If the atomic proportions of the
elements be taken in grams, then equation [2] further
asserts that every 122-5 grams of potassium chlorate are
capable of yielding 74'5 grams of chloride of potassium
and 48 grams of oxygen.

Hence we can calculate the weight of oxygen which
can be obtained from any given weight of potassium
chlorate ; or, conversely, the weight of potassium chlorate
required to produce & given weight of oxygen. Thus, for
example :—

Let it be required to calculate the weight of oxygen
which can be obtained from one kilogram of potassium
chlorate.

Since 122'5 grams of chlorate yield 48 grams of oxygen,
. 48
1 gram ,, yields 190% » "
. 48
»~ 1 kilogram (= 1000 grams) ,, Too5 X 1000 ,, ,,
48
Ans. Quantity of oxygen = 15575 X 1000 = 39183 grams.

Conversely, how much chlorate of potassium must be
used to obtain 1 kilogram of oxygen?

Since 48 grams oxygen require 122-5 grams of chlorate,

. 122'5
1 gram y» rOQUIres —g= 4 ”
] .
1 kilogram (= 1000 grams),,” 5 x 1000, .,
122:5

Ans, Quantity of chlorate = “—z—x 1000 .~ 2552 grams,
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Other Methods of Preparation:—When oxygen is
required in large quantities, it is
more cheaply prepared by expos-
ing the mineral pyrolusite
(another name for manganese
peroxide) MnO, to a strong red |
heat in an iron retort (Fig. 19).

The manganese refuses, no matter

how high the temperature be

raised, to give off more than

one-third of its oxygen. After all

the oxygen that can be obtained

is set free, there is found in the

retort another oxide of mangane-

sium, the formula of which is

Mn,O,. Hence the decomposition

of pyrolusite by heat may be

represented thus :— Fig. 19,
3MnO, = Mn,O, 4 C............ [3]

In Table D (page 43) we find Mn = 55, and O = 16,

~ MnO, = 55 4 32 =87

and 3MuQ, =3 x 87 = 261.

We thus find that 261 parts by weight of manganese
peroxide are, when sufficiently heated, capable of
yielding 32 parts (= O,) of oxygen. Hence from every
261 grams of the manganese oxide used in preparing
oxygen by this method 32 grams of oxygen may be
obtained.

If it be required to calculate the quantity of oxygen
which can be obtained from a given quantity of man-
ganese (pyrolusite); or, conversely, if we wish to know
how much manganese oxide is required to produce a
given quantity of oxygen, we can perform the necessary
calculations, as follows :—
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e.g. Let it be required to find how much oxygen can be
prepared from half a kilogram of pyrolusite.
Since 261 grams of manganese yield 32 grams of oxygen,

1 gram ,, » Wil yield% ” ”
~. % kilogram (= 500 grams) ,, %x 500 ,, "
9
Ans.—Quantity of oxygen = 2%»1 X 500 = 61'3 grams,

Or the problem may be solved by simple proportion,
thus :—

Manganese Manganese Oxygen Oxygen
N’ N/ —~— Ny~
(261 grams) : (500 grams) :: (32 grams) : (z grams)

82 x 500
= —5=—— = 61'3 grams oxygen.

261
As an example of the converse operation,—Let it be
required to calculate what quantity of manganese must
be used to obtain one kilogram of oxygen.
Since 32 grams of oxygen require 261 grams of mangancse
261

1gram ,, ,, requires “32 . '
. 261
.. 1 kilogram (= 1000 grams),, 3y X 1000.

. 261
Ans.—Quantity of manganese =3, X 1000=8156% grams.

Or, it may be found from the equation3MnO,=Mn,0,=0,
by simple preportion, thus—

Weight of O; : given weight :: weight of : required wt.
of oxygen. 8MnO, of mananese.
N N~ fy~— ‘\_’\, —~—
32 1000 261 z
261 x 1000
z = _3.;_2_ = 8156} grams.

. Quantity of manganese peroxide =8-15625 kilograms.
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Other peroxides, such as plumbie peroxide, PbO,, and
baric peroxide, BaO,, also lose part of their oxygen when
strongly heated, and are reduced to a lower condition of
oxidation, as for example BaO, = BaO 4- O.

Oxygen can also be prepared by the action of sulphuric
acid on manganic peroxide as well as by the action of the
same acid on potassium anhydro-chromate when heated
to a definite temperature, the reactions which take place
being represented by the following equations :—

2MnO, 4+ 2H,S0, = 2MnSO, 4 2H,0 + O,
and

2K,Cr,07 + 10H SO, = 4KHSO, + 20ry(S0,)s +8 HyO + 30,

In fact, sulphuric acid itself may be employed as a
source of oxygen gas, for when the concentrated acid is
allowed to trickle over bricks heated to bright redness,
the acid is decomposed into oxygen, sulphurous anhy-
dride and water vapour. The acid, in fact, undergoes
dissociation :—

2H,80, = 2H,0 + 280, + O,.
Oxygen is also produced by the electrolysis of water, and
as a product of the action of vegetable life on the
atmosphere.
SULPHUR. S =382

Sulphur, Selenium, and Tellurium form a group of
elements resembling oxygen in their chemical relations.
In their combinations with hydrogen, they play the part
of dyad elements, although their active atomicities are
more frequently teirad and even herad—as in the
common oxides of sulphur, SO, and SO,, respectively.

This group (termed the sulphur group) exhibit grada-
tional differences in their atomic weights and specific
gravities, &c., exactly similar to those which characterise
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the three members, chlorine, bromine and iodine, of the
halogen group of elements.
Sulphur 8 = 32
Selenium Se = 79 79'8 =mean.
Tellurium Te = 128

Occurrence.*—Sulphur is found abundantly in the free
state in the voleanic districts, more especially in Sicily and
Iceland. The Sicilian sulphur, which is usually mixed
with various rocky materials (such as gypsum, limestone,
marl, and celestine), is largely imported into England
under the name of native sulphur, or brimstone.

Native sulphur is freed from its earthly impurities by
repeated dry distillations or sublimations, the condensed
vapour being called flowers of sulphur ; it is either stored
in that state, or melted and cast in cylindrical moulds
into sticks, called roll sulphur. Besides occurring in the
native state, sulphur is frequently met with in combina-
tion with metals, forming an important class of mine
products termed sulphides, or sulphurets, those of iron
(FeS,), copper (CuS,), lead (PbS), and Zine (ZnS) being
the most common. It is also found as a constituent of
the sulphates (or oxidized sulphides), the sulphates of
calcium (gypsum), barium (heavy spar), magnesium
(Epsom salt) being of most frequent occurrence. Sulphur
in minute quantities is present in vegetable and animal
tissues.

Properties.—Sulphur isa brittle solid of a lemon yellow
colour, and it i8 a non-conductor of heat and electricity.
1t emits a peculiar odour when rubbed with the hand, at
the same time becoming negatively electrified. It is

* Selenium and Tellurium are rare elements; they arc only ob-
tainablo in small quantities, and, with the exception of the recent
application of selenium in the construction of the photophonc, have
not been largely applied to useful purposes. The chemistry of these
two elements will therefore be omitted from the present course.
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tasteless and insoluble in water, it dissolves very slightly
in alcohol and ether, but readily in the bisulphide of
carbon.

Like oxygen, this element affords an example of
allotropism, but instead of two different states of molecular
arrangement, sulphur presents three well-known varieties.
There are two crystalline modifications and one amor-
phous variety :—

Crystalline Modifications.—
Octahedral Sulphur—Specific gravity 205
Prismatic Sulphur— Do. 1-98

Native sulphur occurs in minute octahedral crystals, as
well as in an apparently amorphous condition. The
second crystalline modification (prismatic sulphur) is
obtained when ordinary roll sulphur is melted, and (while
cooling slowly the erust which forms on the surface being
broken open) the liquid sulphur poured out on a slab.
But the prismatic crystals thus obtained, on exposure to
the air, are slowly changed into the octahedral variety of
sulphur, heat being at the same time evolved.

Amorphous Modification.—

A third modification of sulphur, or amorphous sulphur,
is obtained when melted sulphur at about 230° C. is
suddenly cooled by pouring into cold water. When
treated thus, sulphur changes into a soft plastic mass of
an amber brown colour, resembling caoutchoue, and its
specific gravity is reduced to 1'95. In this state it is in-
soluble in carbon-disulphide. After the lapse of a short
time, however, the plastic condition is lost, and the
sulphur recovers its yellow colour and characteristic
brittleness, and at the same time the specific gravity
rises, so that it may be said toreturn to the prismatic con-
dition. This change of condition can be brought about
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suddenly by heating the plastic material to 100° C., when
the change is accompanied with evolution of heat.

When united with positive radicles, sulphur is usually
& dyad element and the analojue of oxygen, as for
example :—

Oxides ............ H.,0, K;0, KHO, CO,, &c.
Sulphides......... H,8, K,8, KHS, C8,, &e.

Sulphur inflames at a low temperature,* burning with
a pale blue flame when heated in contact with air or
oxygen, or any substance such as nitre, which readily
gives off oxygen—the product being the ordinary dioxide
of sulphur, SO,; it is this gas which yields the suffocating
odour when a lucifer match is ignited.

Sulphur is employed in the arts in the manufacture of
oil of vitriol, matches, and gunpowder, &. The fumes of
burning sulphur act as an eflfective bleaching agent as
well as deodorizer and antichlore.

The following are the more important compounds of
sulphur with hydrogen and oxygen :—

Sulphuretted Hydrogen ......... JIRR

Sulphurous Anhydride..... ...... S0,.

Sulphurous Acid ...... ........... H,80,(=11,0+4S0,).
Hyposulphurous Acid ............ H,80,.

Sulphurie Anhydride ............ S0;.

Sulphuric Acid..................... H,80, (=I1,04-80,).
Thio-Sulphuric Acid ............ 11,S0,S.

The sodium salt of the last acid is popularly, though
wrongly, termed *hyposulphite of soda.”

* Hence its use in the manufacture of gunpowder ; the composi-
tion of gunpowder is approximately represented by the formula
S + 2KNOg + Cg, which, when exploded, is converted into
K,S + N, + 3COq.
The sudden production of large volumes of nitrogen and carbon
dioxide at a high temperature cxplains the secret of the propulsive
force of gunpowder.
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Both H,S and 8O, are known to occur among the gases
ejected by volcanoes, and by their mutual reaction
sulphur is deposited, thus :—

2H.8 + 80, =2H,0 + 8,.
This explains the special occurrence of sulphur in

voleanic districts.

Sulphur forms two compounds with Hydrogen, Hydrogen Sulphide
(H,S) and Hydrogen Persulphide (H,Sy*). The former only is of
sufficient importance for notice in a first course of chemistry.

Hydrogen sulphide (sulphuretted hydrogen) is usually prepared by
the action of dilute sulphuric acid on sulphide of iron (ferrous
sulphide) FeS.

FeS + H;3SO4 + Aq = HyS + FeSO, + Aq.

The gas can be collected over warm water, being rather soluble in
cold water, forming an acid solution ; or, if a solution of the gas be
required, it should be passed through a series of Woulfe's bottles
containing distilled water.

This gas, notwithstanding its bad smell, is of great use in Ana-
lytical Chemistry. As an illustration ofits peculiar use in this way
I will now pass a current of sulphuretted hvdrogen through the
series of five similar tottles, arranged in order Le ore you.

The first bottle contains a solution of copper-sulphate, tne second
a solution of arsenic, the third a solution of antimony, the fourth a
salt of lead, and the fifth an alkaline solution of zinc.

* H,S, is chicfly interesting as being the analogue of Hydroge n
peroxide HyOg. Itisan unstable oily liquid.
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The copper compound turns brownish-black, the arsenic yellow,
the antimony orange, the lead black, and the zinc white, because

. coloured sulphides of the respective metals are formed. H,S isthusa
valuable reagent for precipitating metals from solutions of their salts.

This gas is obtained in a purer condition by acting on antimony

sulphide with dilute hydrochloric acid and heating the mixture.
SbySy + 6HCI = 311,S + 2SbCl,.

Prepared from FeS and oil of vitriol it is usually accompanied by
a small quantity of free hydrogen, and sometimes arseniurotted
hydrogen. The iron sulphide, being usually artificially prepared by
melting together iron and sulphur, frequently contains some un-
combined iron, which with the acid would give hydrogen gas. Oil
of vitriol also frequently contains arsenio. When nascent hydrogen
and sulphur vapour are brought togethor, this compound is formed.
It is also formed by the action of zinc on concentrated sulphuric
acid, hence an additional reason for diluting this acid in the
ordinary method of preparing bydrogen. Sulphuretted hydrogen iy
a highly poisonous gas, and is given off from the sewers of large
cities in considerable quantities. Its presence in the atmesphere of
foul drains and water closets can easily be detected by its blackening
white blotting paper which has beeu previously soaked in a solution
of acetato of lead—the so-called sugar of lead of the druggists.

We must now content ourselves with manuiacturing small quan-
tities of sulphurous and sulphuric oxides and acids, leaving tho
study of the remaining sulphur compounds for a future occasion.

Sulphurous Anhydride (S0,) is obtained for preparing sulphuric
acid by burning sulphur in air (S+0.=80,) ; or by roasting iron
pyrites in & current of air :— ’

4T6S, + 110, = 880, + 2F0,0,.

For Laboratory purposes it is most easily preparcd by heating
sulphuric acid with copper or mercury :—

Cu + 2H,50, = SOy + CuSO, + 2H,0.

The gas may be washed by passing it through a small quantity of
water previous to collecting iv in water, with which it forms n solu-
tion of sulphurous acid, having, like carbonic acid, the hypothetical
composition H,S0, (H;0+80,). The dry gas is a non-supporter
of combustion, and is irrespirable; it is, in fact, sometimes employed
a8 & fire extinguisher. Like chlorine it is employed as a bleuching
agent for straw and woollen goods, the fibre of which would be
attacked by chlorine. Owing to its great power of combining with

10
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oxygen, it is useful as & preventive of fermentation and as a
disinfectant for sick rooms.

Sulphuric acid (hydrogen sulphate) is the most important
compound of sulphur with oxygen and hydrogen. It is the most
powerful of all the hydrogen salts, or acids. Sulphuric acid is
manufactured on a large scale in leaden chambers. Sulphur
dioxide (SO,) is supplied to the chamber in company with steam
and oxides of nitrogen, which, in the presence of water vapour and
air act as carriers of oxygen from the air to complete the oxidation
of the sulphuric anhydride. On a small scale the processes going
on in the leaden chamber may be imitated as follows :—

The large globular flask representing the leaden chamber has led
into it, by glass tubes from the three smaller flasks, water vapour
(steam), sulphur dioxide and nitroso-nitric anhydride NO, (or
perhaps & mixture of N;O; and NyO,).

By the joint action of oxygen and steam the sulphurous gas is

converted into sulphuric acid H,SO,.
SO; + NO,; + H;0 = H;S0, + NO.

The nitric oxide (NO) formed takes up fresh oxygen from the air

and NO, is reformed.
2NO + 0, = 2NQ,.

This again meeting with additional sulphurous gas gives up oxygen
to it, converting it as before into sulphuric acid, which dissolves in
the excess of water at the bottom of the vessel, and so on keeping
up these reactions continuously till the process is completed.
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When sulphur dioxide and oxygen are passed together through a
red-hot platinum tube (packed with asbestos), the two gases combine
with the production of sulphuric anhydride, SOy+0 =80, which
is & white needle-like crystalline sold, which if thrown into water
hisses like a hot iron quenching, and combines with the water to
form hydrogen sulphate, SOy + H,0 = H,SO,.

Sulphuric acid has a great dustre for water, henco it has a vory
destructive action on organic matter usually causing it to char or
carbonise. This property may be illustrated by pouring a suflicioucy
of strong sulphuric acid over a ~yrup of canc sugar,

CpHnOy — 11H,0 = ¢y,
when a large mass of carbon will be set frce. It is the strongest
acid known, and expels all othor acids from their combinations.
It unites with bases to form Sulphates, some of which are formu-
Jatod below—-the imsolubilily of barium, strontium and lend
sulphates scrving as tests for distinguishing this acid from othors.

Familiar Sulphates.

" Hyposulphite of  soda

)

Sodic thiosulphate Na,S0,8

Sodic sulphate . Glauber's salt ' Na,S0,
Magnosic sulphate : Epsom salt I MgSO,
Calcic sulphate Alabaster, gypsum, sclo- ' CuSO,
nite, plaster-of-Paris !
Baric sulphate Heavy spar, permanent | BaSO,
white :
Zincic sulphate White vitriol i ZnSO,
Cupric sulphate Blue vitriol ‘bluestone) , Cus0,
Plumbic sulphate Lead vitriol | PbSO,
Terrous sulphate Gireen vitriol, or copperas | FeSO,
Dipotassic  aluminic | Common alum I K,AL480,
tetrasulphate !
|
I

(antichlor)



CHAPTER XIII.

HYDROGEN and OXYGEN.

We shall now revert to some simple experiments with
combined hydrogen and oxygen, and show that water is
the result.

That the inflammability of hydrogen in air is due to
its powerful affinity for oxygen may be demonstrated
by the following experiments :—

I take a very strong gas jar, about the capacity of one
pint (a soda-water bottle answers the purpose excellently),
and into this jar I shall presently decant, under the
water in the pneumatic trough, 2 measures of hydrogen
and 1 measure of oxygen. I shall then cover the mouth
of the jar with a ground-glass plate, and place it on the
table with its mouth upwards. This being done, I take
the jar in one hand, and, removing the glass-plate,
apply a lighted taper to its mouth with the other. You
observe the result : the two gases instantly combine with
an explosion® accompanied by a loud noise similar to
the report of a pistol ; in fact it is such a mixture that
is fired by an electric spark in the apparatus we call
the ‘ Electric Pistol” The compound produced by the
combination of the hydrogen and oxygen in this experi-
ment is water : this may be proved by exploding the

*No dangerous consequences result from this explosion if a
sufficiently strong jar be used ; it is advisable to wrap the jar in a
towel before applying the lighted taper. A jar of sheet tin may be
employed with perfect safety.
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mixture by an electric spark in a strong reservoir
of glass, such as that used by Cavendish in 1781,
when the composition of water was first accurately deter-
mined. The reservoir is first exhausted of air by means
of an air-puinp, and then filled with the mixed gases in
the proportion of 2 volumes of -
hydrogen to 1 volume of oxygen
from & transferring jar (see Fig. 22).
This being done, the stop-cock is
shut, and the mixture is exploded
by connecting one of the platinum
wires which are fixed in the stopper
with the exterior of a charged
Leyden jar, and the other with the
knob: on examining the reservoir
after the mixture has been fired, the
gases are found to have completely disappeared, produc-
ing by their combination a volume of steam which, if
measured at the same temperature and pressure, would
be found exactly equal to the two volumes of hydrogen
used ; the stean thus produced is quickly condensed into
water by the cold and pressure it experiences in the
reservoir, from which it can be taken and its properties
examined. If any other proportions of these gases than
those already mentioned be transferred to this apparatus,
which goes by the nawme of ‘Cavendish’s Eudiometer,’
on examining its contents after firing the mixture there
will always be found remaining the exact quantity of the
particular gas which has been added in excess of the
aforementioned proportions.

In the ordinary bottle for generating }{ydrogen, if the
bent delivery tube be replaced by a long glass tube drawn
out to & fine point (or, better still, a donmon brass blow-
‘pipe, which should be straightenedy, the hydrogen may
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be ignited* at the point of the tube from which it escapes
into the air (see Fig. 23). If now while the hydrogen is
burmng, I bring a tolerably large bell-shaped
glass jar, perfectly dry and bright, over the
flame, the surface of the glass (as you per-
ceive) becomes dimmed, due to the condensa-
tion of small drops of water by the cold glass.
By keeping the glass jar cool for a short
time, I can thus collect a sufficient number
of drops to satisfy you that it is water that is
produced by the combustion of hydrogen in
air. Now, as by Cavendish’s experiment it
was shown that water is composed of hy-  Fig. 23.
drogen and oxygen, it is therefore evident that the
combustion of hydrogen in air is due to its combination
with oxygen to form water.

With the apparatus just described, which is called
Priestley’s ¢ Philosophical Candle,’ a very amusing experi-
ment may be made by covering the hydrogen flame with
a thin glass, porcelain or metallic tube open at both ends ;
when the tube is held in a vertical position and depressed
gufficiently over the jet, the flame elongates, in conse-
quence of the draught caused by the tube acting the part
of a chimney, and a musical sound is produced, which
varies with the size of the jet, and with the dimensions of
the tube. This arrangement is sometimes called the
¢ Chemical Harmonicon.” The sounds are produced by a
series of small explosions, which take place in rapid sue-
cession in the tube, and which are caused by the hydrogen
combining with oxygen from the air. These explosions
set the air in a state of vibration, which it propagates to
the ear, thereby producing the sensation of sound.

* The air should be allowed to escape out of the bottle before
igniting the hydrogen, if not, the mixed gases in the bottle may
explode with violence sm’ficlent to break it.
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In all the previous experiments illustrating the great
affinity of hydrogen for oxygen, whether pure or mixed
with the nitrogen of the air, heat was applied by means
of alighted taper or of an electric spark before combination
commenced ; but once begun, sufficient heat was evolved
to continue the act of combination. In the year 1824 it
was discovered by Dobereiner that hydrogen and oxygen
might be made to combine without the actual application
of heat, by bringing the mixed gases in contact with
spongy platinum, i.e. metallic platinum in a very fine
state of division. Utilising this discovery, Dobereiner
constructed a lamp (Fig. 24) for giving
an instantaneous light, in which hydro-
gen forms the combustible material. The
hydrogen is developed in the usual way,
by the action of zinc on hydrogen sul-
phate, and is allowed to accumulate in
an inverted glass jar, attached to the
cover of the outer vessel by means of a
brass jet and stop-cock. By depressing
a lever in connection with the stop-
cock the hydrogen escapes, and impinges Fig. 24,
on a little pellet of spongy platinum, which is placed in a
brass cap immediately in front of the jet. The hydrogen
meeting with oxygen in contact with the spongy platinum
gradually combines with it,” and finally bursts into
flame, in which & candle or taper may be lighted. This
apparatus has fallen into disuse since the invention of
lucifer matches.

In consequence of the great affinity hydrogen has for

* It has been shown by Liebig that a cubic inch of spongy pla-
tinum can condense in its pores 800 cubic inches of oxygen. Hence,
as heat is evolved by the condensation of the volume of a gus, the
temperature necessary to initiate the combination of the uxygen
and hydrogen may be evolved in this way.
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oxygen, it forms a powerful reducing agent, and is
employed by the analytical chemist for reducing metallic
oxides to the metallic state. The following experiment
will illustrate this useful application of hydrogen gas.

I have selected for this purpose the oxide of copper
known as the black oxide, it being very unlike the metal
it contains in combination with its oxygen. The oxide
is placed in the bulb of a hard German glass tube, called
a reduction tube, which is made red-hot by applying a
spirit-lamp to it. By conducting a stream of hydrogen
from the generating bottle, first through a drying tube
containing chloride of calcium, and then over the copper
oxide in the reduction tube (see Fig. 25), the hydrogen
takes up (combines with) the oxygen it meets with in the

Fig. 25.

red-hot black oxide of copper. It is necessary that the
oxide of copper be maintained at a red heat, since a
certain temperature is required to determine the com-
bination of hydrogen and oxygen ; and, besides, heat
tends to overcome the affinity of the oxygen for the
copper, inasmuch as it reduces the cohesion between the
particles of the cupric oxide.

You observe that the substance in the bulb of the reduc-
tion tube has changed its original black for its present red
colour. I shall now remove some of this red stuff from
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the tube, and let you examine it and satisfy yourselves
that it is really copper. Under the hammer it burnishes
like plate copper.

By collecting the gas that escapes from the open end of
the reduction tube, it may further be proved that the
hydrogen has really taken up the oxygen in its passage
over the oxide of copper, and with it formed water. The
following equation represents the decomposition of a
molecule of cupric oxide, with the replacement of its
copper by hydrogen :—

Cu"0 4 H, = H,0 + Cu".

The two dashes written over the symbol of the copper
are intended to denote that 1 atom of copper is equivalent
wm combining power to 2 atoms of hydrogen.

You must have noticed that the flame of burning hydro-
gen yields but very little light;* this, however, is com-
pensated for by the great amount of heat it evolves.

A kilogram of hydrogen, in combining with the neces-
sary quantity of oxygen (8 kilograms) to form water,
evolves 34,462 thermal units, or degrees of heat,—i.c.
the quantity of heat developed by the complete combus-
tion of 1 kilogram of hydrogen in oxygen, is capable of
raising the temperature of 34,462 kilograms of water
from 0°C. to 1°C. By converting these units of heat into
units of work we will gain some idea of the enormous
amount of force produced by chemical action. The
mechanical equivalent of a unit of heat being 424 kilo-
gram-meters, each unit of heat developed by the comnbus-
tion of hydrogen in oxygen is capable of doing 421 units
of work, and therefore 34,462 units of heat are capable
of performing 424 x 34,462 = 14,611,888 units of work,—
1.e. upwards of 14% millions of kilograms raised through
a height of one meter.

# Perfectly pure hydrogen burns with & pale reddish-brown flame,
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If the combustion of a kilogram of hydrogen in oxygen
be agsumed to occupy a second of time, the work produced
by the combination of one kilogram of hydrogen with 8
kilograms of oxygen would be equivalent to

14'6;_%8@ =194,825 Horse Power,
or, in other words, the force stored up in a kilogram of
hydrogen gas is, very nearly, equivalent to the combined
strength of two hundred thousand horses.

This calculation gives a fair idea of the strength of
the chemical force, since the strength of the chemical
attraction between any two substances is proportional to
the quantity of heat evolved by their combination, or
(which is found to be the same) to that needed to separate
them from combination.

If hydrogen and oxygen be mixed together in the pro-
portion of two volumes of hydrogen to one volume of
oxygen, and the mixture ignited while escaping from a
capillary tube, they yield the most intense heat at present
obtainable by chemical action; it is only exceeded by
the heat of the electric lamp and by that of the sun’srays
when concentrated by a powerful lens. The heat pro-
duced is sufficient to fuse platinum and silica, and even to
convert some very refractory solid substances into the
gaseous state. Such a mixture is used in the apparatus
called the oxy-hydrogen blowpipe. The oxy-hydrogen
flame may be produced without the use of this expensive
but safer apparatus, as follows :—

I light the ¢ Philosophical Candlé,” and, having filled a
bladder which has been fitted with a brass jet and stop-
cock with oxygen, I place it on a block of wood in such a
position that the jet attached to the bladder may be on a



CHAP. XIII.]  OXYHYDROGEN LIME LIGHT. 155

level with the nozzle of the hydrogen jet (see Fig. 26).

Fig. 26.

Now by gently pressing the bladder with my hand the
oxygen is forced out of the brass jet, and it blows the
hydrogen flame in a horizontal direction.

The flame, you observe, gives scarcely any light, but
that it evolves intense heat is manifested by its melting
this piece of platinum wire,—since platinum requires
higher temperature to melt it than any other metal does.

That the presence of an incandescent solid in flame
increases its power of evolving light, is well exemplitied
by holding a piece of lime in this flame; the lime,
becoming incandescent, emits a most dazzling bright light.
A light of this kind was first employed during the
Trigonometrical Survey of Ireland, by Captain Drum-
mond, for making observations with the Theodolite at
long distances; it is now much used for illuminating
microscopic objects and magic-lantern slides, &c., under
the name of the oxy-hydrogen lime-light, with an ¢xhibi-
tion of which I shall conclude this lecture.



CHAPTER XIV.

WATER.
Molecule, H,O = 18; Density = 9.

Occurrence.—The modes of occurrence of water are so
well known to every one as scarcely to need description.
It occurs in a tolerably pure state in the rain and snow
that fall in the open country far away from large towns.
Ice is, almost invariably, pure water in the solid form.
Most of the waters we meet with on the surface of the
globe contain various foreign substances in solution.
These substances, though not chemically combined with
the components of the water in which they are dissolved,
impart to it various qualities, such as softness, hardness,
medicinal properties, &e. The chemistry of such waters,
however, may be advantageously postponed till we have
learned something about those substances to the presence
of which (in solution) are due the qualities in question.

Purification.—For chemical purposes pure water must
be employed : it
is usually pre- )
pared by distill-
ing ordinary (im-
pure) water. The
process of distil-
lation is exhibited
on & small scale
by boiling water
in a retort, the
neck of which
passes into a re-
ceiver (see Fig.
27). Thereceiver
is kept cool by being placed in a vessel of cold
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water, while continued drops of cold water are allowed to

fall on it from a cis-
tern standing above.
The steam passes into
the receiver, where
it is condensed into pass
water, by the loss of /- o
its latent heat. The

cold water in the
basin absorbs the heat

/

Fig. 28.

from the steam, and thereby becomes warm itself, for

which reason it is necessary to
have the condensing water renewed
by a streatn of drops from a cistern
of cold water.

When pure water is required in
larger quantities, a copper still and
condenser (Fig. 28) are used.
Rain water collected in the country
may sometimes be had pure enough
for chemical experiments.

Cumposition—Formation : — That
water is composed of hydrogen and
oxygen has already been demon-
strated in considering one of the
properties of hydrogen, viz. its
great affinity for oxygen. An
experiment in confirmation of this
statement, however, will not be
without instruction. If a tolerably
large metallic ball be held thus
(Fig. 29) over a jet of burning

hydrogen for a few seconds,

water will be formed by the con-
densation of the water-gas pro-
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duced by the combination of the hydrogen with the
oxygen of the air. A drop of water, as you may now
observe, hangs from the lowest point of the surface of the
ball. The steam parts with its latent heat to the cold
metallic ball, and is thus reduced to the liquid state,

We have already noticed that when dry hydrogen was
passed over a black substance, which was known to
contain two elements only, namely, copper and oxygen
(CuO) the copper alone was left, the oxygen having com-
bined with the hydrogen to form water.

Cavendish has taught us that water is produced by
exploding (by means of an electric spark) a mixture of
oxygen and hydrogen in his Eudiometer. His experi-
ment has also taught us that when these gases were
mixed in the proportion of two volumes of hydrogen to
one volume of oxygen, nothing but water remained in the
reservoir after they were exploded. We are thus led
to conclude that water is composed of two volumes of
hydrogen and one volume of oxygen. It was in this
manner, that is, by the method of synthesis, that the
composition of water was first determined (so late as A.D.
1781) by Cavendish, who weighed the glass reservoir
before and after the explosions, and thus found that the
weight of the water produced was exactly the same as
that of the mixed gases which combined to produce it.

Since the time of Cavendish the composition of water
has been determined, both analytically and synthetically,
by numerous and exact experiments, which result in &
confirmation of the original conclusion of Cavendish,
namely, that water is composed of hydrogen and oxygen
in the proportion of two volumes of the former to one of
the latter. It will be interesting and instruective to verify
this statement by the following experiment :—
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‘We may analyse water by means of the electric current.
For this purpose I half fill this glass vessel (Fig.30) with
water, which has been acidulated with about
one-tenth of its volume of hydrogen sulphate
(sulphuricacid). The acid enables the water
to conduct the electric current better than
it otherwise would. The graduated tubes,
being also filled with the acidulated water,
are inverted over the two small platinum
plates, which you see in this glass vessel.
These platinum plates are connected with
platinum wires which pass through the
bottom of the vessel. I now bring the
platinum wires into contact with the  Fig 30.
terminal wires of a galvanic battery (three or four cells of
Grove’s are sufficient), and notice that an evolution of gas
takes place from the surface of each of the platinum plates.
I shall presently prove (by imniersing a lighted taper in
each tube) that it is oxygen that is collecting in the tube
which stands over the plate in connection with the
platinum or positive end of the battery, and hydrogen that
is collecting in the tube which stands over the plate in
connection with the zinc or negative end of the battery.
One of the tubes being now nearly filled with gas, I stop
the decomposition of the water by breaking the contact
of the platinum plates with the terminal wires of the
battery. You observe now that the volume occupicd by
the gas in one iube is about double that occupied by the
gas in the other. It should be exactly double were
oxygen and hydrogen equally soluble in water. Oxygen
is about 1 per cent. more soluble in water than hydrogen,
hence the bulk of hydrogen obtained in this experiment
proves to be a fraction more than double that of the
oxygen.

Let us now examine the properties of the gases con-
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tained in these two tubes. The taper, you observe, is
extinguished by the gas which occupies the larger bulk;
the gas itself, however, burns at its surface of contact
with the air, consequently (having already satisfied our-
selves by many previous experiments that water contains
nothing else besides oxygen and hydrogen) this is the
hydrogen. Into the other gas I plunge a glowing-red
chip of wood. You notice that it bursts into flame.
The taper is not extinguished by it, but burns with greater
brilliancy. Mixed with hydrogen it burns with an
explosion when a light is presented to it. Hence we may
say that this gas (i.e. the one having the smaller volume)
is the oxygen. This experiment, therefore, teaches us—
due allowance being made for the greater solubility of
oxygen—that water is composed of two volumes of
hydrogen united with one volume of oxygen.

This conclusion may be confirmed by a synthetical experi-
ment. The apparatus to be used (a modification of that
used by Cavendish) is called a Eudiometer, and consists of
a graduated glass tube, into one end of which are melted
two platinum wires (see Fig. 31). The tube
must first be filled with mercury, and then in-
verted in along narrow jar, or mercurial trough,
filled with the same metal. Hydrogen maynow
be admitted into the tube. I shall admit 50
measuresof it. Now I shall admitany quantity
of oxygen you please : let us say 50 measures
also. Here, then, I have got in this tube 50
volumes of hydrogen and 50 volumes of oxygen, :
orinother words, these gasesaremixed together — iR
in equal proportions. I must now ask you Fig. 81.
carefully to notice the volume of the gas remaining after
I have passed an electric spark through the mixture,
Connecting one of the platinum wires with the outer
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ooating of a charged Leyden jar, and approaching the
knob to the other wire, the spark now passes, and the
mixture, you observe, is suddenly exploded with the
production of flame, which is evidence that combination
has taken place. The bottom of the eudiometer tube,
which rests on a caoutchouc pad, may now be opened, so
as to admit the mercury. This being done, the mercury
rises rapidly into the tube, and, as you may now perceive,
comes to a standstill about the graduated mark 25, Hence
we have left of the 100 volumes of the mixture only 25
volumes of gas. That this residual gas is oxygen is easily
shown by its power of supporting (without exploding) the
combustion of a glowing chip of wood, &c. The water
produced is deposited like dew on the sides of the tube,
and occupies about g—'(%oth part of the volume occupied by
its components ; we may, therefore, neglect it in measur-
ing the volume of the residual gas. We thussee that 50
volumes of hydrogen require exactly 25 volumes (or half
its own bulk) of oxygen in order to burn it completety ;
we may, therefore, conclude that any quantity of water
is composed of a certain quantity of hydrogen united to
half its own bulk of oxygen. Water is formed whenever
any compound containing hydrogen is burned in oxygen
or air; and it most frequently happens that the other
elements which are in combination with the hydrogen
become oxidised at the same time. The combustion of
Marsh gas (CH,), for example, in oxygen may be repre-
sented thus—
CH, + 20, = CO, 4 2H,0

Sulphuretted hydrogen likewise when burned in oxygen
yields sulphurous anhydride and water, thus—
2H,8 + 30, = 280, + 2H,0

Water occurs as a secondary product in numerous
11
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chemical reactions, as in the case of the action of acids
on metallic hydrates—
KHO + HCl == KCl 4 H,0
Ca(HO), + H,80, = CaS0, 4 2H,0
Ca(HO), + CO, = CaCO, 4 H,0.*

Waiter is likewisé formed when certain metallic oxides
are beated in a current of hydrogen gas. Thus cupric
oxide, when heated with hydrogen, yields water and
metallic copper,

CuO + H, = Cu 4 H,0,
a reaction which provides a simple method for determin-
ing the gravimetric, as distinguished from the volumetric,
composition of water,

From the composition of water by volume we can
deduce its composition by weight ; for since oxygen is
sixteen times as heavy as hydrogen, bulk for bulk, and
since they combine to form water in the proportion of 2
volumes of hydrogen to 1 volume of oxygen, therefore
the proportions by weight in which they combine are as
2 to 16. Hence, since the atomic weight of hydrogen=1,
and that of oxygen = 16, each molecule of water may be
represented as composed of 2 atoms of hydrogen and 1
atom of oxygen, which fact is more concisely expressed
by the formula H,0.

That the proportion by weight of the hydrogen to the
oxygen in water is correctly represented by 2 : 16, may
further be proved by repeating the experiment of reduec-
ing cupric oxide with hydrogen. If we take a known
weight of copper oxide and heat it to redness in the
presence of an atmosphere of dry hydrogen gas, after a
little time all the oxygen will have combined with
hydrogen to form water : by collecting and weighing all

% This reaction explains the ‘setting’ and ¢hardening’ of
mortar, as well as the dampness of recently-plastered rooms.
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the water formed, and deducting the weight of the oxygen
(i.e. the loss in weight of the copper oxide) from that of
the water, the remainder will be the weight of the hydro-
gen which has entered into combination with the oxygen,
the weight of which is known from the loss in weight of
the oxide of copper. In thisexperiment the water which
is formed is usually collected by being conducted into a
tube packed with fragments of chloride of calcium (as in
Fig. 25), by which it is absorbed ; and the increase in the
weight of this tube is evidently the weight of the water
produced by the combination of the oxygen of the copper
oxide with hydrogen ; the excess of hydrogen is allowed
to escape into the air.

If a be the weight of the reduction tube and the oxide
of copper it contains ; and a’ be the weight of the tube
and copper when the oxide is completely reduced ; if, too,
¢ and ¢' be the combined weights of the chloride of
calcium tube and its contents at the commencement and
termination of the experiment, respectively, the quantity
of water formed will evidently be ¢'—c; from this sub-
tracting the oxygen (which is ropresented by a—a') we
get the hydrogen to be (¢'—c)—(a—a').

‘When the necessary weighings, &c., are performed with
accuracy, the ratio of (¢'—c¢)—(a—a') to a—a' is found to
be as 1 to 8, which is the same as 2 : 16.

Dumas, who made a number of very accurate experi-
ments in the manner I have just described, has found
that in 100 parts by weight of water there are—

of Hydrogen......... 11-1111 :
of OXYgED errrmeo. 88-8889} parts by weight.

These numbers are plainly in the proportion of 1 : 8, or
2 : 16, which are those already deduced from the known
volumetric composition of water-gas.
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Properties.—Water, though most commonly met with
in the form of a liquid, is capable of assuming both the
solid and gaseous conditions.

Hydrogen is one of the most inflammable substances in
Nature, yet water cannot be set on fire; oxygen, on the
other hand, causes bodies to burn with great brilliancy,
whilst water extinguishes combustion. Water thus affords
a most striking illustration of the fact that compound
bodies possess properties different from those of their
components.

When tolerably pure, water presents a bluish-green
colour to the eye, especially when seen in large quanti-
ties, such as the waters of the ¢deep blue sea.’ In
muddy waters this colour is not visible. The lakes of
Switzerland are remarkable for the blue colour of their
waters.* Ice, too, exhibits the same colour when seen in
large masses, such as glaciers, icebergs, &c. Pure water
is tasteless and odourless.

Water is slightly compressible. Oersted has found its
compressibility to be proportional to the compressing
force, and for an increase of pressure equal to one
atmosphere to be fifty-three-millionths (l'o—g_-o—w) of its bulk.
It is also elastic, for when the pressure is removed it
returns to its original bulk.

All gases are soluble in water to a greater or less
extent: increase in the temperature of the water is
generally accompanied by a decrease in the amount of
gas dissolved ; for example, 100 volumes of water at 0° C.
will dissolve 4 volumes of oxygen, while the same water
at 15°:5 C. (60° F.) is capable of dissolving only 3 volumes
of oxygen.

* Professor Tyndall appears to have shown that the blue colour

of water, as well as that of the atmosphere, is due to the effect on
light of the minute particles of dust held in mechanical suspension.
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When gases are mixed together mechanically, the
quantity of each gas which will dissolve in water is
dependent on its proportion in the mixture and its rate
of solubility (co-efficient of absorption): thus when airis
dissolved in water about one-third of the dissolved air is
found to be oxygen, and two-thirds nitrogen.*

Water absorbs the same volume of gas in the condensed
state as of gas under the ordinary atmospheric pressure ;
the condensed gas, however, escapes when the excess of
pressure is removed—a bottle of soda or aérated water
presents a familiar illustration.

The elements of water enter into combination with
numerous substances, and bodies of which they form
essential ingredients are frequently termed hydrates.
Calcium oxide (quicklime) when brought into contact with
water combines with it with great violence, exhibiting
phenomena somewhat like those of combustion (such as
evolution of heat, &c.). The compound thus formed,
commonly known as slaked lime, is calcium hydrate,
CaOH,0, or CaH,0,, or Ca(HO),.

Water combines directly (as water) with many salts,
from which it can be driven off by heat. Water thus
combined appears to impart to some salts the property of
forming crystals of a distinet geometric form. It ishence
termed water of crystallization. Thus a molecule of
calcium sulphate (sulphate of lime) combines with two
molecules of water, CaSO, 4+ 2H,0 = CaSO,, 2H,0. It
is for thisiv...  that Plaster of Paris, sets when wet with
water. \

Some salts combine w th several proportions of water
and retain its successive molecules with different degrees of
force. Thus crysta'lli%.r:d magnesium sulphate (or Epsom

* This fact is used #Jn argument to prove that the atmosphere
is & mechanical mixfr s, and not a chemical compound,
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salts), Mg80,. 7H,O, may be converted by exposure
over strong hydrogen sulphate into MgSO,, 2H,0; by
heating to 130° C. it is converted into MgSO,. H,0%;
and the whole of the water is driven off by exposure of
the original erystals to a temperature of 210° C.

The effects of heat on water, being in some respects
peculiar, are particularly worthy of attention.

If we take a certain weight of water (a kilogram for in-
stance), and measure its volume at 0° C., and if while
gradually heating the water its volume be measured from
time to time, it will be found that the volume of the
water becomes less and less till its temperature arrives at
4° C.; or in other words, water contracts in bulk, while
its temperature is being raised from 0° C. to 4° C.; it thus
forms a remarkable exception to the general law that
bodies expand by increase of temperature; above 4° C.
water follows the general law of expansion and contrac-
tion by increments and decrements of temperature
respectively, but between the limits 0° and 4° it behaves
in exactly the opposite manner, .. it contracts for
increments and expands for decrements of temperature—
for on cooling from 4° to 0° it expands and regains its
original volume. As the same weight of water occupies
a less volume at 4° C. than at 0° C., it follows that water
is more dense at the former than at the latter tempera-
ture ; and, since it obeys the general law of expansion for
all temperatures between 4°C, and 100° C., it ia plain that
water is most dense at the tempervstare 4° C. Wate
therefore, has a point of maximum density, and the tem
perature corresponding to its iyaximum density is 4° G
Hence, a given volume of wajter weighs more when
measured off at 4°C. than when m(\aa.sured off at any other

* This last molecule of water, being mo\r'\e firmly retained than the
others, is termed constituent water.
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temperature ; on the other hand, a given weight occupies
a smaller volume at 4° C. than at any other temperature.
Although the amount by which water contracts when
heated from 0° C. to 4°C. is very small (a liter at 0° becomes
99988 of a liter at 4° C.), it still has a wonderful influence
on the economy of Nature. It is by reason of this
apparently trifling property that the waters of the
temperate regions are not converted into ice by the cold
of winter. ‘In winter the temperature of lakes and
rivers falls from being in contact with the cold air, and
from other causes, such as radiation. The colder water
sinks to the bottom, and a continual series of currents
goes on until the whole has a temperature of 4° C. The
cooling on the surface still continues, but the cooled
layers, being lighter, remain on the surface, and
ultimately freeze. The ice formed thus protects the
water below, which remains at a temperature of 4° C.,
even in the most severe winters,—a temperature at
which fishes and other inhabitants of the waters are not
destroyed.’*

The weight of a liter of water measured off at 4° C. is
one kilogram = 1000 grams.

At 62° F. = 16%° C. an (English) imperial gallon of
water weighs 10 lbs., or 70,000 grains, but a gallon filled
with water at 4° C. (39'2 F.) contains 7 grains more, or
weighs 70,007 grains.

When water is cooled down to 0° C. it begins to freeze,
ans &’ tha sama tdme to give out heat. The heat it
evolves during sc.Xification may be collected and
measured by allowing it to be absorbed by other sub-
stances, the temperatune of which is below the freezing
point of water. The /amount of heat given up by a
kilogram of water ef 0°in becoming ice is (as you are
already aware) cajable of raising the temperature of 80

I % Ganot's Physics.
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kilograms of water from 0° to 1° C., or the latent heat of
ice = 80 units. Other substances, also, evolve heat on
passing from the liquid to the solid state. By a simple
experiment this fact may be made manifest to the senses.

Here is a solution of Glauber’s salt (sulphate of soda) ;
it is hot, and is what chemists call a saturated solution,
i.e. it contains as much of the salt in solution as the
quantity of water is capable of dissolving at its present
temperature. By allowing this to cool gradually while
it is at rest (or undisturbed) it remains liquid, but if it
then be poured over the bulb of a thermometer, the
thermometer will exhibit a sudden rise of temperature,
while a great portion of the solution will become solid.
Water may be cooled down considerably below 0° C. with-
out becoming ice by keeping it perfectly still, but if at all
disturbed it suddenly becomes a mass of ice, and its
temperature instantly rises to 0° C. It is a curious fact
that water is specifically heavier in the liquid than in the
solid state ; the weight of a cubic centimeter of water at
4° C. is 1 gram, while a cubic centimeter of ice weighs
only ‘94 of a gram, Hence the specific gravity of ice
(referred to water, at its maximum density, as unity) is -94.

As a consequence of its peculiar behaviour between the
temperatures 0° C. and 4° C., water, while expanding in
the act of freezing (i.e. in entering into the solid state),
possesses enormous power; by its sudden expansion it
produces force sufficient to tear a.sﬁnder the stronges,
materials, such as iron, stone, &e. * :’ “bok iron tus™
used for water-pipes have, over anfzier again, been toL.
asunder by the water they contair having been converted
into ice. Rocks of all ages are yea. ,iier year being split
asunder from the rain water be"‘“ming frozen in their
crevices.

Frost is thus one of the great agents to uy, ¢ gction of which
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the Geologist refers many important physical changes
which our earth bas undergone in the course of time.

As water in becoming ice gives out a certain quantity of
heat, so ice in becoming water absorbs an equivalent
amount ; and for this reason the air feels warmer in frosty
weather than during a thaw.

The freezing point of pure water, or rather the melting
point of ice, is constant,—it never varies from 0° C. ; it is,
however, lowered by the presence of dissolved salts in the
water. It is remarkable that no matter what salts may
be dissolved in water, they separate, almost completely,
from it when it becomes ice. Ice is, therefore, pure
(solid) water. The presence of salts in solution has the
effect of lowering the temperature corresponding to the
maximum density. The point of maximum density of
sea water, for example, is lower than that of fresh, and is
even below 0° C.

I have said, before, that water obeys the ordinary iaws
of expansion and contraction between the temperatures
4° C. and 100° C. Let us now consider the effects of heat
on it when at the temperature 100° C. When water is
heated in an open vessel up to 100° C. (the barometer
standing at 760 m.m.), it enters into ebullition, or, in
other words, it begins to boil; if the heating action be
now continued, the water gets no hotter, i.¢. its tempera-
ture does not increase—a thermometer standing in the
water still reads 100° C.; heat, however, is being imparted
aly tha water, wi ot affecting the thermometer. The
xat thus impuriec,. o} termed latent heat; it is not true

at it has no effect on the water, although it is insensible
to the thermometer ; for by its aid the water is gradually
converted into steam,’and the heat imparted, over and
above that required fo bring the water to boil, is stored up
in the steam, from@hich it can be obtained back again by
merely condensing the steam so formed into water at 100°,
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A kilogram of water at 100° C. requires for its conversion
into steam at the same temperature 537 thermal units, or
degrees of heat. Hence the latent, or constituent, heat of
steam is said to be 537.

If water be heated in an iron boiler provided with an
escape pipe and safety valve, the steam being allowed to
pass by the escape-pipe into a condenser exhausted of
air—the steam thus escapes into empty space—and the
valve be loaded with a weight equivalent to 1:0333 kilo-
gram per square centimeter,* the water will be found to
boil when its temperature reaches 100° C., that is, when
the steam produced has sufficient elastic force (or tension)
to lift the valve, and thereby escape through the pipe
into the empty condenser.

By increasing the weight on the valve, the temperature
at which the water enters into ebullition is increased too :
thus, if the weight on the valve be doubled the water re-
fuses to boil till its temperature is raised to 120° C.; and
further, increase of pressure increases the temperature at
which ebullition takes place, while, on the other hand,
diminution of pressure diminishes the temperature of
ebullition.t

Here is a flask of boiling water: I corkit well whilst it
is still boiling, and by removing it
from the source of heat I stop its
ebullition. The flask now contains a
small quantity of water, and the re-
mainder of it is filled with the vapovs,,
of water. If now I condeuse ;
vapour, by pouring cold water on
neck of the flask (see Fig. 32), I tvin,
remove the pressure from the surfxer )’ﬂ -m,) jg

Fig. 32
quivgjop, to

* The standard atmospheric pressure (’766 ‘nm

1:0883 kilogram per square centimeter of surfu tbereo Uelghty of
t+ Advantage is taken of this fact in determ.

mountains by means of the boiling point of wate.
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of the water, which, you see, again boils, and even more
briskly than before.

It is, therefore, evident that the temperature at which
water boils is connected with the pressure on its surface.*

As water may be made to boil at almost any required
temperature, it is necessary to fix on some temperature as
a standard ; that chosen is the temperature correspond-
ing to the ordinary pressure of the atmosphere at sea-
level, viz. 760 m.m. of mercury. We may, therefore,
define the boiling point of water as follows :—

The boiling point of water is the temperature at which
the elastic force, or tension, of its vapour is equal to the
standard atmospheric pressure of 760 m.m. of mercury—or
1:0333 kilogram per square centimeter. The temperature
‘at which the elastic foree of the vapour of water is
equivalent to the pressure 10333 kilogram per square
centimeter has already been shown to be 100° C.

Waiter, although most rapidly converted into vapour at
the boiling point (the vapour is then called steam), gives
off vapour at all temperatures above zero, and by making
suitable arrangements for absorbing this vapour as fast as
it is produced, water may be frozen by its own evaporation.t
The vapour given off takes its constituent heat from the
water, and the rapid abstraction of heat finally freezes it.
Wollaston's Cryophorus and Carre’s Ice Machine are well
known arrangements for freezing water by evaporation.

An important property of water, which I had almost
forgotten to mention, is its great capacity for heat. With
the exception of hydrogen, its specific heat is higher than

* Water boils when the elastic force of its vapour is equal to the
pressure on its surface.

+ When the elastic force, or tension, of the vapour of water is less
than the pressure on its surface, vapour is given off only at the sur-
face, and the process is then called evaporation.
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that of any other known substance, or in other words
(hydrogen excepted) it is more difficult to heat or to cool
a given quantity of water than the same quantity of any
other body. Waiter is, therefore, admirably adapted for
cooking and other purposes where heat is required to be
retained for a considerable length of time.

Water is a neutral oxide, i.e. it has neither acid nor
basic action on litmus paper. It converts metallic oxides
into hydrates, as—

Na,0 4+ H,0 = 2NaHO,
and BaO+4H,0=Ba(HO),
Fe,0; 4+ 3H,0 = Fe,(HO),
while it transforms anhydrides into acids, as, for example,
N,O; 4+ H,0 = 2(HNO,) nitric acid.
P,0, + 3H,0 = 2(H,PO,) phosphoric acid.
S0, 4+ H,0 = H,SO, sulphuric acid.
Water probably unitesmolecularly with some bodies to form
certain kinds of hydrated compounds termed aquates, such
as the alums and other crystallized bodies containing
water of crystallization.

Hydrogen Peroxide.—QOxidised Water :—a remarkable
substance known as peroxide of hydrogen, or hydrozxyl,
was discovered by Thenard in 1818: its molecule is
represented by the formula H,0, or (HO),; and its
semimolecule (HO) is regarded as an important com-
pound radicle.* A dilute solution of hydroxyl may be
prepared by passing a current of carbonic anhydride
(CO,) through water containing barium peroxidet held in
suspension.

* The radicle HO, sometimes for convenience written Ho is an
important factor, if I may so call it, in the molecular formule of
many compounds, more especially soin the case of organic bodies,
thus hydroxylamine (NH,HO) is regarded as ammonia in which
one atom of hydrogen is replaced by the group hydroxyl HO.

t+ The barium peroxide is obtained by passing oxygen gas over
barium oxide (BaO) heated to redness in a porcelain tube.
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Ba0O,; + CO; 4+ H,0 = H,0, + BaCO,.

The H,0, dissolves in the excess of water, and the
solution is concentrated by evaporation over oil of vitriol
into a syrupy liquid of peculiar odour. This liquid is
readily decomposed iuto water and free oxygen; the
decomposition takes place even at 8o low a temperature
as 20° C.; it is therefore not easily obtained in a warm
climate.

2(H,0,) = 2(H,0) + O..

Like chlorine it acts as a powerful bleaching agent;
and like ozone it will oxidize the black sulphide of lead
(PbS) into white sulphate.

PbS + 4(H,0,) = PbSO, 4 4H,0.
A solution of hydrogen peroxide is sold as a hair-wash;
L ’nas the effect of turning dark-coloured hair to a golden
,/:s?-‘llow hue.

Water possesses the power of dissolving many substances, solid,
liquid and gaseous. The solvent power of water differs for different
bodies; and a knowledge of tha degree of solubility of bodies in

- water is of great value in the study of Analytical Chemistry. (See
Table H. Chapter X.)

A pound of cold water will dissolve 2 1bs. of sugar or 2 ozs. of salt
or 8 grains of lime. The solvent power generally increases with
increase of temperature ; thus boiling water will dissolve 16 times
more saltpetre than ice-cold water ; but as an exception to this rule,
iced water dissolves twice as much lime as boiling water.

When the foreign matters dissolved in a water are present in
sufficient quantity to impart a peculiar taste or smell, the water is
called & mineral water. There are many varieties of mineral
waters : the saline, as sea water and the water of saline springs ; the
alkaline, as the waters of Vichy; the acidulous, containing free
carbonic acid ; the sulphurous, containing sulphuretted hydrogen in
solution as at Harrogate; the chalybeate, containing salts of iron
in solution ; and siliceous*—waters.

* The Geysers of Iceland and New Zealand contain silica in
solution.
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Waters containing calcium and magnesium salts in solution are
termed hard waters, and when such waters are used for washing
purposes they waste & quantity of the soap before they allow it to
produce & lather (or suds)—owing to the stearic acid of the soap
forming insoluble stearates with the bases lime and magnesia.

Hard waters may be divided into two classes, namely, temporarily
hard and permanently hard water.

Calcium carbonate (CaCOy) and Magnesium carbonate (MgCOs),
held in solution by CO, dissolved from the air, cause what is known
as temporary hardness, as it may be removed by boiling. On boiling,
CO; gas is driven off, and then the originally dissolved calcium
carbonate, becoming insoluble, precipitates. In this way the fur of
kettles and scale in boilers are deposited.

Ordinary well-waters contain smallor quantities of mineral salts
in solution than the true mineral waters. The nature of the salts
contained in well-waters depends entirely on the nature and
solubility of the constituents of the rocks in which the wells are
sunk.

Wells in large towns or in the immediate neighbourhood o.
dunghills or cesspools are frequently contaminated by sewage, which
during slow oxidation is partly converted into nitrites and nitrates.
Hence the presence of nitrites, or an abnormal proportion of
saltpetre, in a water may be regarded as evidence of probable sewage
contamination.

Temporary hard waters are now softened on a large scale in water
reservoirs, &c., by the addition of lime-water; by which means
the newly-formed lime carbonate is precipitated along with the
carbonates (which were previously held in solution by the CO,)
now precipitated with the added lime. This is known as Clark’s
process.

Waters are said to be permanently hard when they cannot be
softened by boiling or by the addition of lime-water; such waters
usually contain sulphates and chlorides of calcium and magne-
sium, &c.

The addition of sodium carbonate (NayCOg) has the effect of
precipitating the earth bases contained in a hard water, while it
replaces the salts of calcium and magnesium by corresponding
salts of sodium, which do not waste the soap.

Very soft waters are capable of dissolving lead hydrate, which is

# Milk of lime is generally employed when large quantities of
water have to be dealt with.
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formed on the surface of lead pipes and cisterns exposed to the
action of the air. Hence, lead salts being poisonous, it is unsafe
to store soft water in lead cisterns, or to use lead pipes for its con-
veyance.

In mining districts salts of copper and arsenic are sometimes
found occurring in the natural waters of the district.

Waters may, therefore, become so polluted as to be unfit for
drinking and cooking purposes.

The amount of solid matters (chiefly salt) contained in sea water
is, practically speaking, very constant at considerable distances
from land surfaces. The average quantity of solids amounts to
about 36 grams per liter of water—the relative density of sea water
is 1:03.

The greater portion of the calcium and magnesium carbonates and
silica thrown into the sea by riversis used up by marine animals
and plants in building up their shells and skeletons.



CHAPTER XV.

NITROGEN.
N = 14; Density = 14.

Nitrogen was discovered by Rutherford in 1772, in the
atmosphere, as a substance incapable of supporting life
or combustion. Chaptal called it nitrogenm, in conse-
quence of its being an element of nitre, and Lavoisier
gave it the name azote* from its inability to support
respiration.

Occurrence.—It constitutes about four-fifths of the bulk
of atmospheric air; occurs in saltpetre, or nitre, from
whence it derives its name (nitre-producer), in coal, and
as an essential ingredient in the tissues of all animals
and of the generality of plants. So essential, indeed, is
nitrogen to animal tissue that an animal has been (chemi-
cally) defined as ‘an organic substance which contains
not less than three per cemt. of nitrogen.’” Casein,
albumen - blood and wurea are highly nitrogenous
substances formed in the bodies of animals fed on plants.
Plants obtain their nitrogen from the soil and atmo-
sphere.

Preparation.—Nitrogen may be separated from the oxy-
gen with which it is mechanically mixed in atmospheric

* From a, privative and {wn (20e) life ; this name is still employed
by the French.



CHAP. XV.] NITROGEN—PREPARATION. 177

air by causing the oxygen to combine with some substance,
as phosphorus, for which it has a strong affinity. This
is accomplished by enclosing, over water, a portion of
air in a bell-shaped glass jar containing a stick of phos-
phorus suspended by a piece of copper wire. The
phosphorus, gradually absorbing the oxygen of the air,
undergoes slow combustion, and after the lapse of some
hours all the oxygen present in the jar will have united
with the phosphorus, producing by their union, in the
presence of water, a compound known by the name
phosphorus acid (H;PO,), and leaving nitrogen in
the jar.

Nitrogen is more rapidly insulated from the oxygen of
the air by igniting a small piece of phosphorus on a
metallic cup (standing over water) and covering it with
a bell-jar full of air (Fig. 33). In this
case the necessary initial temperature
bhaving been imparted to the phosphorus,
rapid combustion ensues with the produc-
tion of phosphoric anhydride, (P,0,) which
in the presence of water forms phosphoric
acid (H;PO,). By allowing the jar to
stand in the water for some time, all the Fig. 33.
white fumes of phosphoric anhydride will
be absorbed by the water, which will rise in the jar to
fill the space originally occupied by the oxygen, leaving
nitrogen in a tolerably pure state in the upper portion of
the bell-jar. Its purity is increased by passing it
through lime-water, by which means it loses the carbonic
acid gas, which (being a constituent of the atmosphere)
was present in the air from which the nitrogen was
obtained. It may now be transferred into swaller jars
for the purpose of examining its properties.

Another method of obtaining nitrogen from air consists
in passing a stream of dry air over turnings of metallic

12
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copper, made red-hot in a tube of hard glass (ef, Fig. 34).
The copper while red-hot combines
with the oxygen of the air, forming
black oxide of copper, or cupric oxide,
while the nitrogen passes on and may
be collected in the pure state by passing
it through a solution of potash or of
caustic lime (to absorb carbonic gas).
Nitrogen may also be prepared from
raw meat, by heating it in a retort with

Fig. 84.
an acid. This process is more useful as a confirmation
of the statement that nitrogen is an essential ingredient
of antmal tissue than as a means of preparing it, since
it does not yield it free from impurities.

Nitrogen is also easily prepared by heating ammonium
nitrite NH,NO, (or NH,HNO,), which splits up into
water and pure nitrogen when strongly heated, thus—

NH,NO, = 2H,0 4+ N,

The ammonium nitrite may be readily prepared by
heating & mixture of potassium nitrite and ammonium
chloride.

Nitrogen is sometimes prepared by passing a stream
of chlorine gas through a solution of ammonia ; the
process is dangerous, in consequence of the tendency to
the formation of explosive oily drops, chloride of nitrogen
(NCl,), and therefore not to be recommended to beginners.
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Care should be taken to keep the ammonia in excess so
as to avoid the production of the explosive chloride of
nitrogen. The probable reaction is
8NH, + 3Cl, = 6NH,Cl + N,.

Properties,—Here is a jar filled with nitrogen gas ;
you observe that it is as colourless, tasteless and odour-
less as air. It is very sparingly soluble in water.* Its
chief characteristics are : its general inertness, and
apparent want of affinity ; in fact an absence of positive
qualities, i.e. it is better known by what it does not than
by what it does. For example—it does not support
combustion. For when I plunge this lighted taper into
the jar it goes out, and moreover (you may notice) that
the gas does not take fire, as hydrogen does, when a
lighted taper is immersed in it. Nitrogen is, therefore,
not only an extinguisher of ordinary combustion, but
also (itself) incombustible. It does not give a milky
appearance to lime water. It does mot support respira-
tion, for if a small animal be placed under a jar filled
with nitrogen, it will die very quickly. An animal may
be drowned in nitrogen gas as well as in water : for to be
drowned in water is merely to die-for want of free oxygen
to oxygenate the blood ; and animals die in nitrogen, not
from any poisonous action of the gas, but merely from its
incapability of oxygenating the blood. Nitrogen is some-
what lighter than air, which is about fourteen and a half
times as heavy as hydrogen. It has no action on litinus
paper, and does not readily combine with other bodies.
In fine, it may be said that nitrogen is most remarkable
for its weak affinities for other elements. It requires the
very highest temperatures to cause it to combine directly
with oxygen.

With respect to the combustion of the ordinary

* 100 volumes of water dissolve above 1'5 volumes of nitrcgen gas.
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materials used for fuel and illumination—coals, oils,
candles, &c.—gases may be divided into three classes :—

(1) Those which support combustion,—well exemplified
by oxygen.

(2) Those which do mot support combustion, but are
themselves combustible in air,—exemplified by
hydrogen.

(8) Those which meither support combusiion mor are
themselves combustible in air,—exemplified by
nitrogen.

Hence nitrogen (being the most abundant ingredient
of the atmosphere) moderates the influence of the oxygen,
or active agent, in the air we breathe.

Nitrogen—combined with hydrogen, and with hydrogen
and oxygen, occurs in minute quantities in the atmos-
phere—combined with hydrogen as ammonia gas (NH,),
and with hydrogen and oxygen as nitric acid (HNO,),
two compounds which may be regarded as the primary
sources of plant nitrogen. When flashes of fork lightning
pass through moist air, nitric acid is produced, which can
always be detected in the rain that falls during or
immediately after thunderstorms.

The thunderstorms that usher in the Indian monsoons
have, therefore, their beneficent, as well as their awe-
inspiring aspects. Thus in many parts of India the soil
from continued cropping, during thousands of years, has
become so exhausted of its nitrogenous ingredients as to
be entirely dependent on the monsoon for the acquisition
of that combined nitrogen, necessary for the season’s crop
of cereals.

Ammonia was first prepared by the Arabs from camel’s
dung near the temple of Jupiter Ammon, whence it derives
its name. This gas is now usually prepared by heating
sal-ammoniac (ammonium chloride) with lime, the
reaction being represented, thus :—

Ca0 4 2NH,Cl = CaCl, + H,0 + 2NH, (ammonia).
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The accompany-
ing figure repre-
gents the neces-
sary apparatus.
Even when mixed
in the palm of the
hand the pungent
fumesof ammonia
gas are readily
perceived.  The
dry gas extin-
guishes a taper,
but when mixed
with highly-
heated oxygen or
a sufficiency of
hot air, it takes
fire and burns
into nitric acid
and water. This
gas is extremely
soluble in water,
as may be illus-
trated as follows
(see Fig. 36).
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Nitric Acid, which also occurs in minute quantities in
the atmosphere, is prepared for use in the arts by distil-
ling oil of vitriol with nitre (saltpetre)—

KNO, 4+ H,80, = KHSO, 4 HNO, (Nitric acid).
On the large scale Chili saltpetre, cubic nitre (NaNO;),
is used instead of potassium nitrate, and by employing a
higher temperature a smaller proportion of acid is re-
quired.

2NaNO; 4 H,S0, = Na,S0, 4 2HNO,.

Nitric acid destroys the colour of a solution of indigo ;
it dissolves copper, silver, mercury, lead, and zine, &c.,
one or other of the lower oxides of mitrogen being at the
same time evolved. It stains paper, wood, and skin
yellow ; when mixed with HCI it dissolves gold ; it gives
a characteristic reaction with FeSO, 4 Aq, formiug a
red liquid (2FeSO,, NO) which, if boiled, gives off nitric
oxide, and the solution turns brown.

The relationship of these oxides to nitric acid may be
symbolically exhibited as follows :—
2 HNO, — (H,0) = N,O; Nitric anhydride
2 HNO, — (H;0+4-0) = N,0O, Peroxide of nitrogen
2 HNO, — (H,0+4-0,) = N,0, Nitrous anhydride
2 HNO, — (H,0+40,) = N,0, Nitric oxide
2 HNO, — (H,04-0,) = N,0 Nitrous oxide

The three higher oxides are regarded as anhydrides,
because they comnbine with water to produce acids—the
nitrous and nitric acids.

N0, + H,0 = 2(HNO,) Nitrous acid
N,0, + H,0 = HNO, 4+ HNO, Mixed acids
N,0; + H,0 = 2HNO; Nitric acid

As N,0, with water produces a mixture of both acids it

goes by the name of nitroso-nitric anhydride ; it is also
called the peroxide of nitrogen. The remaining two are
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neutral oxides. They are known as nitrous oxide N,0
and nitric oxide N,O, or (NO).*

Nitrous Oxide.—This oxide is most easily obtained by
heating ammonium nitrate (NH,NO,) in a flask provided
with & delivery tube and collecting the gas over hot water,
it being rather soluble in cold water :

NHNO, = 2H,0 4 N,0.

Here is a jar full of this gas ; it is colourless and odour-
less, its solution in water has rather a sweetish taste—
it is liquefiable under pressure, and when the liquid is
suddenly evaporated in vacuo a very low temperature is
obtained. The gas, apparently, supports combustion
well, but the feeble flame of burning sulphur is extin-
guished. It is, therefore, evident that the heat of the
burning body decomposes the N,O into its component
gases before the combustion ensues. This gas is some-
times called ‘laughing gas’ because of its producing
risible excitement when inhaled.

Nitric Oxide is usually prepared by bringing nitric acid
into contact with strips of copper in a flask fitted with a
delivery tube, when chemical action at once ensues even
without the aid of heat. The action of the copper on the
acid is represented thus—

Cu, 4 8BHNO, = 3Cu(NOQ,), 4 4H,0 4 2NO.

This gas is colourless, but on contact with free oxygen
(or air) produces orange red fumes owing to its readiness
to combine with oxygen in different proportions to form
either N,O, or N,O,. The red fumes usually consist of a
mixture of both these oxides. Nitric oxide thus becomes
a convenient test for free oxygen. Like the monoxide it
supports the combustion of such burningbodies as are kot

* NO corresponds to & two gas volume molecule, but the ratio of
constituent atoms is the same as in N3Oz For a similar reason
), should be written NOs.
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enough to decompose it beforehand. It has a neutral re-
action before mixing with air or oxygen, by which it is
converted into the acid forming bodies N,O, and N,O,.
These latter oxides are obtainable by mixing together
oxygen and nitric oxide in the necessary proportions as
follows :—

2 (N,Og) + O, = 2N,0,

(4 vols.) 4 (1 vol.) = (2 wols.)

N'JO‘J + Oz = Nuoa

(2 vols.) 4 (1 vol.) = (2 wols.)

The peroxide N,O, is also prepared by strongly heating
well dried lead nitrate—which is thus decomposed into
lead oxide, nitric peroxide, and free oxygen.

Pb(NO,); = PbO + N,0, + O.

Both of these oxides unite with bases to form salts—
the former mitrites and the latter mixed nitrates and
nitrites.

K,0 4+ N,0, = 2KNO,
K,0 4+ N,0, = KNO + K,NO,

Nitric anhydride is insulated with great difficulty by
acting on heated silver nitrate AgNO, with dry chlorine
gas—

2AgNO; + Cl, = 2AgCl + N,O, + O
it is an unstable, crystalline, white solid, which by contact
with water, immediately forms nitric acid—
N;O0; + H,0 = 2HNO,
The nitrates are all soluble in water.

PHOSPHORUS P = 31.
The nitrogen group of elements comprises, besides
nitrogen—
Phosphorus P = 31
Arsenicum As = 75 76 mean.
Antimony Sb = 122
and Bismuth Bi = 210
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Of these Phosphorus (and perhaps Arsenicum)* belongs
to the non-metallic division of the elements.

Phosphorus occurs in nature as a constituent of various
native phosphates, more particularly as calcium
phosphate, which forms the principal ingredient in the
minerals coprolite, phosphorite, apatite, &. It is also
an abundant constituent of the bones of animals.
Phosphates occur among the constituent minerals of the
primitive rocks, and hence also in the soils produced by
their disintegration. Plants take up phosphorus from
the soil in which they grow, and accumulate it in their
seeds : hence science directs that the soil should receive
phosphorus (in the shape of phosphates) as a special
manure for seed-bearing plants such as the various kinds
of corn (or cereals). And thus, the animal kingdom, by
feeding on the vegetable kingdom, obtains the supplies of
phosphorus necessary for its blood, bone and brain.

Properties.—Like oxygen and sulphur, phosphorus can
exist in different allotropic modifications. Common
(octohedral) phosphorus is & waxy-looking transparent
solid, soft and flexible at ordinary temperatures, and
possessing & slightly yellow tinge of colour. Phosphorus
is & very inflammable substance, oxidising on exposure to
the air, at first slowly, but increasing in rapidity of
oxidation with increase of temperature. This is the cause
of the luminous appearance it exhibits in a dark room,
from which circumstance it derives its name (¢as light,
and ¢épw I bear). In consequence of its great liability to
oxidation it should always be kept under water even when
manipulating with it.+

* Arsenicum will be described with the metals.

1 If this precaution be not attended to, dangerous burns may
result to the operator.
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Preparation.—Phosphorus, though originally obtained
from stale urine,* is now always prepared from bones.
The bones are first calcined ; the white powder (called
bone-ash) thus obtained is mixed with a sufficiency of
dilute sulphuric acid (about two-thirds the weight of ash
plus twice its bulk of water). The action of the acid on
the bone-ash, which latter is chiefly composed of tri-calcie
phosphate, may be represented as follows :—

Ca,(PO,); 4+ 2H,80, = CaH,(PO,), + 2Ca80,.

The hydrogen of the oil of vitriol replaces part of the
calcium in the tri-calcic phosphate, and thus forms the
acid phosphate of caleium CaH, (PO,); known in
commerce as superphosphate of lime.+t

The solution of this acid phosphate is poured off from
the precipitated calcium sulphate (Ca SO,), and evaporated
to dryness, after which the residue, being heated, to drive
off water, is transformed into calciumn metaphosphate
(CaPOy),.

CaH,(PO,); — 2H,0 = Ca(PO,)..
This metaphosphate is finally mixed with powdered char-
coal and heated strongly in an earthenware retort, to
which a copper tube is attached, by which the vapour of
the phosphorus, which distils over, is conducted into a
vessel containing cold water. The reaction is represented
as follows :—
3Ca(PO,), + 10C = Ca,(PO,), 4 10CO 4 P,.

In this way one-third of the phosphorus is still left
behind as tri-calcium phosphate. The whole of the

% The urine voided by a man in 24 hours contains on an average
about 8 grains of phosphoric acid. The urine of brain-workers
contains much more phosphoric acid than that of mere physical
labourers. Hence a phosphatic diet is sometimos prescribed for
brain-workers.

+ Owing to its ready solubility this superphosphate forms a highly-
valued manure, espocially for root crops and pastures.
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phosphorus, however, may be obtained by adding a
sufficiency of sand (silex, SiO,) to the mixture in the
retort, when the reaction becomes—

2Ca(PO,), + 10C + 28i0, = 2CaSiO, + 10CO + P,

The phosphorus is condensed in waxy-looking drops at
the bottom of the water. By heating the water, the
phosphorus melts, and it is then run (through wash-
leather) into glass or copper moulds, forming sticks, such
as may be purchased at any druggist’s shop.

‘Uses.—Phosphorus is used principally for making lucifer
matches, and also for the preparation of phosphoric acid
and in medicine. For the manufacture of matches red
(amorphous) phosphorus is now universally used. The
red modification of phosphorus is obtained by the pro-
longed heating of ordinary white phosphorus at tempera-
tures from 230° to 250° C.,—taking precautions to exclude
the air while being heated. Unlike ordinary phosphorus
it may bpe handled with impunity; and it is insoluble in
carbon disulphide, turpentine, and oil, liquids in which
the common variety more or less readily dissolves.

The fumes of phosphorus are very poisonous and are
very deleterious to the health of persons engaged in the
match trade: but with the introduction of amorphous
red phosphorus, the match manufacturer has gained a
new lease of life. Matches are now made which ¢ ignite
only on the box ’; such matches are usually tipped with
molten sulphur or paraffin, and then dipped in a paste
composed of a mixture of potassium chlorate (6 parts),
antimony sulphide (2 parts), and glue (1 part).

Red phosphorus (10 parts) and antimony sulphide (8
parts) are ground up with a sufficiency of glue, and spread
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on paper, which is pasted on the side of the box to form
the friction surface.

A thousand tons of phosphorus are annually used in
the manufacture of matches, and thus the soil is deprived
of a large quantity of phosphoric acid and, perhaps,
mankind of some brains.

Phosphuretted Hydrogen.—A remarkable compound of phos-
phorus and hydrogen, called phosphine or phosphuretted hydrogen, is
& basioc body perfectly analogous to the ammonia type (NH,). It is
obtained by heating a solution of caustic potash on phosphorus—

P, 4+ S8KHO + SH,0 = PH, + 8KH;PO,.

Corresponding chlorides, bromides and iodides also exist or can
be made.

Phosphuretted hydrogen has an offensive, garlic-like odour, and
inflames on passing into the air, producing fumes of phosphoric
anhydride (2HyP+ O3=P405;+8H,0) which rise in pretty rotating
rings, resembling gunner's rings frequently to be observed during
the firing of cannon. The spontaneous inflammability of this gas
is probably due to the presence of a trace of the vapour of liguid
phosphuretted hydrogen—another compound of phosphorus and hy-
drogen represented by the formula P,H,. This liquid compound, on
exposure to direct sunshine, deposits a yellow solid which is &
third compound of these elements heving the constitution P,Hy—

5PQH‘ = P‘Hg + 6PH3.

Phosphoric Anhydride (P;0;) is a white snow-like solid with
n groat affinity for water,* with which it combines in several propor-
tions according to the circumstances under which these bodies are
brought together. It is prepared by burning phosphorus in dried
air or oxygen.

Py4+ 05 = P,O; 1

* It is consequently much used for drying gases, for which pur-
poses it equals strong sulphuric acid.

4+ With an excess of phosphorus, low temperature and an insuffi-
cient supply of air a lower oxide P,0g is formed ; this, by combin-
ing with water, forms phosphorous acid (HzPO,), which on being
strongly heated, breaks up into phosphuretted hydrogen and ortho-
phosphoric acid.
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When the solid anhydride is thrown into water it hisses violently
while entering into combination with the water. It forms three
distinct hydrates by combining with different proportions of water,
and these are known as varioties of phosphoric acid.

Phosphoric Acid.—The three varieties of phosphoric acid
are :—
Meta-phosphoric acid HPOg
Pyro-phosphoric acid H,P30,
Ortho-phosphoric acid HgPO,
and, theoretically speaking, they may be regar.ed as formed by the
combination of phosphoric anhydride (P,O;) with successive
molecules of water. Thus:—
Py0s + H 0 = 2(HPOy)
P05 + 2(H;0) = H,P,0,
P05 + 8(H,0) = 3(H4PO,)
Thus it appears that metaphosphoric acid is monobasie, pyrophos-
phoric acid tetrabasic, while orthophosphoric acid (the ordinary acid
met with in combination with bones, &c.) is ¢tribasic.

Orthophosphoric acid is the only really stable compound of the
three ; for solutions of meta- and pyro-phosphoric acids are converted
into the ortho-acid on boiling with a sufficiency of water; even the
cold solutions undergo a similar change on keeping for some time.
The ortho-acid can be obtained by the action of dilute nitric acid on
phosphorus—

Py + 5HNOg + 2H,0 = 8(H,.0,) + 5NO.

Metaphosphoric acid is obtainoed by dissolving in small quantitics
of water the freshly-prepared phosphoric anhydride, obtained by
burning phosphorus in air or oxygen. If the solution thus obtained
be boiled for some time with excess of water, the metaphosphoric
becomes converted into orthophosphoric acid.

Pyrophosphoric acid can be obtained, as its name implies,* by
heating ordinary phosphoric acid to 220° C. It is more commonly
prepared by decomposing the pyrophosphate of lead with sulphuretted
hydrogen :—

Pv+,P,0; + 2H,S = HP;0; + 2PbS.

These three varietios of phosphoric acid can readily be distin-

guished from one another by their peculiar behaviour with silver

* From pyr, fire.
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nitrate and albumen (white of egg). A solution of metaphosphoric
acid coagulates albumen and gives a white precipitate with nitrate
of silver. Pyrophosphoric acid does not coagulate albumen, and
gives no white precipitate with silver nitrate (unless neutralised).

Orthophosphoric acid does not coagulate albumen, and it gives a
yellow precipitate with nitrate of silver solution.

Familiar Nitrates.

Hydric nitrate ........ Nitric acid............ HNO,
Sodic nitrate .......... Cubic nitre, Chili salt- Nn.NOa
petre
Potassic nitrate ...... Nitre, Saltpetre, Sal| KNO,
prunella, Bengal salt-
petre
Ammonic nitrate ...... | = ........ AmNO,
Argentic nitrate ...... Lunar caustic ........ AgNO,

Familiar Phosphates.
Monosodium phosphate | Acid  phosphate  of NaH,PO,

sodium
Common sodic phos- | Hydric disodic phos-| Na,HPO,
phate phate (Neutral phos-
phate)
Trisodic phosphate .... | Basic phosphate ...... NayPO,
Sodium ammonium : L
Hydrogen phosphate } Microcosmic salt ...... | NaNHHPO,
Silver phosphate ...... | Yellow phosphate of Ag,’O,
silver |
Silver metaphosphate .. W}}}te phosphate of AgPO,
silver
Magnesium ammonium | ... MgNH,PO,
phosphate.
Tricalcium phosphate.. |  ........ Cay(PO,),

Monocalcium phosphate | Superphosphate of lime CuHy(I’V,)g



CHAPTER XVI.

CARBON.
Tetrad, Civ = 12,

Carbon, in combination with oxygen, enters the atmo-
sphere as a result of the action of animal life: it will
therefore be necessary to know something of carbon and
ite oxides before we commence to discuss the chemistry of
air more fully.

Occurrence.—Three varieties of carbon occur free, or
uncombined, in Nature. These varieties are known by
the names Diamond, Plumbago, and Anthracite, or coal.

It occurs, however, most abundantly in a state of com-
bination with oxygen and with hydrogen. With oxygen
it forms carbonic anhydride, which is found in the
atmosphere, and which forms 44 per cent. of all pure
limestones, chalk, marble, corals, &c. In union with
hydrogen it forms the main constituent of bituminous
coal; it is also an essential ingredient of plants and
animals.

Each of the three native forms of carbon is charac-
terized by properties peculiar to itself.

Diamonds are usually found as transparent crystals,
which are gcenerally destitute of colour; sometimes,
however, they are covered with & thin opaque crust.

The density of the diamond, referred to water as unity,
is about 3'5. The diamond is the hardest known
substance, and for this reason is used for cutting glass
and (in powder) for cutting and polishing the gem itself.
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With one exception,* it possesses a higher power of
refracting light than any other body. It has also a most
brilliant lustre. It is a bad conductor of heat and
electricity. It is combustible in oxygen with the pro-
duction of carbonic anhydride (carbonic acid gas), a
property which is common to all varieties of carbon.

The diamond is chiefly used as a personal ornament,
and for this purpose it is cut by lapidaries into shapes,
which are known by the names rose and brilliant. The
rose is flat below, and is cut above so as to exhibit 24
facets. The form of the brilliant is the same, but it is
domed below as well as above, and is similarly cut on the
two surfaces. When cut and polished a diamond weigh-
ing 1 caratt is valued at about £8, and its price augments
as the square of its weight until this latter reaches about
20 carats; above this weight its price rises in a much
quicker ratio. Diamonds are generally found in the
alluvial débris of the primitive stratified rocks.

Diamonds come mostly from Borneo, Brazil, and Cape
Colony. In this country (India) they are found in a
sandstone known as the diamond sandstone, which occurs
in the southern parts, chiefly between Masulipatam and
Hyderabad, where the celebrated Kohinoor was dis-
covered.

“The Kohinoor, or ¢ Mountain of Light,” became the
property of the Queen of England on the annexation of
the Punjab in 1850. It is reputed to be 4,000 years
old, and it is certain that in 50 B.c. it belonged
to the Rajah of TUjayin, and remained in the
possession of his successors until the Mahomedans
conquered India. The Kohinoor is mentioned by
Tavernier, A.p. 1665, as the property of the Great Mogul.

* Lead chromate. t 1Carat = 3} grains,
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Its original weight was 703 carats, and it has been
reduced by repeated cuttings to its present weight,
which isonly 1032 carats. It is thought that the original
rough form of the Kohinoor was that of a rhombic dodeca-
hedron, and that this great mass was broken accidentally
into three parts, forming the Kohinoor, the Russian
diamond, and the Doriancor or ‘ Ocean of Light.' The
Russian diamond weighed 194 carats, and was sold for
£90,000 and an annuity of £4,000. The Kohinoor and
Dorianoor formed part of the plunder seized by Nadir
Shah at the taking of Delhi in 1739, when the treasures
carried off exceeded £70,000,000 in value.”*

Plumbago (called graphite from being used for writing
purposes) is found native in several parts of the world,
but the best kind comes from Borrowdale in Cumberland,
where it occurs in trap rock. Its colour varies from
black toiron-grey; it has a metallic lustre, and makes a
black mark on paper, and under the erroneous name of
black-leadt is used for making pencils; the coarse kinds
are used for polishing stoves, &e., and (in powder) for
diminishing friction between the parts of machines. It
contains a trace of iron, in combination with some of its
carbon as carbide of iron, and is therefore not so pure as
the diamond, which is almost free from any impurity.
Indeed, were it not for the fact that both combine with
oxygen to produce the same compound (carbonic anhydride)
it would be difficult to believe that the diamond and
plumbago are one and the same substance. Unlike the
diamond, however, it is a good conductor of heat and
electricity.

Anthracite is a variety of coal which contains no
bitumen (an inflammable material chiefly composed of

* Haughton, ¢ Kingdoms of Nature.’
t The name is erroneous, as plumbago contains no lead whatever.

13
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of which gives to animal charcoal a greater power of
removing the colouring matter from liquids than is
possessed by ordinary wood charcoal; this variety is
consequently used for such purposes by sugar refiners.
This property of animal charcoal may be well illustrated
by throwing some of it into the blue liquid you see in
this glass (water coloured blue by sulphate of indigo) and
filtering it, to separate the liquid portion from the solid
charcoal. You observe that the filtrate (i.e. what passes
through the filter) is perfectly colourless, like water.

Animal charcoal being made from bones is frequently
called bone-black and iwory-black (having been originally
made from ivory).

Another variety of charcoal is well known as lamp-
black: it is obtained by burning hydrocarbons (as turpen-
tine, rosin, &e.); it is also deposited from the smoke of
lamp flames, hence its name. Lamp-black is used as a
paint, and when mixed with soap and linseed oil forms
printing ink.

Soot is an impure variety of carbon resembling lamp-
black.

Charcoal is commonly thought to be antiseptic (that is,
possessed of properties which prevent decay), in proof of
which it is stated that water may be kept in drinkable
order for a long time in wooden vessels which have been
charred on the inside, and that meat may be kept sweet
for a considerable time by covering it with powdered
charcoal. Although such statements be perfectly true,
yet the manner in which charcoal acts is quite the
opposite to that which is popularly supposed: for these
effects are due to the power of absorbing gases which
charcoal possesses in & high degree. A given volume of
charcoal absorbs about nine times its bulk of oxygen gas ;
and, thus condensed, oxygen has a very powerful affinity
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for the decaying organic matter occurring in stagnant
waters and putrid meat. The effects (those just men-
tioned) of charcoal on water and meat are caused
by the oxidating action of the absorbed oxygen, which,
combining with the odoriferous organic matter, renders
it harmless by resolving it into carbon dioxide and water.
The decomposition is, therefore, hastened instead of
retarded, as is implied by the term antiseptic.

According to experiments conducted by Saussure, at
the ordinary atmospheric temperature and pressure :—
1 vol. of boxwood charcoal absorbs 90 vols. of Ammonia.

85 ,,  Hydrochloric acid.
65 Sulphur dioxide.
55 Hydric sulphide.
35 Carbon dioxide.

9 Oxygen.

Cocoanut charcoal absorbs considerably more than that
made from boxwood ; according to Hunter one volume of
cocoanut charcoal absorbs eighteen volumes of oxygen.

The absorbed gases are evolved when the charcoal is
heated.  Charcoal filters are, therefore, easily cleansed
by giving the charcoal a red heat.

Heaps of charcoal occasionally take fire spontancously ;
such a phenomenon being most probably caused by the
slow combustion of the carbon with the oxygen condensed
in its pores. The condensation of the gas probably
producing (as in the case of spongy platinum) sufficient
heat to start the combination by a slow process, which
finally yields the necessary amount of heat for their
rapid combusticn.

Charcoal, like hydrogen, is capable < reducing metallio
oxides, and is often employed for tnat purpose. Carbon
unites directly with oxygen; you have seen it do so
with brilliant combustion on a former occasion, when I
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plunged a reddened piece of it into & jar of oxygen, the
product being carbon-dioxide—
C+ 0, = CO,

The corbustion of the diamond, graphite or charcoal,
in oxygen, yields this compound, and for every 12 grams
of pure carbon go burned, 44 grams of carbon-dioxide are
produced, with the development of 97 units of heat.*
Carbon is partly liberated from its combination with
the oxygen in carbonic anhydride by contact with
ignited potassium or sodium—

3C0O; + K, = 2K,CO, + C.

As carbon has never been wolatilized, its experimental

vapour-density has not been ascertained.

SBILICON. Bi = 28.

Silicon is the only other non-metallic element belonging
to the tetrad (or carbon) group of elements. This group
contains Carbon, Silicon, and Tin—

C=12 Si=28 Sn=118

Occurrence.—Silicon, though next to oxygen the most
abundant constituent of the earth’s crust, is not found
free in nature. It always occurs in combination with
oxygen, chiefly as silicon-dioxide, or silica (8i0;). This
substance (Si0,) when it occurs in the ctystalline
condition is called quartz, rock crystal, &e. ; and when
in the amorphous condition it is known as calcedony,
flint, &c. Many of the precious stones, as amethyst, agate,
carnelian, onyx, &ec., are composed of silica ; opal is a
hydrated form of silica.

Silica, or Silicon-dioxide, is really the anhydride of--
Silicic acid (H,Si0,) :—for

(Silivic aecid) -~ (Water) = (Silica)
HSiC, — 2H,0 = 8i0,

* A kilogram of carbon when burnt completely in oxygen yields
8,080 units of heat.
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and when combined with bases it forms the largest
and most important class of minerals—the Silicates—
which enter into the composition of rock formations.
Even ordinary clay is a more or less pure silicate,—pure
clay (or kaolin) is silicate of alumina (Al,0,28i0,, 2H,0),
and therefore bricks, pottery, china and glass, which are
composed chiefly of clay and sand, also come under
the head of silicates.

Preparation.—Silicon itself can be obtained in the two
conditions, amorphous and crystalline ; it is, however,
seldom prepared (except for curiosity), as it serves no
.useful purpose in the Arts. The amorphous variety may
be prepared, as a dull brown powder, by fusing potassium
silico-fluoride (K,SiF;) with either of the alkali metals,
potassium or sodium— '

K,SiFs + K, = 6KF 4 Si.

Crystalline silicon is obtained in lustrous black
hexagonal plates by fusing the silico-fluoride (K,SiF,)
with the metal aluminum, and afterwards dissolving out
the metallic aluminum with hydrochloric acid.

Properties.—Amorphous silicon is combustible in air or
oxygen, forming the dioxide (SiO,), usually termed silica.

Tne most remarkable property of silicon, as well as of
its oxide silica, is the power of resisting the action of
all acids except that of hydrofluoric (HF), and this
acid converts it into the gaseous body (SiF,), tetra-
fluoride of silicon. This action of hydrofluoric acid on
silica is represented thus—

8i0, 4 4HT = 8iF, 4+ 2H,0.

It explains how HF acts on glass vessels by flying
away with the silicon of the glass as SiF,.

This gaseous body, SiF,, when conducted into water
undergoes & reaction witti the water by which silica is
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separated in a gelatinous condition, while a solution of
Hydro-fluosilicic acid is left in the water. The jelly is
composed of silicic acid.

38iF, 4+ 4H;0 = H,SiO, + 2(H,SiF,)

This acid (H,SiF,) in solution is frequently used in
analysis to distinguish between soluble compounds of
potassium and sodium, as it gives a glairy gelatinous
precipitate with the former, but not with the latter
class of compounds.

The barium salt is insoluble in water and dilute acids ;
and for this reason fluo-silicic is liable to be mistaken
for sulphuric acid. Silico-fluorides are, however, easily
distinguished from sulphates by the readiness with
which they yield hydrofluoric acid (which etches glass)
when treated with strong oil of vitriol, thus—

K,SiF; 4 H,80, = K;80, 4+ 2HF + SiF,

From a solution of the silicates of potash or soda
(water glass) gelatinous silica is precipitated on the
addition of a strong acid (HCl, HNO, or H,SO,).

Na,8i0, 4 4HCl = 4NaCl 4 H,SiO,

BORON. B = 11.

Boron is an element of peculiar analogies ; for though
a triad, and therefore not properly belonging to the
carbon group, it bears such striking resemblances to
silicon and carbon that it is best considered in conjunc-
tion with these elements.

Occurrence.—Like silicon, boron is nowhere found free
in nature, it occurs only in combination, and chiefly with
oxygen and sodium as boric (boracic) acid, and as borax
(tincal) ; the former is found in the hot water lagooxs of
Tuscany, and the latter occurs in Thibet as an efflor-
escence on the soil. Boron also occurs in minute quantity
in some rare minerals, such as vwarmaline, &c.
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Preparation.—Boron is obtained by a process exactly
similar to that adopted in the preparation of silicon :
boro-fluoride of potassium is fused with metallic potas-
sium—

2KBF, 4 K, = 8KF - B,

It may also be prepared by igniting boric anhydride

(B;0,) with sodium, thus—
4B,0; + Na, = 3 (Na,0, B,0,) 4+ B,.

Properties.—Thus prepared, boron is an amorphous
olive brown powder which soils the fingers, but like silicon
it assumes the crystalline condition when fused with
aluminum. Boron also assumes & condition known as
graphitoidal, i.e. resembling the lustrous scales of graphite.
Graphitoid boron is obtained by passing the terchloride
of boron (BCl,) over fused aluminum—

Al, 4+ 2BCl, = ALCl, + B,

The boron dissolves in the excess of aluminum, which
is itself subsequently dissolved out by caustic soda. The
only important compounds of boron are boric, or boracic,
acid (H,BO,) and borax (Na,B,0, 10H,0), both of
which compounds are much used in blowpipe experiments.
Compounds of boron impart a peculiar green colouration
to the flame of a spirit lamp. Boracic acid solution gives
a brownish red colour to yellow turmeric paper, after
drying. Borax, owing to its great power of dissolving
metallic oxides at high temperatures, is much used for
cleaning the surfaves of metals in the art of soldering,
and for making artificial gems before the blowpipe.

Boron forms a gaseous compound with Hydrogen
(BH,) of similar constitution to ammonia (NH,) and
phosphuretted hydrooen (PH,), which is strong evidence
in favour of viewing Boron as a member of the nitrogen
group of elements.



CHAPTER XVII

THE OXIDES OF CARBON.

Carbon forms ouly two compounds with oxygen: they
are carbon-diozide or carbonic anhydride (commonly called
carbonic acid gas) CO,, and carbon-monoxzide, or carbonic
oxide, CO.

CARBON-DIOXIDE.*
Molecule, CO, = 44; Density = 22.

Ocourrence.—In the free state it occurs in the atmo-
sphere, being evolved from volcanoes, from the lungs of
animals during respiration, and from the combustion of
fuel ; it is also evolved from plants during the night. In
combination with lime it forms (as already mentioned)
upwards of 40 per cent. of limestone, marble, corals and
the shells of marine animals.

Preparation.—It is most easily obtained from calcium
carbonate, in which it may be said to exist ready made,
by the action of hydrochloric or sulphuric acid.

The materials generally used in the laboratory are
white marble or chalk and hydrogen chloride (hydrochloric
acid). The marble or chalk is put into a gas-generating
bottle (Fig. 37) with some water, and strong hydrogen
chloride is dropped in occasionally, so as to keep up a
brisk disengagement of the gas; it is best collected by
upward displacement of air, i.e. by bringing the end of
the delivery tube to the bottom of a gas jar or bottle, and

* The dioxide, commonly called ‘carbonic acid gas,’ being &
natural compound, we shall begin with it.
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covering it loosely with & card; the carbon-dioxide being
heavier than air falls to the bottom, and displaces the
air upwards.

Fig. 87.

The action of hydrogen chloride on calcium carbonate
is represented thus—

CaCO, 4+ 2HCI = CaCl; 4 H,0 + CO,.

The products are calcium chloride (CaCl), water
(H,0), and carbonic anhydride (CO,). It may be freed
from watery vapour by causing it to pass through a tube
packed with fragments of quicklime or other desiceating
substance. When required for making soda-water it is
usually prepared from chalk and hydrogen sulphate
(sulphuric acid) diluted with a'out ten times its bulk of
water. Any carbonate will part with its carbonic acid
gas when brought into contact with a strong acid*—such
as hydrochlorice, sulphurie, or nitrie.

Having filled a few bottles with the gas, we may pro-
ceed to examine its properties.

Properties.—Carbon.dioxide, or carbonic anhydride, is a
gas devoid of colour, and hence as invisible as air. It pos-

* Hence when effervescence takes place on the addition of an
acid it generally indicates a carbonate, unless the escaping gas emits
a peculiar odour.
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sesses other properties, however, by which it may be
readily distinguished from air. The following are its
principal characteristic properties :—

It extinguishes a lighted taper : you will observe, when
I immerse a lighted taper in a bottle full of it, that the
taper will be immediately extinguished.

It is very dense, being about 1°52 times as heavy as
air. This property may be demonstrated by pouring
some of the gas over an ignited
taper. I take & jar full of this
gas, and pour it (as I would water)
down on the wick of the taper;
you see I have now done so, for
the taper is extinguished; or, I
may take another jar of the gas
and empty its contents—carbonic
acid gas—into a jar (Fig. 38) con-
taining aironly. In this case the
carbon dioxide falls through the
air into the jar, at the same time
displacing (upwards) the air from
the jar, That it really has been Fig. 88.
poured into this jar I will now
prove to you. Here is a lighted taper, and if there be
carbonic anhydride in this jar (the one which just now
contained air only) the taper will be extinguished when I
plunge itinto it. There! you see the taper goes out. I
may further illustrate the great density of carbonic anhy-
dride by floating a small balloon or soap-bubble on its
surface in a large jar.

It is soluble in water to the extent of one volume of
the gas to one volume of water, and in common with
other gases, it is absorbed in the same ratio when in a
compressed state ; it imparts an agreeable sharp or acid
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taste to water, well-known to those who drink soda or
other aérated waters.

When dissolved in water it reddens (slightly) blue litmus
paper, and moistened blue litmus paper isreddened (wine-
red) when introduced into a jar of the dry gas; the blue
colour of the paper is restored when its moisture is evap-
orated. Carbonic anhydride, therefore, becomes an acid
when dissolved in water* ; the formula assigned to a
solution of it in water is—

H,CO, (= H,0 4 CO,).

It imparts to clear lime-water a milky appearance.
This is caused by the carbon dioxide entering into com-
bination with the lime, thereby producing ecalcium
carbonate or chalk (the same substance from which it
was liberated in the first instance by the action of an
acid), which is insoluble in water, and hence gives it a
milky appearance ; if allowed to stand for a time, the
solid carbonate of calcium will fall to the
bottom, and leave the water clear above. @
This property is shown thus :—Here is a
jar of the gas, and here some lime-water, @
which I now pour into the gas, and,
covering the jar with a glass plate (Fig.

39), I shake it up, gently first, and after-
wards rather briskly. You see now the
water presents a milky appearance. This
lime-water is the common test for, or
witness to, the presence of carbon-
dioxide. Fig. 89.

It does mot support animal respiration. A mouse or
other small animal, introduced into a jar of it, dies
almost immediately.

Carbon-dioxide does not extinguish the flame of a taper

* This fact accounts for the name carbonic acid gas which is so
frequently applied to this compound.
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for the same reason that hydrogen and nitrogen do, i.e.
by excluding oxygen, for carbon-dioxide itself contains a
large quantity of combined oxygen, and even when mixed
with a good share of free oxygen it (carbon-dioxide) will
extinguish the flame of a taper. It exerts a poisonous
action, 80 to speak, on combustion, similar to its action on
animal life.* Thus from 4 to 6 per cent. of carbonic
anhydride in air is sufficient to poison (or extinguish)
animal life, and, as we would naturally expect, a larger
percentage is required to extinguish the flame (or life) of
a candle, which is produced by rapid combustion ; if the
air contained 14 per cent. of carbonic anhydride, & candle
would cease to burn init.

If we were to make an artificial atmosphere with
carbon-dioxide, and the same quantity of free oxygen as
is found in the natural one, in which man can live and
candles burn with facility, the life of a man, as well as
that of a candle, would be an impossibility. I shall now
make a specimen of such an atmosphere, and show you
that it will extinguish alighted candle or taper, and
therefore would also extinguish your lives—do not look
frightened, as I am not going to experiment on any of you.

For this purpose I mix together (by transference over
the pneumatic trough) four volumes of carbonic anhy-
dride and one volume of oxygen. Here is the mixture,
and if I now plunge a lighted taper or candle into it you
will see it go out. There, it’s gone ! Carbonic anhydride
is, consequently, said to be neither a combustible nor a
supporter of combustion; and though this statement be
true with reference to the ordinary materials used for
fuel and illumination (coals, candles, &c.), yet it is not

* The process by which animal respiration (on which life
depends) is carried on is & kind of slow combustion—i.e. combustion
without light, and is called eremacausis.
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absolutely true, as may be experimentally demonstrated as
follows :—

Here is some of the metal magnesium in the form of a
ribbon. I take a piece of this and fasten it to a cork
which exactly fits this large deflagrating jar, full of
carbonic anhydride. Now holding this piece of ribbon
magnesium in the flame of a lamp till it begins to burn
brightly, I then plunge it into the jar of gas; you will
now observe that the carbon-dioxide supports the combus-
tion of magnesium wire, which burns most brilliantly in
it—with the produection of (those white flakes) oxide of
magnesium, carbon at the same time being separated, or
set free, as a consequence of oxygen which was originally
combined with the carbon having left it for the magne-
sium. Those black particles you see are carbon : they
may be collected by adding to the oxide of magnesium
water, acidulating the mixture with hydrochloric acid
and filtering ; the carbon, being an insoluble body, is left
on the filter.

Hydrogen, too, has been called an extinguisher of
combustion, still a jet of oxygen may be burned in an
atmosphere of hydrogen.

We may, therefore, conclude that combustion is a
phenomenon which results from the chemical action of one
substance upon another, and this, we know, is always
accompanied with the evolution of heat, and frequently
of light.

Carbonic anhydride is evolved during the respiration
of animals in large quantities. About 4 per cent. of the
air we exhale consists of carbonic anhydride. I will now
show you that expired air contains carbonic anhydride. As
lime-water is the common test for this gas, if I pass some
expired air through lime-water by means of a tube(ezhaling
the air that has doneits work inmy lungs through the tube,
and inhaling fresh air through my nose)the clear lime-water
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ought to become milky if the exhaled air contain carbonic
anhydride—wait a bit—there it is ! You observe that the
liquid which was quite clear and sparkling a minute ago,
has now a milky appearance, owing to the formation of
an insoluble fine white mud,—precipitated calcium car-
bonate (CaCOz)—which proves that carbonic anhydride
is present in the air which escapes from my lungs during
respiration: and the same is true of you and of all
breathing animals.

Let us now try what effect an additional quantity of
carbonic anhydride will have on the calcium carbonate
formed in the last experiment. Continuing to pass
carbon-dioxide (from the generating bottle) through the
now turbid liquid, for some time after all the calcium has
been precipitated as carbonate, I restore the liquid to its
original clear and sparkling condition. The precipitated
caleium carbonate is dissolved by the excess of carbon-
dioxide, which converts the imsoluble* carbonate into a
soluble salt called hydro-calcium carbonate, also named
bicarbonate of calctum. If,now, Iheatthis clear solution, it
again becomes turbid owing to the added carbon-dioxide
evaporating with the water,—the snsoluble carbonate
being again left behind. @ Water impregnated with
carbonic acid gas dissolves the insoluble carbonate, and
this dissolved carbonate is found in the waters of all lime-
stone districts. During ebullition the excess of carbon-
dioxide is driven off, and there is left the insoluble
carbonate which forms those troublesome incrustations so
often found in boilers and kettles. Even by exposure to
sunshine the excess of carbon-dioxide is evaporated, and
consequently the soluble becomes converted into the n-
soluble (crystallized) carbonate of calcium. This process

* The term insoluble without qualification means insoluble in
water alone,
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is continually taking place in Nature wherever streams
of water containing the dissolved earbonate are exposed
to the air, the deposit being ecalled Calcareous Tufa when
it occurs as a porous mass with cellular structure, and
Travertine when its structure is compact. The latter
variety occurs abundantly in Italy, where it is used as a
building stone.* The stalactites and stalagmites, which
are found in limestone caves and arches, originate in a
similar way.

Green plants are endowed with the power of decompos-
ing carbon dioxide,
that is, of separating
it into its elementary
constituents, carbon
and oxygen. The
carbon is retained and
assimilated by the
plants, the oxygen
beingsetfree. The pro-
cess of decomposition
is carried on only in
the presence of sun-
light ; during the
night this process of
assimilation ceases.t

This  remarkable
power possessed by
plants of splitting up
carbon-dioxide, ab-
sorbing its carbon and
setting free its oxygen,

Kig. 42.
% The celebrated temples of Rome are constructed of Travertine.
+ The respiratory process by which plants, like amimals, take in
oxygen and exhale carbon-dioxide goes on at night as well as by day,
but in day-light the carbon-dioxide thus given out is at once decom-
posed and its carbon assimilated, while its oxygen is eet free.
14
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may be experimentally illustrated by putting this freshly
cut plant( with green leaves) into a tray of water and cover-
ing it with a large jar of water saturated with carbonic acid
gas, and then exposing the whole apparatus to the light
of the sun. As it requires several hours’ exposure to the
sun to obtain the test-tube half full of oxygen by the pro-
cess of decomposition, the experiment cannot be com-
pleted during our lecture hour. My assistant will now
place it in the garden, and if you will come back here
after the lapse of a couple of hours, I expect I shall be
able to show you that the gas which will then occupy the
test-tube will have properties different from those of the
gas which now occupies it,* and, instead of extinguishing
a taper, as the gas now there would do, will then cause
the taper to burn more brilliantly ; it will also lose its
property of giving a milky appearance to lime-water ; in
fact, instead of carbon-dioxide, we shall then have
oxygen in the tube.

Under & pressure of 35} atmospheres at the temperature
0° C., carbon dioxide gas is converted into a clear liquid,
similar in appearance to water. When the pressure is
removed from the liquid, a large quantity of it suddenly
becomes vapour, and the cold produced by the evapora-
tion freezes the remainder into a snow-like crystalline
solid, having a temperature of about — 78° C. This solid,
when dissolved in ether, is used as a freezing mixture for
bodies which require a great reduction of temperature to
make them solidify. Such a mixture is one of the most
powerful means yet discovered for the production of cold
(i.e. for the abstraction of heat). A temperature as low
as —110° C. can be obtained by the volatilization of solid

* Though the tube is full of water, it is also full of carbonic acid
gas, for water dissolves its own volume of this gas.
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carbonic-dioxide and ether within the exhausting receiver
of an air-pump.*
CARBON-MONOXIDE.
Molecule, CO = 28 ; Density = 14.
Carbon-monoxide (or carbonic oxide) does not occur in
Nature; it is altogether an artificial product.

Preparation.—This gas is easily prepared from carbon-
dioxide, either by removing half its oxygen, or by causing
it to combine with an additional quantity of carbon.
Thus—

The first process may be illustrated by passing a stream
of well dried carbon-dioxide through a red-hot iron tube ;
the iron while hot deprives the carbon-dioxide of half its
oxygen, and consequently converts it into carbon-
monoxide. The decomposition which takes place is
shown by the following equation :—

4005 + Fea == Fego‘ + 4COn

The second process is best illustrated by passing dry
carbon-dioxide over red-hot charcoal contained in an iron
tube, like a gun-barrel. In this way each molecule of
carbon-dioxide parts with half its oxygen, which uniting
with an atom of carbon forms a new molecule of carbon-
monoxide. Thus—

CO, + C = CO 4+ CO, (= 2C0).

Carbon monoxide is, however, usually prepared for ex-
perimental purposes in the laboratory by heating hydrie

% The lowest temperature yet observed (viz.— 140 °C.) was obtained
!bix evaporating solidified nitrous oxide dissolved in carbon-bisul-
phide under the exhausting receiver of an air-pump.
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sulphate (sulphuric acid) on ecrystallized oxalic acid,
C,H,0, = (C,0,H;0). The hydric sulphate deprives the
oxalic acid of a molecule of water H,O, leaving C,0,,
which cannot exist in the separate state, and therefore
splits up into carbon-dioxide and carbon-monoxide—

C,0; = CO4 4 CO.

By shaking up the mixture with a solution of caustic
soda or potash, the carbon-dioxide is removed in the form
of carbonate of sodium or carbonate of potassiuin, and the
monoxide alone is left behind.

Here are some jars full of the gas; it was prepared by
the method just
described,and col-
lected free from
carbon-dioxide by
passing the mixed
gases through a
wash-bottle con-
taining a solution
of caustic potash
(see Fig. 41).

Properties.—You perceive that it is colourless, and
almost odourless ; it has a poisonous action, like that of
carbonie anhydride, on the animal economy—producing
death if inhaled. It is even more poisonous than carbonic
anhydride. A burning taper is, you see, extinguished
when immersed in & jar of this gas; but, like hydrogen,
it burns* at the surface or where it is in contact with air.
The colour of its flame is light blue. When mixed .with

* Producing carbon-dioxide.
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half its volume of oxygen and ignited, it explodes with a
sharp report, producing the dioxide, CO,.

In consequence of its strong affinity for oxygen, it forms
a powerful reducing agent, and is employed as such in the
large furnaces for reducing iron ore. The air being freely
admitted at the bottom, the carbon of the burning coal is
converted into carbon-dioxide, which in ascending through
the furnace meets with more red-hot coals, some of the
carbon of which throws itself into the carbon-dioxide and
combines with half its oxygen, thereby reducing it to the
state of carbon-monoxide : [CO, + C = 2C0]
this gas (CO) then, meeting with the ores (oxides) of iron,
takes up oxygen, and reverts to the state of carbon-dioxide

Fe,0; 4 3CO = 3CO, + Fe,

Carbon-monoxide is thus the chief agent in the deoxi-
dation of the ore. When the smelter sees a blue flame
ascending from the furnace, he knows that some of his
reducing power is being wasted ; and therefore considers
the appearance of this blue flame, at the top of the
furnace, a sufficient signal to add more ore.

When carbon burns in a limited supply of oxygen,
carbon-monoxide is produced, as well as carbon-dioxide ;
and, in consequence of the more poisonous effects of the
monoxide, it is very injurious to health to do what some
people are so apt to do in cold seasons—viz. to keep
charcoal burning in dwelling-houses in open vessels without
chimneys, such as braziers (segris) or such like contri-
vances. Death frequently occurs from ignorantly using
charcoal fires without sufficient ventilation. Suicides
have sometimes adopted a similar method of cutting
short their unhappy lives.
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Familiar Carbonates.

Sodic carbonate Barilla, washing soda

Hydric sodic carbonate Bicarbonate of soda

Potassic carbonate Potash, pearlash, salt of
tartar

Magnesic carbonate So-called ¢magnesia ’

Qalcic carbonate Chadlzk, marble, limestone,

c.

Zincic carbonate Calamine

Plumbic carbonato White lead ore

Ferrous carbonate Spathic iron ore

Cupric carbonate Malachite

N a.,CO.
NaHCO,
K4CO,

MgCO,
C&COa

ZnCO.
PbOO;
FeCOy
CuCOgg



CHAPTER XVIII

THE ATMOSPHERE.

The atmosphere—from drpds (atmos) vapour, and
aaipo (sphaira) a sphere—or aérial ocean that covers the
earth, is neither an element nor chemical compound, but
a mechanical mixture of ga-eous (or aériform) bodies ; it
is, therefore, not represented symbolically. From the
time of Aristotle till the latter part of last century, air
was regarded as one of the four elements of which, as the
ancients fancied, the earth was composed. Its true
composition was first determined by Lavoisier.

Composition.—You are already aware that the main
constituents of the air we breathe are nitrogen and oxygen.
The relative proportions of these gases present in the
atmosphere have been well determined by Regnault, and
the average result of his numerous analyses, conducted
with the utmost degree of accuracy, is (per 100 parts)—

By volume. By weight.

Nitrogen........cooeeneeneene 79-07 76-87
Oxygen ....ccovvvereeinnnnns 20-93 2313
10000 10000

Or, in round numbers more easily remembered—
By volume*, By weight.
Nitrogen........coevvuennees 79 77
Oxygen ...cocoovvvennnnnns 21 23

100 100
The existence of small quantities of other gaseous bodies
in our atmosphere has been proved by direct experiment.

* As a means of recollecting, or rather of reproducing these num-
bers should they be forgotten, the following approximate rule wili
be found useful:—Describe & square, and let it represent 100
volumes of air; inscribe a circle in this square. The circle will
represent the proportion of nitrogen, and the coruers of the square
the proportion of oxygen, by volume (approximately).
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The principal of these, and their relative proportions by
volume, are as follow :—

Carbonic anhydride ......About 4 parts in 10,000 of air,

or ‘04 per cent.

Moisture (aqueousvapour). Variable ; usually from 1 to

1:5 per cent. in Great
Britain,

Ammonia.........oeeeuneeenn. Variable; usually onlya trace.

Nitric acid .................. Found in the air which falls

during a thunderstorm.

Ozone ...oevvvieninninnnnen. Usually present in very

minute quantities.

Hydrogen sulphide ...... A trace; the tarnishing of

silver is an evidence of its
presence.

Traces of inorganic and

organic substances, as) Occasionally present.
dust, &ec.

Of these, carbonic anhydride, moisture, and ammonia
appear to be essential constituents of the earth's atmo-
sphere. The following table shows the average compo-
sition of atmospheric air, taking account only of its

essential constituents :— By wvolume.
Nitrogen......cccovvveniennnanee 78:00
(05 9 7-05 - N 20-70
Moisture ......ocoeevenrennnns 1-25
Carbonic anhydride ...... 004
Ammonia ...eieeveiniiininnnns Variable traces.
99-99

The constancy of the composition of the atmosphere* at

* Notwithstanding the almost invariable composition of air, it is
not a chemical compound, but a mechanical mixture of the gases
above enumerated. The following facts may be mentioned in sup-
port of this statement : The proportions of its constituents are not
atomic. Water dissolves air, and air so dissoived contains more
oxygen in proportion to nitrogen than undissolved atmospheric air.
Its constituents are separable by diffusion. Its density and refran-
gibility are the arithmetic means of those of its component gases.
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different times, and in different places, is probably due
to a variety of causes, such as heated currents, trade
winds, the balancing actions of animal and vegetable
life upon it, but more than all to the diffusive power of
gases.*

Such an atmosphere is necessary to the existence of
life—animal and vegetable : its constituents (those which
I have just enumerated) are of two kinds :—

(1) Those which are essential to animals ;

(2) Those which are essential to the growth of plants.

The former class consists of oxygen and nitrogen, the
latter of carbonic anhydride, ammonia and moisture—
though, indeed, a moist atmosphere may be said to be
quite as indispensable to the animal, as it is to the
vegetable, kingdom,

There are many methods of deter-
mining the relative proportions of
nitrogen and oxygen present in the
atmosphere, the most accurate of these
being the method of explosion in the
Eudiometer from eidios (cudios), good,
and perpov (metron), a measure.t

This apparatus (Fig. 42) is first filled
with water, some of which is then spilled
out, and a quantity of air allowed into
the open leg: the air is made to transfer
itself into the sealed leg by skilfully
inclining the apparatus. The volume
of air contained in the apparatus (when

* If gases did not possess the property of diffusivn, the several
constituents of our atmo-phere would arrange themselves in layers
in the order of their densities ; the carbon-dioxide (buing the most
dense) would then cover  the face of the earth,’ and make animal
existence thereon an impossibility.

t+ A measure of the goodness of air: its goodness depending on
the quantity of oxygen it contains.
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the level of the water in both legs is the same) is
now read off. Let us call this volume ¥, which must
not be above 66 per cent. of the volume of the graduated
leg. The open leg is then filled with, and inverted over,
water. Hydrogen is now passed into the eudiometer,
the volume of which should not be less than half that of
the air employed. I now close the mouth of the open leg
with my thuwb, and inclining the instrument, pass all
the mixture into the sealed leg. When the water in
both legs has the same level, I read the volume of the
mixture which we shall call V'. Again, pouring water
into the open tube till it is nearly full, I close it as before,
leaving an elastic cushion of air under my thumb, and
fire the mixture by means of an electric spark* from an
electrophorus or Leyden jar.

The explosion being over, I again bring the water in
both legs to the same level and read off the residual
volume, V", We know beforehand that when hydrogen
and oxygen are exploded in this way they combine to
form water, and therefore two volumes of hydrogen and
one volume of oxygen disappear in the explosion; conse-
quently one-third of the loss by the explosion represents
the volume of oxygen which has disappeared.

But V'—V" represents the diminution of
’ '

volume, therefore Y—'d:-z represent the

oxygen contained in (V') the volume of air
experimented upon.

A tolerably accurate determination of the
relative proportions of nitrogen and oxygen in
air may be made in the following manner : —

Some air is introduced into a graduated
tube standing over water (Fig. 43), and the

* The spark passes through the platinum wires which are sealed
into the upper portion of the closed tube.

Fig. 48.
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volume* it occupies recorded. A little pellet of phos-
phorus fixed to an iron wire is then inserted in the tube,
and allowed to remain there for some hours—or till all
the oxygen is absorbed. @ The phosphorus is then
withdrawn by the wire, and the residual volume (after
levelling the water inside and outside) is again read off.
The diminution of volume is thus found to be nearly 21
per cent.

As ammonia is & gas, and is always produced during
the spontaneous decomposition of azotizedt organic
matter, it is natural it should be found in the atmo-
sphere.; When rain falls it brings the ammonia down
with it ; and the following are the quantities of it found
by different chemists in 1,000,000 grains of rain :—

Grains.
Rain in Paris during the last five months of 1851 (Barral) .. 3-4900
Rain at Liebfrauenberg in 1852 (Boussingault) ....... eeees 0°7440

Rain at Rothamstead in 1853 and 1851 (Lawes and Gilbert) 1:0345

These results indicate,—what might indeed have been
anticipated,—that the amount of ammonia in the air is
snbject to considerable variation, and that it is highest
in populous places, where the exhalations of decompos-
ing animal matters are necessarily most abundant—
(Apjohn).

The existence of moisture in the atmosphere is easily
shown by putting some ice into a glass vessel and allow-
ing it to stand in a warm place for a short time, when
the vapour of water will condense like dew on the outer

* The volume must be read off when the water, inside and outside
the tube, stands at the same level.

+ That is, containing azote or nitrogen.—S.C.

1 The presence of ammonia in the atmosphere may be detected by
drawing a large volume of air (by means of an aspirator) through
hydrochloric acid, with which it forms ammonic chloride, which
when treated with caustic lime gives off ammonia gas (HNy),
recognisable by its odour and the white fumes it gives with a rod
moistened with HCI.
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surface of the glass; there ! now you can see little drops
of water sticking on to this glass ;—and by exposing a
known weight of calcium chloride or of dihydric sulphate
(both of which possess great power of absorbing water)
in a confined portion of air, for a few hours, the weight
of the exposed substance will be increased, and thus the
quantity of absorbed water can be ascertained.

The presence of carbonic acid gas in the atmosphere
may be demonstrated by exposing a solution of lime-water
or (better still) baryta-water in an open vessel to the air.
The clear solution becomes turbid after a while, in
consequence of the carbon-dioxide entering into combi-
nation with the lime or baryta, thus forming an insoluble
carbonate.

This result can be obtained more quickly by drawing a
current of air, by means of an aspirator, through lime or
baryta water, when the clear liquid rapidly becomes milky
in appearance, owing to the formation of calecium or
barium carbonate.

The quantity of carbonic anhydride in any given
volume of air is usually found by passing the air
(previously dried) through a known weight of a solution
of caustic potash; when all the air has passed through,
the increase of weight in the potash solution is the
weight of carbonic anhydride present.

Properties.—] must now explain to you the wuseful
properties of the several constituents of atmospheric air.
First, then, we have nitrogen and oxygen. These, I have
said, are essential to animals. That oxygen is essential
to animal life can easily be proved by inserting a small
animal in & jar of air deprived of its oxygen. Oxygen,
then, is the gas whose presence in air gives it
the power of supporting animal respiration.* Animals

* Recent investigations have shown that oxygen is quite as neces-
sary to the respiration of plants as it is to that of animals.
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inhale oxygen, which, meeting with the venous blood
in the lungs, combines with and rapidly oxidizes it.
This renewed blood is then sent through the body as
arterial blood ; it is again returned to the lungs, by the
veins, charged with an excretion of ecarbon-dioxide, which
is finally exhaled into the atinosphere. This process
goes on continually, so that the respiration of animals
forms a constant source for the supply of carbon-dioxide
to the atmosphere.

The use of nitrogen in the atmosphere is not so obvious
as that of oxygen. In consequence of its inertness and
negative qualities, nitrogen is commonly regarded as a
very indifferent body. In a former lecture we learned
that nitrogen and oxygen do not readily combine with
each other, and that though they may be made to do so
at a very high temperature (and actually do combine in
small quantities to produce nitric acid during a thunder-
storm), yet the heat evolved during their combination is
insufficient to continue the same: consequently, an
atmosphere of nitrogen and oxygen cannot easily be set
on fire; it is, therefore, a safe meliwm in which to ¢live,
and move, and have our being.’

Suppose that, in place of having nitrogen or nitrogen
and oxygen, we had pure oxygen as our atmnosphere,
what would become of us? You know very well that a
piece of iron lit in a jar of oxygen goes on burning to the
end. When you sce a fire in an iron grate, imagine
where the grate would go to if the whole of the atmos-
phere were oxygen. The grate would burn up more
powerfully than the coals ; for the iron of the grate itself
is even more combustible than the coals which we burn
init. A fire put in the middle of a locomotive would be
a fire in a magazine of fuel if the atmosphere were
oxygen.—(Faraday.)



222 ATMOSPHERIC AIR—USES. [CHAP. XVIIIL

As animal life and heat are maintained by a kind of
slow combustion, which we call eremacausis—i.e. com-
bustion without flame—it is plain that if animals be
compelled to breathe pure oxygen, the chemical action
to which life is due would become so rapid as to throw
them into a state of feverish excitement, which would,
no doubt, prove fatal. Life would thus become shorter
than it is in our present atmosphere. We may therefore
conclude that the object of nitrogen is to dilute the
oxygen, so as to prevent too rapid a consumption of life
and fuel.*

The compensating actions of the animal and vegetable
kingdoms on each other, and the duties performed in the
latter by the moisture, carbonic anhydride and ammonia
of the atmosphere, are thus described by a modern
writer of high reputationt :—

¢ The natural food of plants consists chiefly of water,
carbonic acid and ammonia, together with small quantities
of mineral salts varying with the kind of plant. The
natural excretions of the animal kingdom consist of
water, carbonic acid and urea, which is rapidly converted
into carbonate of ammonia, together with some mineral
salts, in general similarto those used in the food of plants,
such as phosphates and other salts of magnesia, soda,
potash, &e. These two kingdoms of Nature thus com-
pensate each other’s action, the excretions of one forming
the food of the other, and vice versa. The carbonic acid
excreted by the lungs of animals and produced by the
combustion of coal and wood becomes a constituent part

* ¢ Nitrogen, hewever, also serves an important purpose in the
oconomy of nature, by increasing the volume of the atmosphere
without conferring upon it active chemical properties. Provision is
thus made for the occurrence of winds, the tempering of climate,
the diffusion of heat, the scattering of the sun’s light, and the
realization of other useful ends essential to the welfare of man and

the other living inhabitants of the globe.’
t+ Professor Haughton, of Dublin,
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Pressure of the atmosphere
(at different heights).
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of the air we breathe, and
would destroy animal life
if it attained to four per
cent. of that air: but by
the wonderful compensa-
tion of the vegetable king-
dom it is absorbed by the
leaves of plants in respi-
ration,* and resolved into
carbon and oxygen; the
former of which becomes
fixed in the woody fibres
of the plant, while the
oxygen is given back to
the atmosphere, and ren-
ders it again fit for the
respiration of animals.
The urea excreted by the
kidneys of animals is
rapidly converted into car-
bonic acid and ammonia,
both of which are dis-
solved by moisture and
conveyed to the roots of
plants, whence they are
pumped up by endosmotic
force into the leaves.’

Pure air is colourless,
tasteless, odourless ; it is
14-47 times as heavy as
hydrogen,—the weight of
1 liter at standards being
1-293187 gram.

The presence of dust in

* Assimilation would probably be a more correct term.—S8. C.
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the air, reaching up to considerable heights, by its effect
in polarizing sunlight, produces the blue colour of the
sky, which we so frequently admire.  Above the
atmosphere the sky appears pitchy black. The atmo-
sphere exerts an average pressure (at sea level) of
110333 kilogram per square centimeter of area—or
10-333 kilograms per square meter, which is the weight
of a column of mercury 760 m.m. high, standing on
a square base, each side of which is one meter in
length, In the diagram on the previous page the column
to the right gives the pressure of the atmosphere in
pounds on the square inch at various well-known
heights—starting with 147 lbs. on the square inch at
sea level ¥

The atmosphere is supposed to extend to a height of
about 45 miles: this supposition, however, is based on
facts connected with the phenomenon of twilight. That is,
the light which illuminates the atmosphere for some
time both after sunset and before sunrise. It results
from the reflection and refraction which the rays of
light undergo in passing through the various strata of
air, owing to which the light of the sun is dispersed by
the atmosphere till he descends about 15° or 18° below
the horizon.

* Agthe height above sea level increases In arithmetic ratio, the
density of the air decreases in geometric ratio.



CHAPTER XIX.

COMBUSTION (FIRE AND LIGHT).

Combustion in the general sense is but a relative term,
and, as previously noticed, may be applied to any chemical
action whatsoever when accompanied with the evolution
of heat. Ordinary combustion—or the fire which results
from the burning of such combustible materials as coals,
oils, candles, coal-gas, &c., in atmospheric air—is due to
a violent chemical combination of the free oxygen of the
air with the elements of the combustibles, or inflammable
materials, by which both heat and light are evolved, and
the chemical action thus produced is termed oxidation.
Bodies which undergo combustion, 7.e. burn in air, burn
more brilliantly in pure oxygen, as we have already seen
when examining the properties of that gas.

It is commonly supposed that when any substance is
burned, the matter of which it was composed is lost, or
becomes annihilated. That this is a popular fullacy is
easily proved by direct experiment ; the following simple
experiments will, I bope, satisfy you :—Having carefully
weighed a porcelain crucible containing a little metallic
wire, I burn the wire by placing the crucible over a hot
flame :—when burnt and allowed to cool, we shall find
the crucible and its contents heavier than before the
wire was burnt., Here then we see that there is no (oss,
but on the contrary an actual increase of matter by
burning the metal (nagnesium), the increase being the
weight of the oxygen which left ihe atmosphere to
combine with tho metal while burning, i.e. oxidising, A
similar experiment may be made by burning phosphorus

15
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in air and weighing the produce of combustion. Or we
may burn a candle in a tube and collect and weigh the
carbonic acid and waters produced by its cownbustion.*
In all cases the products of combustion (though generally
gaseous and invisible) will be found to be heavier than
the original materials burnt.

The definite initial temperature (differing for different
substances) necessary to start the combustion of & com-
bustible body is termed its igniting point. As the
intensity of the heat evolved by the same combustible
materials depends on the rapidity of combination, so the
rapidity of combination depends on the rate at which
oxygen, and therefore air, is supplied. The only difference
between combustion and explosion is rapidity of combina-
tion. The effect of chimneys is, by creating a draught,
to increase the quantity of air supplied in a given time,
and thus increase the rapidity of combination, and there-
fore the intensity of the heat obtainable.

From experiments conducted on the top of Mont Blane
by themselves, Dr. Frankland and Professor Tyndall
have determined the influence of height on combustion.
They found that the illuminating power of a candle flame
was greatly diminished,t but that strange to say, the
quantity of material consumed in a given time was the
same on the top of the mountain as in the valley below.

Ordinary combussible materials, those which are used
for heating and illuminating purposes (coals, wood, oils,
candles, coal-gas, &c.) are chiefly composed of carbon
and hydrogen, and their compounds termed hydro-
carbons, as Marsh gas (CH,), Olefiant gas (C,H,), and Oil
gas, &c., &o.

* By passing the gaseous produets through a caustic potash tube
attached to the tube containing the candle, the water and carbonio
acid remain in this tube.

+The difference of illuminating power evidently depended on
difference of pressure.
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The fire which accompanies combustion is either
incandescence or flame; it is termed incandescence (or
glow) when the burning body is not converted into the
gaseous state before combustion actually takes place™ ;
it is called flame when the body attains the gaseous
condition before rapid combustion ensues.. Flame, then,
in the ordinary acceptation of the term, is a column of
highly heated gas undergoing combustion by combining
with the oxygen of the air.

All flames are not equally luminous, and the principle
upon which all practical methods of illumination depend
is, that a keat-producing material and an incandescent solid
should exist in the substances employed for illumination,
and that the burning of the former should set free the
latter, yielding at the same time, by combustion, the
necessary temperature to render it luminous. Thus with
coal gas, which is a mechanical mixture of several gases,
chiefly hydro-carbons,t the hydrogen of the hydro-
carbons, as in the case of Olefiant gas, first enters into
union with the oxygen in the air, and by its combustion
yields heat sufficient to make the carbon, which in a fine
state of division pervades the flame for a time, glow ; it
is to the presence of this incandescent carbon that the
great illuminating power of the flame is due. The carbon
finally combines with oxygen and passes away as carbon-
dioxide. More solid carbon is separated from its combi-
nation with hydrogen, as more gas is burned, thus
keeping up a continuous light-giving flame.} I shall now

* Some bodies, such as platinum, lime, &c., becamc incandescent,
without burning, when intense'y heated ; a platinum wirc or a piece
of lime may be made white hot without undergoing any chemical
ch’?’(lf{f:o‘;;sisting of Mavsh gas CH,, Olefiant gas C,lI,, and other
hydro-carbons of the general formula Cn Hyn.

% Frof. Frankland has recently shown that & luminous flame may

be obtained, without incandescent solid particles, by burning gases
under increased pressure.
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prove these statements by experiments on Marsh and
Olefiant gases, samples of which are being prepared
before you on the table. They are the two most import-
ant compound gases contained in the ecomplex mixture
known as coal-gas. Marsh gas is prepared by heating
together sodium acetate and sodium hydrate in a copper
retort—NaC,H;0, 4+ NaHO = CH, 4 Na,CO,. Olefiant
gas is obtained by heating alcohol with oil of vitriol in &
flask fitted with a delivery tube—C,H,0+4H,80,=C,H,+
H,0, H;80,. A good mixture for preparing Olefiant gas is
1 vol. of alcohol and 4 vols. strong oil of vitriol mixed
with sand to prevent frothing up.

Both these gases extinguish the taper, but like hydrogen
burn at the surface of contact with air; and when mixed
with oxygen form explosive mixtures. Olefiant gas is an
illuminating body, for it deposits carbon on being strongly
heated (as when it is burning), evidenced by its deposit-
ing soot on any cold body which is introduced into the
flame.

The light evolved during combustion having been
satisfactorily accounted for, it remains to notice some of
the recent theories which have been put forward to
account for the heat of combustion, on which the light
evidently depends,—as bodies raised to a high tempera-
ture always emit light.

Two chemists, named Craufurd and Irvine, suggested
that the heat evolved during combustion might be ac-
counted for by the doctrine of specific heats. They main-
tained that the heat evelved during the formation of a com-
pound by combustion was due to the specific heat of the
compound being less than the mean of the specific heats of
its components. This theory does not take into account
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the heat absorbed or evolved when & body undergoes a
change of state, and is consequently considered defective.

Another very ingenious theory, first announced by Ber-
zelins and Davy, and afterwards supported by the
celebrated Frenchman Ampére, is thus concisely explained
by Professor Apjohn :—‘The atoms of all bodies have
peculiar electric states, which they uever lose, some

"being negative and some positive. Each atom,
however, is encompassed by an atmosphere of electrio
fluid of an opposite nature to its own, and which is pro-
duced around it upon the principle of induction. Dis-
similar atoms combine chemically in virtue of being in
opposite electric states, and the light and heat attendant
upon their combination are, like those of the common
electric spark, due to the union of the electricities of the
electric atmospheres which combine with and neutralize
each other.

Professor Tyndall, in extending Waterston’s meteoric
theory of solar heat from the Sun and Planets to chemical
atoms, appears to ascribe the heat of combustion to the
clashing together of atoms, by which their motion is con-
verted into heat—as the following quotation from his
celebrated work ¢ Heat a Mode of Motion * will show :—

¢A diamond is pure carbon, and ecarbon burns in
oxygen. Here is a diamond, held fast in a loop of
platinum wire ; heating the gem to redness in this flame,
I plunge it into this jar, which contains oxygen gas. See
how it brightens on entering the jar of oxygen, and now
it glows like a little star with a pure white light. How
are we to figure the action here going on ? Exactly as
you would present to your mind the idea of meteorites
showering down upon the sun. The conceptions are, in
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quality, the same, and to the intellect the omne is not
more difficult than the other.
You are to figure the atoms
of oxygen showering against
this diamond on all sides.
They are urged towards it by
what is called chemical
affinity ; but this force made
clear presents itself to the
mind as pure attraction, of
the same mechanical quality,
if I may use the term, as
gravity, Every oxygen atom
a8 it strikes the surface, and
has its motion of translation Fig. 44,
destroyed by its collision

with the carbon, assumes the motion which we call heat;
and this heat is so intense, the attractions exerted at
these molecular distances are so mighty, that the crystal
is kept white-hot, and the compound, formed by the union
of its atoms with those of the oxygen, flies away as car-
bonic acid gas.’

The flame* of a common candle was long a problem for
the study of chemists, till Davy by dissecting it revealed
its true structure. The flame of a candle is essentially
the same in nature as that of a jet of coal-gas, and
may be divided into three distinct conical spaces. First,
there is & visibly dark conical core of unburnt gas. This
is technically called the area of mo combustion, and is
represented by the space marked a in Fig. 45.
Secondly, there is a luminous cone immediately surround-
ing the dark, or non-luminous one. This luminous cone

% In its widest sense by flame we denote a column of highly-
heated gas undergoing combustion, by chemically combining with
fsome other gas.
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deposits soot when its temperature is reduced by the
introduction of a cold body into it. This second cone is
therefore termed the arca of
partial combustion ; it is repre-
sented by the white space marked
b in the figure. Thirdly, there
is an outer cone, scarcely visible
but much hotter than the inner
luminous one ; this third cone is
termed the area of complete com-
bustion, since in it the carbon is
completely burnt, producing the
gaseous compound carbon dioxide
which flies away as fast as formed.
This cone is represented by the
space marked ¢ in the accompany- Fig. 4.
ing figure.

When a current of air is forced into the flame of &
candle by means of a mouth blowpipe (see Fig. 46), the
‘area of no combustion’ cannot axist,* while the *area
of complete combustion ' becomes mingled with an excess
of oxygen. The ordinary flame is thus converted into
two zones : an inner one—which, owing to the presence
of incompletely oxidized hydrocarbons, has a powerful
reducing action on metallic oxides—termed the reducing
flame ; and an outer one, technically called the oxidizing
flame, as in consequence of the excess of oxygen supplied,
in conjunction with the high temperature resulting from
complete combustion, it possesses great power of oxidizing
bodies brought into its zone. Thus a small piece of lead

¥ As the oxygen contained in the current of air causes a partial
combustion of the hydrocarbons which, under ordinary circumstances,
form the conical core of unburnt gas.



282 THE BLOWPIPE FLAME, [oHAP. xIX,

is rapidly oxidized when held in the tip of the outer flame,
while the oxide thus formed is again reduced to the
metallic state when supported, on charcoal, in the inner
(or reducing) flame for a few seconds.

Fig. 46.

The blowpipe is an instrument much used by practical
chemists in testing the nature and qualities cf mineral
substances.*

DistinnaTioN oF CoAnL AND Woobp.

When coal is subjected to dry distillation in iron or
clay retorts from which air is excluded, the coal becomes
resolved into a great variety of new bodies ; this process
is known by the term destructive distillation, though the
coal is not actually annihilated, but new products are
formed by the re-arrangement of its atoms.

* The blow-pipe characters of the common metals will be found
in the Author’s Test Tables for Analysis.
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The new products formed may be arranged in four
classes :—

1. Coal-Gas:—Consisting of a variety of gaseous com-
pounds.

2. CoalTar:—A strong smelling oily black liquid.

3. Ammonial Liquor, or Gas-water :—Containing salts
of ammonia.

4. Ooke :—The residue left in the retorts.

The full description of the methods of preparing coal-
gas belongs to a work on Technical Chemistry. I will
not attempt more here than to give & brief summary of
its composition and properties.

The crude gas may be said to consist of a mechanical
mixture of the following gaseous bodies :—

Name. Molecular Approzimate
Jormula, percentage.
Hydrogen ...........c...... H, ... 455
Marsh gas ..........oeeues CH, ...... 349
Olefiant gas.................. CH, ... 41
Oil gas voveveenninenninnnnen. CH, ... 24
Carbon monoxide ......... co ... 66
Carbon dioxide ............ COo, ...... 37
Hydrogen sulphide ...... HS ... 03
Nitrogen .........c....o..uis N, ... 2.4
Ammonia ................l. HN ..... variable.
Cyanogen .................. (CN);  weeee trace.
Benzole vapour ............ CHs ...... "
Naphthalene vapour...... (0N = PR “
Carbon disulphide vapour C8, ...... ”
Water vapour............... HO, ... variable.

Many of these gases do not burn, and would, therefore,
be better removed, while others, such as carbon disulphide
and hydrogen sulphide, are very offensive in odour, and
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would also yield irrespirable products by combustion.
Hence the necessity for a complicated process of
purification of crude coal-gas, before being employed for
the illumination of our houses and the heating of our
stoves, &c.

Purified coal-gas will usually contain hydrogen, marsh
gas, olefiant gas, oil gas and other vaporous hydro-car-
bons, also carbon monoxide and nitrogeun; the relative
proportions in this mixture depending principally on the
quality of coal used in the manufacture, From what we
have already studied in reference to combustion it appears
that the value of coal-gas, as a source of light, must
depend on the nature and amount of its hydro-carbon
constituents. By means of a Bunsen's burner, with
which I shall now proceed to experiment, I will show you
how I may, at will, produce either a luminous or a heat-
giving flame. The lighted taper is extinguished when
immersed in & vessel filled with coal-gas, but like hydrogen
the gas burns at the surface or where it is in contact with
air. When mixed largely with air it assumes a violently
explosive character; hence another danger arises in
leaving gas jetsopen at night in bed chambers, in addition
to its irrespirable and poisonous properties when inhaled
in large quantity.

Wood-Gas:—In many towns on the continent of
BEurope, gas obtained from the destructive distillation of
wood is used as a substitute for coal-gas; but its illumi-
nating power, owing to its containing less of the heavier
hydro-carbons, is much inferior to that of average
coal-gas. By comparing the relative composition of wood
and coal we find that the former contains a much larger
proportion of oxygen than the latter, and hence the
products obiained from its destructive distillation are
naturally more highly oxidized (or so to speak already
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partially burned). They consist of a mixture of the
oxides of carbon, water, hydrogen, and marsh gas, also
acetio (pyroligneous) acid, wood naphtha (wood spirit)
and wood-tar, &e., &6. On this subject we cannot go
further without trespassing on the bounds of Organic
Chemistry.

Approximate Analysis of Wood and Coal.

Carbon. |Hydrogen.| Oxygen. |Nitrogen.
|

Wood (dried oak)....| 515 58 424 02
Coal (Bituminous) .. 795 55 130 19

Though I can now give you credit for a better knowledge of the
four ancient elements—earth, water, air, fire—than the Ancients
themselves possessed, yet I am bound to warn you of the possibility
of a return, in the near future, to the theory of the more ancient
philosophers, who held that there exists but one variety of material
—the essentia, or essence of matter. Already we have arrived at
the * Periodic Law ’ of Mendelejeff,* which maintains that the pro-
perties of an element are functions of its atomioc weight. And if,
in addition, we admit the truth of Frout's hypothesis (known as
Prout's law), that the atomic weights are all multiples by whole
numbers of that of Hydrogen, we see how near we approach the idea
of the unity of matter,

* A tabular statement, illustrative of the Periodic Law, will be
found overleaf. It is also known as Newlands’ and Mendelejeff’s
law. Newlands was the first to suggest that, when arranged in the
order of their atomic weights, the elements show a periodic
recurrence of similar properties, Thus & natural classification of
the elements into groups, similar to the smaller groups already
noticed, is possible.
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CHAPTER XX.

CHEMICAL GYMNASIUM.

1. The average height of the standard barometer at
sea-level in the ltitude of Paris is 760 m.m. Reduce
this to its equivalent in inches. Answer, 29-923 inches.

2. The average pressure of the atmosphere is estimated
at 10-333 kilograms per square meter of surface. I'ind
the correspouding pressure in kilograms per square
centimeter. Answer, 1'0333 kilograms.

3. How many millimeters are equivalent to 33 inches ?
Answer, 762.

4. Name the measures of length which are longer
than the meter, and convert them into their English
equivalents.

5. Convert 33,000 foot-pounds per minute into kilo-
grammeters per second. Answer, 76 nearly.

6. Write out the tables of tha Metric System in as
small & space as you can, consistent with perspicuity and
exactness ; and briefly contrast its advantages as
compared with the old English system of weights and
measures,

7. How many cubic feet are there in 105 cubic
meters? Answer, 37083,

8. The length of Mont Cenis tunnel is about 12:2
kilometers. Find its length in English miles. Answer,
7-58.

9. How would you find the number of centimeters in
the edge of & cube whose volume is a hectoliter ?

Answer, 4
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10. Convert 25° Centigrade into its equivalent in
Fahrenheit degrees. Answer, 77° F.

11. Convert 30'2° Fahrenheit into its equivalent on
the Centigrade scale. Answer, —1° C.

12. Convert — 15° C. into its equivalent in Fahrenheit
degrees. Answer, --5° Fahrenheit,

13. The volume of 16 grams of oxygen at 0° C. and
760 m.m. pressure is 112 liters. Calculate the volume of
16 grains of oxygen (under the same conditions of tem-
perature and pressure), in cubic inches. Answer, 44-3
nearly.

14. The old English unit of heat being the amount of
heat necessary to raise the temperature of one pound of
water through 1° Fahrenheit, find the ratio of this unit
to the French unit of heat,—or one degree of heat, as de-
fined in Chapter II. Answer, 50: 198, or 1: 4 nearly.

15. Find the ratio of a foot-pound (or English unit of
work) to a kilogrammeter (or French unit of work).
Answer, 1 : 7} nearly.

16. What are the thres physical states in one or other
of which all varieties of matter exist? Describe the
wviscous condition. :

17. Distinguish between molecular atiraction and che-
mical affinity ; in what respects do they agree, and how
do they differ ?

18. Give concise definitions of (a) one degree of heat,
() specific heat, (c) latent heat., Of all known substances
which bas the greatest capacity for heat ?

19. Distinguish between a degree of temperature and a
degree of heat—giving illustrations.

20. It is & general maxim in chemical science that
extension and rarefaction occasion cold, but that conden-
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sation and compression produce heat. Illustrate this by
examples.

21. How many degrees of heat are evolved by the fall
of 50 kilograms from a height of 1,000 meters ?

22. What volume would a cubic foot of air (air being
supposed incondensable) occupy at the temperature
—273°C.?

23. Define the following terms in accordance with the
modern system of Chemistry :—atomic weight, atomic
volume, molecular weight, inolecular volume, vapour-den-
sity, one gas-volume, specific volume.

24. Distinguish betwueen the chemical and physical
specific gravities of bodies. The chemical sp. gr. of steam
is 9: determine its physical sp. gr.

25. Bxplain the meaning of the following symbols :
H, O, H,, 0,, H,0, HCI, H,N, N,0,, HNO,, 2(H,S0O,).

26. Calculate the vapour-densities of the following
bodies:—ice, hydrogen-chloride, ammonia, carbon-dioxide.

27. State (a) the laws of combination, (b) the law of
gaseous volume, (¢) the law of gaseous diffusion.

28. Describe the changes which the tension of a gas
undergoes—

(a) if subjected to a constant pressure,

(b) if contained in a constant volume,
while its temperature is being raised from 0° C. to 273° C.

29. Explain the meaning of the terms electro-positive
and electro-negative when applied to the Elements.

30. When two bodies do not combine on being placed
in contact, does that circumstance prove that they have
no saffinity for each other. Give a reason for your
answer.

31. Give a brief description of Dalton’s atomic theory.
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82. Define the term crith ; and determine its weight
both in grams and grains,

83. Caloulate the weight of 25 hbers of ca,rbomo
anhydride at the standard temperature and pressure.

84, What volume would 25 grams of hydrogen occupy
at 15° C. and 725 m.m. pressure ?

85. If the weight of the air contained in an air ther-
mometer be ‘4645 of a gram, prove that VP=absolute
temperature.

36. Calculate the weight of a hectoliter of dry air at
15° C. and 720 m.m. mercurial pressure.

37. Explain the meaning of the equation—

W= ‘0321 Vp  ( combining weight)
M8 4 ¢ T J
and show how to deduce it from first principles.
38.—Explain what is meant by the replacing power of
bodies. What is understood by the chemical equivalent of
a body ?

39. Distingu'sh between a salt and a compound radicle.

40. Write & short note on the doctrine of chemical
types.

41. Egxplain the distinction between a rational and an
empirical formula, giving illustrations.

42, How may the empirical formula be obtained from
the percentage composition ?

43, Deduce the empirical formula of a substance
which, on analysis, yielded the following percentage com-
position :(—

Potassium.................. 2873
Hydrogen ...........c...... 0-73
Sulphur .....ccoevniinnin 2352
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44. Find the percentage composition of the substance
which is represented by the formula Cay(PO,)s.

45. How is the rational formula of a substance deter-
mined ?

46. If a cubical box, holding 11-2 liters, be filled with
hydrogen, oxygen, nitrogen, and chlorine, successively, at
standards : how many grams of each gas would the box
contain ?

47. How many gas volumes are represented by the
symbols H,, O,, 2Cl,, respectively ?

48. What is meant by the term *standard pressme '?
What by ¢ one atmosphere ’?

49. Explain the terms—acid, alkaline and neutral re-
action. What are the three alkalis ?

50. Explain the use of the terms mono-, di-, and tri-
basic, as applied to certain acids.

51. What are the natural sources of hydrogen ?

52. From whence is the name hydrogen derived ?

53. Describe (at least) three lifferent processes for
preparing hydrogen, and represent the decomposition in
each case by symbols,

54. What quantities of zinc and hydrogen sulphate
must be employed to obtain 15 milligrams of hydrogen ?

55. What volume would 27 grams of hydrogen occupy
at the normal temperature and pressure ?

56. What weight of hydrogen-gas (at 0° C. and 760
m.m.) is required to fill a balloon of 22 hectoliters
capacity ?

57. What would be the ascensional force of the balloon
(in last question) supposing it to weigh 1 kilogram when
empty ?

58. In what sense is Zn equivalent to H,?

16
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59. What are the principal characteristic properties
of hydrogen?

60. Describe some experiments which serve to illus-
trate the inflammability of hydrogen in air.

61. What is formed when hydrogen burns in air ?
62. Describe some experiments in illustration of the

extreme levity of hydrogen gas. How does an atmosphere
of hydrogen affect sounds ?

63. What are the natural sources of oxygen ?
64. What is the origin of the name ozygen ?
65. How, and by whom, was oxygen first prepared

66. From what materials is oxygen now generally
prepared ?

67. Represent, in symbols, the decomposition which
potassium chlorate undergoes under the influence of heat.

68. What volume of oxygen gas (at standard tempera-
ture and pressure) can be obtained from one kilogram of
potassic chlorate ?

69. How much chlorate of potassium must be
employed to prepare one hectoliter of oxygen, at the
normal temperature and pressure ?

70. What weight of oxygen (at 0° C. and 760 m.m.)
is required to fill a gasometer of 300 hectoliters capacity ?

71. A bottle is filled with oxygen gas (at standard
temperature and pressure), and then hermetically sealed.
At what temperature would the elastic force of the
-oxygen he sufficient to burst the bottle, on the supposition
that the bottle would burst if subjected to a pressure of
2-0666 kilograms per square centimeter ?

72. Describe in words, and represent in symbols, the
effect of a red heat on pyrolusite.
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73. What weight of pure manganese is needed to pre-
pare one liter of oxygen, at the normal temperature and
pressure ?

74. Describe the principal characteristic properties of
oxygen, especially in regard to combustion and respira-
tion,

75. What is ozone? What are its chief characteristic
properties? Why are the properties of ozone especially
interesting to chemists?

76. In what proportion does water dissolve oxygen
gas?

77. How would you show that hydrogen possesses a
powerful aflinity for oxygen?

78. How is it that a jet of pure hydrogen may be
burned in the air, with perfect safety, whereas a mixture
of hydrogen and air produces a dangerous explosion if
ignited ?

79. Explain the meaning of the term reducing agent
as employed in chemical writings.

80. Describe an experiment illnstrative of the reducing
action of hydrogen.

81. How many grams of reduced copper can be ob-
tained by the aid of 2 grams of hydrogen ?

82. Describe the construction of Dobereiner’s lamp,
and explain its action.

83. Explain the principle of the lime-light. For what
purpose is it now usually employed ?

84. With the aid of Priestley’s Philosophical Candle,
a brass jet and a bladder full of oxygen, how would you
produce the oxy-hydrogen flame 2

85. How may pure water be prepared from sea-
water ? What is the process called ? What becomes of
the solutions of carbonates thrown into the sea by rivers ?

86. Of what elements is water composed ?
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87.' In what proportions (by volume) are the elements
of water united ?

88. How did Cavendish determine the composition
of water?

89. How may the original conclusion of Cavendish
(with respect to the composition of water) be confirmed
(a) by the method of analysis, (b) by the method of
synthesis ?

90. From the known composition of water by volume
deduce its composition by weight.

91. Write down the molecular formula of water, and
show that it indicates its composition, both by weight
and by volume.

92. How did Dumas determine the percentage com-
position of water? Give the average of his results.

93. How much copper will be reduced in the forma-
tion of 18 grams of water, and what volume of dry
hydrogen (measured at standards) is necessary to reduce
it?

94. How many units of heat are developed by the
complete combustion of one kilogram of hydrogen in
oxygen? Supposing the process of combustion to occupy
a second of time, to how many Horse Power is the work
produced equivalent ?

95. How does water afford a most striking illustration
of the fact that compound bodies possess properties
different from those of their components ?

96. Describe the principal physical properties of
water.

97. What are hydrates # Illustrate your answer by
an example. Give an example of an aquate.

98. Explain what is meant by—(a) water of crystalli-
zation, (b) constituent water. Give examples in illustra-
tion. "



CHEMICAL GYMNASIUM, 245

99. Describe, carefully, the effects produced on
water—(a) by gradually raising its temperature from
@° C. to 4° C. (b) by gradually lowering its temperature
from 4° C. to 0° C.

100. What is the temperature on the Fahr. scale
corresponding to the maximum density of water ?

101. Explain how it is that fishes can live in the
waters of those seas which are constantly frozen over
for several months of the year.

102. Explain what is meant by & saturated solution.

103. A block of Wenham Lake ice weighs 508 kilo-
grams : what is its volume ?

104. When a liquid solidifies it evolves heat : how
may this statement be verified experimentally ?

105. Can water exist in the liquid state at a lower
temperature than that of melting ice ?

106. What happens when water at the temperature
100° C. is placed on a fire ?

107. TUnder what general conditions does water enter
into ebullition ?

108. Explain how water may be made to boil by the
abstraction of heat.

109. What is the latent heat of water ?

110. Define the boiling point of water.

111. 'What is evaporation ?

112. Why is water called a neutral oxide ?

113. What are the natural sources of nitrogen ?

114, Describe two essentially different methods of
separating nitrogen from atmospheric air.

115. How may it be proved that nitrogen is an essen-
tial ingredient of animal tissue ?

116. Represent, in symbols, the decomposition which
ammonium nitrite undergoes on being strongly heated.
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117. Describebriefly the principal characters by which
nitrogen gas may be recognised. How may it be distin-
guished from carbonic anhydride ? Deseribe the oxides
of nitrogen. How is nitric acid related to them ?

118. Mention the names of the natural varieties of
carbon, and state the uses of each variety.

119. How may it be proved that the diamond consists
of pure carbon ?

120. How should & diamond be cut—(a) so as to form
a rose, (b) so as to form a brilliant?

121. How would you estimate the value of a diamond
under 20 carats weight ?

122. In what kind of rocks, and in what parts of
the world, are diamonds usually found ?

123. Where was the celebrated ¢ Kohinoor ' found ?

124. Describe the appearance and properties of
anthracite.

125. Mention the names of, and describe the modes
of preparing, the principal artificial varieties of carbon.

126. For what purpose is animal charcoal used by
sugar-refiners ? How is it made ?

127. What is ivory-black ?

128. What is lamp black ? What is soot ?

129. Of what materials is printing ink composed ?

130. Describe the properties of charcoal, especially
those which make it a valuable material for water filters.

131. Account for the occasional spontaneous combus-
tion of heaps of charcoal.

132. How many ‘ degrees of heat ' are evolved by the
complete combustion of 12 grams of pure carbon in
oxygen ?
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183. What volume of air (measured at standards)
is necessary for the complete combustion of 1 kilogram
of pure carbon ?

134. What are the natural sources of carbon-dioxide ?

135, What materials are usually employed (in the
laboratory) for preparing carbon-dioxide ?

136. Represent by means of an equation the action of
hydrogen chloride on white marble.

137. When ‘carbonic acid gas’' is required for
aérating soda water, what materials are used in its
preparation ?

138. Describe the chief characteristic properties of
carbon-dioxide.

139. What evidence is there for considering carbon-
dioxzide to belong to the class of anhydrides ?

140. Carbonic anhydride is said to be an extinguisher
of combustion ; is this statement absolutely true? Give
reasons for your answer.

141. How would you prove that expired air contains
carbonic acid gas ?

142. Describe fully the effects of a stream of carbonic
anhydride on lime-water.

143. What is Travertine 2 and how is it formed ?

144. What are Stalactites and Stalagmites ? Describe
the process of their formation.

145. How is carbonic acid gas affected by green
plants under the influence of sunshine ?

146. How is solid carbonic anhydride prepared, and
for what purpose is it used ?

147. Carbon-monoxide may be prepared from carbon-
dioxide by one or other of two processes; describe them,
using symbols in illustration.
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148. Describe in words, and represent in symbols,
the decompositions which crystallized oxalic acid under-
goes when heated in contact with hydric sulphate.

149. Describe the chief properties of carbon-monoxide.

150. Describe the chemical changes which take place
in the large furnaces for reducing iron ore. Why does
the smelter consider the appearance of a blue flame at
the top of the furnace a sufficient signal to add more ore ?

151. Has carbon-monoxide any influence on animal
respiration ?

152. What are the main constituents of the atmo-
sphere? State the proportionsin which they are present,
by weight and by volume.

153. What other bodies (besides nitrogen &nd oxygen)
are found in the atmosphere ?

154, Name the essential ingredients of the earth’s
atmosphere ; and state the proportions (by volume) in
which they occur.

155. What evidence have we for considering air to be
& mechanical mixture rather than a chemical compound ?

156. Describe the apparatus known as the voltaic
eudiometer.

157. How would you effect the eudiometric analysis
of air?

158. With the aid of a pellet of phosphorus, a piece
of wire, a graduated tube, and a basin containing water,
how would you make & volumetric analysis of air ?

159. What is the probable origin of the ammonia
which is found in the atmosphere ? How would you
detect it ?

160. How would you detect the presence of aqueous
vapour in the atmosphere ?
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161. How would you demonstrate the presence of
carbonic anhydride in atmospheric air ?

162. Mention the principal wuseful purposes served by
the several constituents of our atmosphere.

163. Describe briefly the compensative actions of the
animal and vegetable kingdoms on the atmosphere; and
hence deduce an argument in support of the plausible
theory as to the existence of a greater amount of carbon-
dioxide in the atmosphere of the carboniferous period
(Age of Plants) than exists in that of the present period
(Age of Man).

164. When the earth’s atmosphere contained 4 per
cent. of carbonic acid gas, the higher forms of animals
could not have lived in it. If this gas became fixed by
combining with lime, calculate the weight of the resulting
bed of limestone if spread uniformly over the whole
earth,

165, Write a short note on the nature of combustion.

166. What weight of ice would be melted by the heat
evolved during the complete combustion of one gram of
hydrogen in atmospheric air ?

167. Explain the general principle involved in the
production of luminous flames.

168. What are the chief constituents of coal-gas ?
To which of them is the illuminating power of its flame
more especially due ?

169. Why does olefiant gas yield a brighter flame
than hydrogen ?

170. By the aid of the doctrine of specific heats some
chemists have attempted to account for the heat evolved
during combustion : state briefly the views of Craufurd
and Irvine on this subject.
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171. Explain the theory of combustion put forth by
Berzelius and Davy,

172. How does Professor Tyndall account for the heat
of combustion ?

178. Describe the structure of the flame of a candle.

174. Explain the influence of elevation on the
illuminating power of flames.

175. Isthe presence of an incandescent solid absolutely
necessary to the production of & luminous flame ?

176. What is the common source of the halogens—
chlorine, bromine and iodine ?

177. How is chlorine prepared ?

178. What is the composition of hydrochlorie acid ?
How is it prepared? Give reactions. How is it
identified ?

179. Describe the properties of chlorine: explain
how it acts as a bleaching agent.

180. What is the composition of bleaching powder ?
How is it made ?

181. What three chlorides are insoluble in water ?
How are they distinguished ?

182. Give the formula of some important chlorides.

183. How are bromine and iodine prepared ?

184. Describe the natural sources of sulphur.

185. How issulphur purified ? Mention its allotropic
modifications. Explain the occurrence of sulphur in
volcanic districts. Describe the oxides of sulphur.

186. Mention the names of some natural sulphates
and give their chemical formule. Describe a simple
method for preparing sulphuric acid. By what tests can
sulphuric acid be identified ?
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187. Explain the use of sulphur in making gun-
powder ?

188. What are the natural sources of phosphorus ?
How is it prepared ?

189. What is the composition of the well-known
manure called superphosphate? Describe the varieties of
phosphoric acid. How would you distinguish them ?

190. Describe the allotropic forms of phosphorus.
Give the composition of the tips of matches which light
only on the box.

191. How is red phosphorus prepared? What are its
chief properties? What hydrogen compound of phos-
phorus resembles ammonia (NH,)? How isit prepared ?

192. What elements are included in the nitrogen
group? What elements form the sulphur group ?

193. How is ammonia gas prepared ? What is the
origin of its name ? Describe the properties of ammonia.

194. How is nitric acid prepared ? On what metals
does it exert a solvent action? Which nitrates are
soluble in water ?

195. Exhibit the relationship of nitric acid to the
several oxides of nitrogen. Which of these oxides may be
used to test for free oxygen, and how ?

196. Describe the mode of occurrence of silicon.
What is the composition of flint, agate, and opal ?

197. How is silicon prepared? Describe some of its
modifications. How does hydrofluoric acid act on silicon?
What is gelatinous silica ?

198. What compounds of boron are commonly used ?
For what purpose is borax used in the art of soldering ?
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199. What are the natural sources of boracie acid ?
How is it prepared, and what are its characteristic
properties ?

200. In what respects does the food of plants differ
from the food of animals? Give illustrations.

201. Describe roughly the composition of an average
specimen of coal-gas. Which are its heat-giving and
which its light-giving constituents ? Name the impurities
which usually occur in coal-gas. Devise methods by
which they can be got rid of.

202. What are the products of the destructive
distillation of wood ?

203. Give a comparative statement showing the
relative composition of wood and coal.

204. Explain why wood-gas has less illuminating
power than coal-gas.

205. Explain the action of sulphuric acid on sugar.

206. How is marsh gas prepared? Describe its
properties.

207. Describe (giving symbolic notation for the
change) the mode of preparation of olefiant gas. Explain
the property of this gas which effects the illuminating
qualities of coal gas.

208. Describe the nature of the so-called ‘Periodie
Law.’

209. State Prout’s hypothesis.

210. Explain the tendency of modern views in relation
to elementary matter,
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Acids, defined and classified, 88 ; |

with derived salts, 91; from
anhydrides, 172
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contrasted with other attractive
forces, 30, 31

Air: reason it does not burn, 34,
85; see atmosphere

Alkaline and acid solutions, 39

Alkalis: defined, 91

Allotropy : defined, 102

Ampére on heat of combustion,
229

Ammonia: preparation and pro-
perties, 180-181: volume, 57;
specific gravity, 58 ; percentage
composition, 94 ; density, 68;
in air, 216; brought down by
rain, 219: and plants and ani-
mals, 222-228; in coal, 283 ; in
nitrogen, prepared from, 178

Amorphous substances : defined,
99

Analysis, quantitative and quali-
tative, defined, 96

Analysis of water, 25, 159

Anhydrides: defined, 90 ; trans-
formed into acids, 172

Animals: and carbon-dioxide,
205, 207 ; andair, 217, 220, 222

Anthracite, 193-194: occurrence,
properties uses, 194

Antimony, 184 ; see metals

Apjohn : affinity and cohesion,
81: heat of combustion, 229

Arsenic : atomic volume, 53, 61

Arsenicum, 184

Artiads defined, 85

Atmosphere,215-224 : composition,
215-220; properties and uses,
220-223 ; weight and pressure,
228 ; height, 224; a mechanical
mixture, 165; pressure of ex-
periment, 20

Atoms, 13; size of, 14; juxta-
position in combination, 42

Atom-fixing power, 84

Atomic heat, 46

—— theory, 41, 47

volumes, law of, 53; excep-
tion, 53, 61 ; relation to weights
and densities, 61 ; see volume

—— weights: defined, 28, 42;
table, 43; relations to volumes
and densities, 54, 61; and speci-
fic heat, 46 ; see weight

Atomicity, defined, 83-86

Attraction, varieties of, 20 ; table
or varieties, 30

Avogadro’s law, 58

Azote (nitrogen), 176

Ball and ring experiment, 15

Barium salt : insolubility, 200

Bases : defined and classified, 89

Basic radicles, table of, U7

Berthoilet’s rules for decomposi-
tion, 106

Berzelius on heat of combustion,
229

Bismuth, 184 ; specific heat of,
46 ; see metals

Bleaching agents, 121, 173

Blow pipe (fig. 40), 232 ; experi-
ments and borax, 201

Boiling point of water, 171

Bonds or links, symbolic, 85, 86

Bones, phosphorus prepared from,
186

Borax, uses of, 201
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Boron : occurrence, 200 ; prepara-
tion, properties, crystals, com-
pounds, 201

Boyle or Marriotte's law, 73

Bromine, 118, 121, 126

Cabbage, purple. experiments
with infusion, 89

Cadmium : atomic volume, 53, 61

Calcareous tufa, 209

Calcite, 98

Caloric of liquity, defined, 18

Candle, flame of, 230, 231 (fig. 45)

Capacity for heat defined, 17

Carbon, 191-198 ; natural varieties,
191 ; artificial varieties, 195;
propertios, 196

—— incandescent, 227 ; per-
centage of in coal and wood,
285 ; and oxygen, 181

Carbon-dioxide, 202-211 ; occur-
rence, preparatien, 202 ; pro-

erties, 203 ; compounds, 208 ;
iquid and solid, 210

—— in air, 216, 217, 220, 222

Carbon-monoxide, 211-213; pro-
paration, 211 ; properties, 212

Carbon-oxides, 202-214; in coal,
233

Carbonates, 202-214 ;
familiar, 214

Carre’s ice machine, 171

Cavendish’s eudiometer, 149, 158

Celsius deg'ees compared with
Fahrenheit, § ; rules for conver-
sion, 6

Centigrade (Celsius) thermomaeter,
5

list of

Chailletet and liquid oxygen, &c.,
132

Change, modes of chemical, 104

Charcoal : production and uses,
195-198

—— fires, danger of, 218

Chemical affinity : its action, 29

Chemical change, modes of, 104

—— equivalent : wrong use of
term, 28

——gymnasium (questions), 237-
252

INDEX.

Chemical harmonicon, 150

—— philosophy, 9

—— symbols : defined, 25 ; tables
of, 26, 27

Chlorides, list of, 122

Chlorine, 118-126; preparation,
119; properties, 121; with
metals, 122; with oxygen and
hydrogen, 123

—— and mercury densities, 60

—— combination with phos.
phorus, experiment, 32

Coal : distillation, 282; products,
283 ; analysis, 235

Coliesion, 14 ; see molecular attrac-
tion

Coke: manufactureand properties,

Combination : conditions neces-
sary for, 29; experiments, 82;
attended with evolution of heat
ete., 83

—— by weight, laws of, 40-45

—— by volume, laws of, 53; ex-
ceptions, 53, 61

changes by, 105

Combining pressure and tempera-
ture, 79

Combining proportions : defined, 28

——- weight, 79; sce molecular

Combustion (fire & light), 225-232 ;
igniting point, influence of
lLeight 226; materials, 2326,
incandescence and flame, 227 ;
heat of, 228-229 ; candle flame,
250-281 ; blowpipe, 232

—— due to combination; 181;
classes of gases used, 180; and
carbon-dioxide, 204-207

—— of carbon, 197

Compound proportion, law of, 45

Compounds, chemical: defined,
23; laws of combination, 29,
40, 41, 44, 45; percentage com-
position, 94

—— nomenclature and notation,
48 ; formulse, 50, 51

Compuosition of water by volume
and weight, 162
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Compressible, water, slightly, 164

Condensation of volume, 56, 57

— of water, 157, 161

Constituent heat, 16

Contraction and expansion of
gases : equal, 54 ; experimental

laws, 69 ; examples, 70 ; formule

1

Conversion of heat into work, 153

Copper : chemical equivalent, 83

—— with sulphur, 81; nitrate of,
and tinfoil, 81, 88; used in pre-
paring nitrogen, 178

—— oxide: decomposition, 152,
162

Crgufurd on heat of combustion,

28
Crith, unit of liter-weight, 67 ; use,

68

Orystals, defined, 99; forms, 100

Orystalline systems, 100 ; miner-
als, 103

Orystallization, water of, 165

Crystallography, 99

Dalton’s atomic theory, 41, 69

Davy, Sir H., safety-lamp, 30;
heat, friction, 10; heat of com-
bustion, 229; candle flame, 230

Decomposition ; changes by, 105 ;
of cupric oxide, 152; of water,
25, 169

Definite proportion, law of, 42, 45

Density, see specific gravity

—— maximum, of water, 166

Derivation: of salts from acids,
91; from standard types, 93

Dialysis by liquid diffusion, 81

Diamonds: properties, 191; uses,
occurrence, Koh-i-noor, 192;
combustion, 198, 229

Ditfusion of gases, 80, 217

Dimorphous, defined, 100, 102

Displacement, changes by, 105

Distillation : water, 157; coal,
232

Divisibility of matter, 13

Doberein’s lamp, 151

Drummond, Captain, and lime-
light, 165
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Dulong and Petit’s law of atomio
heat, 46, 60

Dumas on parts by weight of
water, 163

Dust in the air, 223

BEarth's crust, 28, 98

Fggs, novel method of boiling, 11

Elasticity of water, 164

Electric analysis of water, 25,159 ;
synthesis, 160

Electric pistul, 148

Klectric spark: temperature of, 35

Electricity, 9 ; evolution of, during
chemical combustion, 38

El:ctro-chemicul decomposition,

6

Electro-positive and negative, de-
fined, 24

Electrotype, defined, 24

Element : defined, 23 ; number of
elements, 25 ; list of, 26, 27

Elements, the ancient, 235

Empirical formula, 94

Energy, heat and form of, 12

English and French measuros, 1;
tables, 4, 7

Epsom salts, 165

Tquivalent proportions, defined,28

Fquivalonts, chemical, 83

{romacausis, 200, 222

Ether of space, 9; imponder-
able, 10

Ether, sulphuric : as solid, liquid
and vapour, experiment, 12

FEudiometer, 149, 158, 160, 217

Evaporation : of water, 171;
freezing by, 171

Examination questions, 237-252

Expansion and contraction of
gases, 19, b4 ; oxperimental Jaws,
69 ; examples, 70 ; formulee, 71

Experimental laws, 69

Fahrenheit comparedwith Celsius,
5 ; rules for conversion, 6

Fuaradsy : eclectro-chemical de-
composition, 46 ; air, 221

Filters, charcoal, cleansed, 197

Fire and light, 225-232: ses
combustion
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Fire-damp, 86

Flame : and incandescence, 927 ;
of candle, 230-231

Florentine experiment, 14

Fl:gsrine. 118, 126 ; and oxygen,

Formul®, chemical, 50, 59, 94

Fr;nklu.nd, Dr. : luminous flame,

27

Froezing of water, 167-171

French and English measures, 1;
tables, 4-T

Friotions : ice liquefied by, 10;
heat converted into motion by,
11

Frost, action of, 168

Galloway : experiment of phos-
phorus and oxygen in water, 33

Gases: atomio volume, 53 ;
expansion and ocontraction, 19,
54, 69-71 ; specific heat of, 19 ;
diffusion, 80 ; diffusive power,
81 ; all soluble in water, 164 ;
gases in coal, 283

Gas-volume, 53

Gaseous molecules : equality in
volume and number, 58

Gerhardt : unitary system, 55, 92

Glauber’s salt, 168

Gold : porous, 15 ; see metals

Graham on diffusion of gases, 81

Graphite, 193, 194, 198

Gravitation : its action, 29

Gravity, specific ; sce specific

Gay Lussac’s law, 69, 70

Gymnasium,chemical,(questions),
237-252

Hair-wash, 173

Halogens, 118, 126

Hard waters, 174

Hardness of minerals, scalo of, 104

Hoat, 9; molecular vibration, 10;
a form of energy, 12; molecular
repulsion identical with, 16;
states of mattor dependent on,
16 ; constituent and latent, 16 ;
quality of, defined, 17 ; quantity
and intensity, 181; evolved by
change of solid to liquid, 168;

INDEX,

evolution of, attending combina-
tion, 83 ; see temperature

Heat, unit or degree of, 18

—— units converted to work
units, 158

—— of ccmbustion, theories, 228,
229

—— atomic, 46 ; specific, 17, 46

Height of atmosphere, 224

HO, the radicle, 172

Hofmann's formula, 69, 71

Hydrates: how formed, 165

—— of basic oxides, 89

—— metallic, and acids, 162

—— from metallic oxides, 172

Hydrocarbons, 226

Hydrochloric acid: preparation,
125; properties, 126; volume,
56 ; specific gravity, 57, 68; see
hydrogen

Hydrofluoric acid and silicon, 199

Hydrogen, 108, 118; history,
occurrence, properties, 108;
preparation, 111; quantitative
caleulations, 116

—— a metal, 25 ; diffusive power,
81; solubility, 159

—— unit of reference, 43, 53, 55,
64, 67, 84

Hydrogen: in coal, 283; with
chlorine, 124; and oxygen, 148-
155; and sulphur, 144

—— peroxide, 173; sulphide in
air, 216

Ice: latent heat of, defined, 18;
as protector of life, 167 ; specific
gravity, 168

Iceland spar : experiment illus.
trating cohesion and affinity, 81

Igniting point, 226

Impenetrability of matter, 9

Incandescence and flame, 227

Incandescent solid, 155

Indian measures: Poona Seer, 4

Iodine, 118, 131, 126 ; sublimation,
12

Iron: specific heat of, 21, 22; pro-
portions of, in combination, 41;
dialysed, 81
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Iron, divisibility of metallic, 18 ;
ggntmction of,when hammered,
—— ore and carbon-monoxide,218
—— wire and oxygen, exp., 130
Irvine on heat of combustion, 228
Isol‘l)l;rlc defined, 102; changes,

Isomorphism, doctrine of, 63

Isomorphous, defined, 100, 102

Lamp-black : producmon and use,
196

Latent heat, 16 ; measure of, 17 ;
of steam, 19

Laughing gas, 183

Litmus, tincture of, experiment,39

Lead pipes, &c., and soft water,175

Lead, tartrate of, action when
finely divided, 38

Leyden jar, 149, 161

Light, 9; evolution of, attending
combination, 38

Light and fire, 225-232
bustion

Lightning and nitrio acid, 180

Lime-light, 155

Lime-water and carbon-dioxide,
205, 207 ; milk of lime, 174

Links or bonds, symbolic, 85, 86

Liquefaction: of carbon-dioxide,
210; of oxygen and nitrogen,132

—— of water, latent heat of, 18

Liquidity, caloric of, 18

Manganese perondo, oxygen, pre-
pared from, 18

Magnesium and cn.rbon oxide, 207

Marriotte or Boyle’s law, 78

Maxrsh gas, 36, 161, 226, 228, 233

Matches, 187

Matter, properties, 9 ; three states,
11 ; divisibility, 18 ; smallest
bulk, 59 ; indestructibility, 225

Measures and weights : tables of
French and English,4, 7; Poona
Seer, 4; see unit

Meat, nitrogen prepared from, 178

Mendelejeff’s periodic law, 335

Mercury : atomioc volume, 53, 61

—— and chlorine densities, 60

; see com-
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Metals : tables of specific heats,

21 % perties of, 28; list of,
emical uiva.lenta, 83;

dmsolved by nitno acid, 182

Metallio oxides and bomx, 201

Metalloids : distinguished from
metals, 23 ; list of, 27

Metrio system, 1-8

Minerals, 98, 106

Mineral waters, 178

Mineralogy, 99

Moisture in air, 216 ; proved, 219

Molecule: defined, 14, 29 ; smallest
bulk of matter, 59

Molecules, gaseous, 56, 59

Molecular attraction, 14 ; repul-
sion, 16 ; distinguished {rom
other attractive forces, 80

—— vibration, heat regarded as,
10

—— volumes, equality of, 55, 63
—— weights,and specific gravities,

Monsoons and supply of nitrogen,
180

Motion, heat, & form of, 10

Multiple proportions, law of, 41,42

Negative pole, 24

Newlands’ periodic law, 285

Nitre, 176, 182

Nitrates, 184 ; list, 190

Nitric acid : preparation and
properties, 181-182; in air, 216

—— anyhydride : preparation
and properties, 184

—— oxide : preparation and pro-
perties, 183

Nitrites, 184

Nitrogen, 176-184 ; discovery,
name, occurrence, 176; prepa-
ration, 176-179 ; properties, 179 ;
compounds, 180-184

—— liquefaction, 133

——in air, 215, 216, 221; com-
bination with oxygen, 84, 40

Nitrous oxide: preparation and
properties, 183

Nomenclature, 48 ; not uniform,

52
17
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Notation, 48

Qdling, Dr., on nomenclature, 52

Oil of vitriol: its various names,
52; use, 182, 186

Olefiant gas, 226, 228 ; in coal, 233

Oxides, basic, 89

—— gee carbon, nitrogen, &o., &c.

—— metallic: into hydrates, 172

Oxy-acids chlorine, 124

Oxygen, 127-140 ; history, occur-
rence, properties, 137 ; prepara-
tion, 182, 188; quantitative
calculations, 186

—— multiples of weight in com-
pounds, 41 : liter-weight of, 66

—— solubility, 169

—— in air, 215-224

Oxygen in combination with
chlorine, 123 ; with carbon, 202-
214 ; with nitrogen, 34, 40; with
phosphorus, 82-83; with sul-
phur, 145

—— absorbed by phosphorus, 219

Oxy-hydrogen : temperature of
ili;me, 85; flame and blowpipe,

4

Qzone, 135 ; in air, 216

Paris, experiments made in, 10

Particle, ultimate chemical, 13

Periodic law, 235; table, 236

Perissads defined, 85

Peroxides : oxygen prepared from,
140

Petit & Dulong: law of atomic
heat, 46, 60

Philosophical candle, 150, 154

. Phosphates: occurrence, 185-186 ;
list, 190

—— anhydride: preparation and
properties, 188

Phosphoric acid, 186, 187; pre-
paration and properties, 189

Phosghorus. 184-190; oocurrence
and properties, 185; preparation,
186; uses, 187; compounds,
188-190

—— atomic volume, 53, 61

— combination with oxygen
experiments, 82, 129: with

INDEX,

chlorine, 83; in water, 83; ab-
sorbs oxygen, 219; used in pre-
paration of nitrogen, 177

Phosphuretted hydrogen; prepa-
ration and properties, 188

Pictet and liguid oxygen, &o.,
132

Plants: and carbon-dioxide, 209;
and air, 217, 220, 222

Platinum, spongy, and oxygen
and hydrogen, 151

Plumbago : occurrence and proper-
ties, 193

Polymeric, defined, 102

Pores between molecules, 14

Porosity of matter, 15

Positive pole, 24

Potassium : and decomposition of
water, 111 ; and silicic acid, 200

—— chlorate, oxygen prepared
from, 133

—— ferrocyanide : changes solu-
tion of iron, blue, 18

Precious stones composed of
silica, 198

Pressure : influence on volume,
laws of, 73, 75; calculations
& formule, 74-79; problem, 76

-— constant & constant volume,

——, atmospheric, 30, 228-224

—— and temperature : standard
of, 54; gases equally affected
by them, 54

Priestley, Dr., and oxygen, 183

Proportion by weight in chemical
combination ; laws of, 89;
muliple, 41, 42, 45; definite or
constant, 42, 45; reciprocal,
44, 45 ; compound, 45

Proportions of metals by weight,
relative, 83

Prout's law, 235

Qualitative and  quantitative
analysis, defined, 96

Quantity of hcat: the term
explained, 16

Quantivalence, defined, 88; unit
of, 84 ; table, 86
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Questions (chemical gymnasium
937959 grmnasium),

Radicles defined, 86 ; classifica-
tion, 87 ; table, 97

Rational formula, 94

Re-arrangement, changes by, 105

Reciprocal proportion, law of, 44

Reducing agent, hydrogen as, 152

Reduction, changes by, 105

Regnault on latent heat of steam,
19

Repulsive force, porosity of matter
due to, 16

Resolution, changes by, 105

Ring and ball experiment, 15

Rumford : boile water by friction,
10

Safety-lamp, 36

Salt, common, analysed, 40 ; used
in preparation of chlorine, 119

Salts : defined, 87 ; classified, 90 ;
derived, 91 ; decomposition of,
106 ; table of solubility, 107;
per centage composition, 95, 96

Balts and water combined in
crystals, 165

—— metallic, in fine " state of
division easily ignite, 38

Saltpetre, 176, 182

Sea-water, 175

Seer, Poona, 4

Selenium : how classed,27,140-141

Silicates, natural, nonconform.
able, 92

Silicon, 198-200 : occurrence, 198;
preparation, crystals, properties,
199; compounds, 200

Silver: chemical equivalent, 83;
see metals

Simple substance, defined, 23

Sky, cause of blue colour, 224

Sodium: and decompositions of
water, 111 ; and silicic acid, 200

Soft waters, 174

Softening of water, 174

Bolubility of salts, 107; of gases,
164 ; of solids, 178

Solution: favours chemical action,
38; red and green, 89

259

Specific gravity: of gases, 54-65,
79; of solids and liquids, 104
Spegiﬁc heat, and atomio weight,

4

—— heat of & substance defined,
17; of gases, 19, 20; of metals,
table, 21

Specific volume, see Volume

Spectrum analysis, 25

Standard of temperature and
pressuro, 54

Stalactites and stalagmites, 209

Steam :  volume and specifie
gravity, 57; heat of, 18

Sublimation, 12

Substitution, changes by, 105

Sulphates, list of, 147

—— and silico-fluorides, 200

Sulphur, 140-147 : occurrence and
properties, 141; compounds,
148; and hydrogen, 144 ; and
oxygen, 145

—— and oxygen, exp., 129, 180,
and copper, 81 ; and charcoal,38

—— a8 golid, liquid, and vapour,
experiment, 11; multiples of
weight, 41

Sulphuretted hydrogen: combus-
tiun, 161

Sulphuric acid, 146

Symbols, chemical: defined, 25;
table of, 26, 27

Synthesis of water, 158, 160

Technical terms, defined, 83

Tellurium : how classed, 27, 140,
141

Temperature : degree of, 17; the
lowest observed, 211; igniting
point, 226 ; boiling point, 171;
absolute zero, 82

—— and pressure: standard of,
54; gases equally affected by
them, 54

—— & necessary ocondition for
combination, 83

——, combining, 79

——, effects on water, 166-172

——, law of expansion of gases, 69
examples, 70; formule, 71, 78
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Terms, technical ; defined, 83-96

Thenard and hydroxyl, 172

Thermal unit, 18

Thermometers, 5

Thompson, Sir W.: on size of
afoms, 14

Tin: specific heat of, 46; see
metals

Trensferring jar, 149

Travertine, 209

Tygnz%a.ll on heat of combustion,

Types, theory of, 92

Units of measurement, 1 ; tables,
4, 7; hydrogen as unit, 43, 58,
55, 64, 67, 84 ; unit of heat, 17,
18 ; unity of specific gravity of
solids and liquids, 104; unit of
work, 22

—— of heat converted to ‘work
units, 163

Unitary system of chemistry, 55

Urea and ammonia, 223

Urine and phosphorus, 186

Vapour-densities,60-61; seespecific
gravity

Violets, tincture of, experiment,
89

Volumes, law of, 53 ; exceptions,
58, 61

Volume, specific : formula, 83

——, gas at constant, and constant
pressure, 19

——, easier to measure than
weight, 56

—— composition by, gives com-
position by weight, 162

——, 8e¢ Atomic

Volume-weights : calculation of,
66 ; relative, 68-69

Water, 156, 175; occurrence and
purification, 156; composition,
formation, 157; analysis, 169;
synthesis, 160 ; properties, 164-
172; oxidised, 172; mineral
waters, 178; hard water, 174 ;
polluted, 175 ; sea water, 175

INDEX,

Water, properties of, 164, 178;
non-combustible, colour, com-
pressible, all gases soluble in,
164 ; compounds, 165; effects
of temperature on, 166-172;
weight, 167 ; latent heat, 167 ;
ice, 167-171; boiling point, 171 ;
evaporation, 171; capacity for
heat, 171 ; dissolving power, 178

——, elements of, 40 ; decomposi-
tion, 113; heated by friction,
10; as unity of speoific heat,
17;; unit of specific gravity, 104;

—— and chlorine oxides, 124

—— and carbon dioxide, 210

——, temperature at which phos-
phorus and oxygen will combine
in, 83

Water of crystallization, 165

Water-gas: density, 68; see
steam

Weight, a property of matter, 9

Weight, proportions by, in chemi-
cal combination, 39

——, composition by, deduced
from composition by volume,
162 :

Woeights and measures: tables of
French and English, 4, 7;
Poona Seer, 4; see unit

Weights, atomic, 42, 43, 46, 60 ;
defined, 28; tables, 43, 61

——, molecular, §9

Williamson, Prof., on heat of
steam, 18

Wire gauze:
flame, 37

Wollaston’s cryophorus, 171

Wood-gas, 334 ; composition, 285

Work, unit of, 22; and heat unit,
153

Zero, absolute, 82

Zinc: atomic volume, 63, 61:
specific heat, 46; chemiocal
equivalent, 83; oxidation and
electricity, 47,; decomposition
of water, 114

screen of, stops
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Geometrioal Opt'cs, An Elementary Treatise on. By W. 8. Aldis, M.A.
4th Edition. Crown 8vo. 4s.

Notes on Roulettes and Glissettes. By W. H. Besant, D.Se., F.R.S.
Follow of St. John's College, Cambridge 2nd Edition, Enlarged. Crown 8vo. 5s.

Rigid Dynamics, An Introductory Treatise on. By W. 8. Aldis, M.A,
Orown 8vo. 4s.

Elementary Dynamics for the usc of Colleges and Schools, By William
Garnett, M.A., D.C.L., Fellow of St. John's Colloge, Cambridge, Principal of
the Oulloge of Physioal 8 :ence, Newcastle-upon-Tyne. 5th Edition, Revised.
Crown 8vo. 6s.

Dynamics, A Treatise on. By W. H. Besant, D.Sec., F.R.S. Crown 8vo.
2nd Rdition, 10s. Gd.

Heat, An Elementary Treatise on. By William Garnett, M.A., D.C.L.
6th Kdition, Revised, Crown 8vo. 4s. 6d.

Blementary Hydrostatics. By W. H. Besant, D.Se., F.R.S. 16th Edit.
Orown 8va. 4 6d. Key, 58,

Hydromechanics, A Treatise on. By W. H. Besant, M.A., D.Se.
Part I. Hydrostatios. 5th Edition, Revieed and Enlarged. Crown 8vo, 5s,
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PITT PRESS MATHEMATICAL SERIES.

Arithmetio for Schools. With or without Answers. By C.Smith, M.A.,
Master of Sidney Sussex College, Cambridge. Extra foap. 8vo. 3s. 6d.

Euclid. Elements of Geometry. Books I.-VI. Edited by H. M.
Taylor, M.A., Fellow and formerly Tutor of Trinity College, OCambridge. Extra
fcap. 8vo. 43,

Books I.and II. . .. 1s 6d. | Books V. and VI, .. ... ls6d.
Books III. and IV. ... 1s 6d. | Books I. to IV, .. s

SoruTioNs. Books I to IV. (W. W, Taylor, M.A.), 6s.

Elementary Algebra, with Answers to the Examples. By W. W.
Rouse Ball, M.A, Extra feap. 8vo .. 6d.

An Elementary Treatise on Plane Trigonometry for the use of Schools.
By E. W, Hobson, Sc.D., and 0. M. Jessop, M.A., Fellow of Clare College. Extra
feap. 8vo. 4s. 6d.

Elements of Statics and Dynamics. By 8. L. Loney, M.A., late
Fellow of 8idney Sussex College, Cambridge. 8rd Edition. Extra fcap. 8vo.
78.6d. Orin two parts. Purt 1. STaTIc8. 42 6d. Part II. DyNamics. Js. 6d.

SoLUTIONS OF THE F XAMPLES, complete in one vol., by the same author, 7s. 6d.

Mechanics and Hydrostatics for Beginners. By 8. L. Loney, M.A.
Extra foap, 8vo. 4s. Gd.

An Introduction to the Differential and Integral Calculus, for the use
of Students reading with or without the aid of a tutor. By Mathew Wyatt,
F.R.G.8., F.I.I. Crown 5vo. 3s. 6d (w.)

PHILIP'S MATHEMATICAL SERIES.

(See also Eramples and Evamination Papers, p. 10.)

ARITHMETICAL WORKS, by THOMAS W. P'IPER,
St. Katherine's Training College, London.

Elementary Treatise on Arithmetic. For Schoolsand Colleges. Crown
8vo. cloth, s, 6d.

Advanced Arithmetic for Schools and Colleges. New and Revised
Kdition. Crown 8vo. cloth, 3s. 61. Key, 5s. net.
‘The chief excellence of this Arithmetic is its completeness, 1t is full at all
points. It 1s never wanting either in detail or compass. . . . . Considerable
space is devoted to the ligher forms of cial arithmetio—interest, dis-

count, stocks, &c,—and this part is particnlarly well done,’ )
School Board Chroniole
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AporTED BY THE LONDON ScHOOL BoARD.

PIPER'S ‘STANDARD’' MENTAL ARITHMETIC. In six books:
Standards I. to VI. Feap. 8vo. stiff covers, each 1d.

Teacher's Book of Rules, Answers, Notes and Hints for Solutions.
Standards II. to VI. Feap. 8vo. each 3d. Standard I., Probl and A o
only, 2d,

The Complete Teachers’ Books for all Standards, with Answers.
Foap. 8vo. cloth, 2s,

In these Books of Mental Arithmetic the Book or each Standard is pre.
;)a'ratom to the Arithmetic for the nezt higher Standa The Exercises are care-
graduated and distinctly progressive.

Mental Arithmetic. For Schools and Colleges. New and Enlarged
Edition. Foap. 8vo. cloth, 2s, 6d.

“ Has had a deserved success.'—School Guardian,

Introductory Mental Arithmetic. Being a Short Exposition of the
uses of Mental Arithmetic, with Illustrative Examples, and a great number of
New and Original Exercises. Fcap. 8vo. stiff cover, 6d.

¢ A valuable little work,’—Scholastic World.

COomplete Manual of the Metric System, specially prepared to meet the

requirements of the New Code, 1891, 2nd Edition. Feap. 8vo. 52 pages, price 3d.
ANSWERS TO THE EXERCISES. 3d.

Arithmetical Wrinkles for Teachers and Students. By J. L. Richard-
son. Feap, 8vo. cloth, ls,

WORKS by JAMES MARTIN, Head Master of the Endowed School,
Wedgewood Institute, Burslem.

The Elements of Euclid, for Schools and Colleges, containing the First
8ix, and those parts of the Eleventh and Twelfth Books which are usnally read
at the Universitics, together with a valuable selection of Geometrical Problems
for solution. Crown 8vo. cloth, price 3s. 6d.

The above work may nlso be had in parts, as follow : —
THE ELENMENTS OF EvcLID, Book 1., with a selection of Geometrical Problems.
Cheap Edition, limp cloth, 64, Superior Edition, cloth, 1s. Books I. and II.,
in one volume, crown 8vo. cloth, 1s. 6d.

A Graduated Course of Problems in Practical Plane and Solid
Geometry. By the same. Crown 8vo. cloth, 3s. 6d.
First Grade Practical Geometry. Containing all that is necessary for

the First Grade Examinations, By David Bain, LL.D. Revised by H., Wilcocks.
In three parts, crown 8vo, stiff cover, each 3d,

A Class Book of Elementary Mechanios. With numerous Illustrations,
By William B, Hewitt, B.8c. Crown 8vo. 3s.
Or in two parts. Part I. MATTER, 1s. 6d. Part I1. Forcr, 2s,

TABLE BOOKS. An assortment from #d. to 3d.
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OTHER MATHEMATICAL BOOKS.

Plane Astronomy, An Introduction to. By P. T. Main, M.A., Lecturer
and Fellow of Bt. John's College, Cambridge. 6th Edition, Revised. 4s,

Conic Sections treated Geometrically. By W. H. Besant, M.A., D.Se.,
late Fellow of St. John's College, Cambridge. 8th Edition. 4s. 6d. Solutions to
Examples. 2nd KEdition, Revised. 4s.

Newton's Principia, The First Three Sections of, with an Appendix;
and the Ninth and Eleventh Sectious. By J. H, Evans, M.A., 8t. John's College,
Cambridge. The 5th Edition, Edited by P. T. Main, M.A, 4s.

Anslytical Geometry for Schools. By T. G. Vyvyan, Fellow of Gonvilie
and Caius College, Cambridge, and Mathumaticnl Master of Charterhouse. 6th
Edition, Revised. 4s. 6d.

Pure Mathematics and Natural Philosophy, A Compendium of Facts
and Formulw in, By G. R. Smalley, F.R.A.8. New Edition, Revised and Enlarged
by J. McDowell, M.A., FR.A.8. s,

Euclid. The Enunciations and Figures belonging to the Propositions in
the First Six aud part of the Eleventh Bouks of Euclid’s Elements prepared for
Students 1n Geometry. By the Rev. J. Brasse, D.D. 1s. Without the Figures, 6d.

Elementary Mechanics. By J.C. Horobin, B.A., Principal of Homerton
Training College. In Three Stages. Crown Svo. with numerous Illustrations,
1s. 6d. each.

‘The capital and numerous illustrations, and the questions following each

g , together with the couvincing character of the writing, will make this
universn.?ly used.’—Teachers’ Aid.

‘I‘heoretlcal Mechanics. Division I. By J. C. Horobin, B.A. Crown
8vo. 2s. 6d.

Hydrodynamics and Sound. An Elementary Treatise. By A. B.
Basset, M.A., F.R.8,, formerly Scholur of Trinity Collego, Cambridge. Demy
8vo. 7s, 6d.

Theory of Numbers. An account of the Theories of Congruencies and
of Arithmetical Forms. Ry G B. Mathews, M.A., Professor of Mathematics in
the University College of North Wales. Part I. Demy 8vo. 12s,

Treatise on Elementary Dynamics. By S. L. Loney, M.A. New and
Enlarged Edition. Crown 8vo. 7s. 6d. (C.)

S0LUTIONB TO THE EXAMPLES, by the same author. 7s, 6d.
Plane Trigonometry. By S. L. Loney, M.A. Crown 8vo. 7s. 6d.
Or in separate Parts,

Part 1. up to and including the BoLuTION OF TRIANGLES. S5 (C)
Part. II. ANaLyviCcAL TRIGONOMETRY. 3s. 6d.

Treatise on Elementary Hydrostatics. By J. Greaves, M. A., Fellow of
Ohrist’s College, Cambridge. Crown 8vo. 5s. (C.)

Treatise on Geometrical Optics. By R. S. Heath, M.A., Professor of
Mathematics in Masen Sci College, Birmingham. Demy 8vo. 12s. 6d. (C.)

Elementary Treatise on Geometrical Optics. By R. 8. Heath, M.A
Crown 8vo, 5s. )
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EXAMPLES AND EXAMINATION PAPERS.
Examples in Arithmeiic. By C. Pendlebury, M.A, 5th Edition, 3s.

Examination Papers in Arithmetic. By C. Pendlebury, M.A, 2nd
Edition, 2s.6d. Key, 5s. net.

The Caxton Arithmetical Test Cards. Six packets in cloth casges.
Standards II, to VII. With Answers. 1s. each. (e.)

Exercises and Problems on the Multiplication Tables. For Standard I.
:(l’f:loo to 8ix times). Fecap. 8vo. 1d. Standard IL. (Seven to Twelve t?i’m).).

cases, Standards II, to VII. 1s. each.

A Complete Course of Arithmetical Examples and Exercises. By
Thomas W. Piper, 8t. Katherine’s Training College, London. Designed to accom-
Emy the ¢ Advanced Arithmetic,” but may be used with any other Arithmetical

'ext-book., With Answera. Crown 8vo. eloth, 3s.

The ‘ Government’ Arithmetical Test Cards. Six packets in cloth
(P.)

Exercises on Euclid and in Modern Geometry. Containing Appli-
cations of the Principles and Processes of Modern Pure Geometry. By the
late J. MoDowell, MI F.R.A.8., Pembroke College, Oambridge, and Trinity
Oollege, Dublin, 4th Edition, Orowu 8vo. 6s.

A Progressive Course of Examples in Algebra. By the Rev. W. F.
Z:Inz:;lchael and R. Prowde Bmith, M.A. 4th Edition. 3s. 6d. With Answers,
S,

Exercises in Algebra up to Simple Equations, for the use of Beginners,
and adapted for S8tandards IV., V., and VI. of New Code By Allen W. Whit-
worth, M.A.,, Fellow of 8t. John's bollege, Cambridge. Feap. 8vo. stiff cover, 6d.;
bound in cloth, 9d. (P.)

BExamination Papers in Trigonometry. By G. H. Ward, M.A. 2nd
Edition, Orown 8vo. 2s. 6d. Koy, 5. net.

Mathematical Examples, Pure and Mixed. Arithmetic, Algebra, Trigo-
nometry, Mensuration, Theory of Equations, Analytical Geometry, Statics, and
Dynamics. By J. M. Dyer, M.A., and R. Prowde Smith, M.A. 6s.

A Collection of Examples and Problems m Amhmetnc, Algebrn,
Geometry, Logarithms, 1rig Coni M &o.,
Answers and Occasional Hints. By the Rev A. Wrigley. 10th Edmon, 20th
Thousand. 8s. 6d. Key, 10 6d.

Examination Papers in Bookkeeping. Collected or written by J. T.
Medhurst, A.K.C., F.8.8., Fellow of the Society of Accountants and Auditors,
and Lecturer at the City of London College. 2nd Edition, 3s.

Mechanios. A Collection of Problems in Elementary Mechanics, By
W. Walton, M.A., Fellow and Assistant Tutor of Trinity Hall, Lecturer at
Magdalene Oollege, Cambridge, 2nd Edition, Revised, Crown 8vo. 6s,

Elomentu‘y Phyaios, Examples and Examination Papers in. Statics,

ynamics, Hydrostatics, Heat, Light, Chemistry, Electricity, London Matricula-

tlon. O;mbrhi{e B.A., Edmbnrgh Glasgow, Bouth Kensington, Cambridge Junior-

and Benior Papers, and Answers. By W. Gallatly, M.A., Pembroke College,
Cambridge, Assistant Examiner, London University. Crown 8vo. 46
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ENGLISH CLASSICS ANNOTATED.

BELL’S ENGLISH CLASSICS.
A New Series, edited, with Introductions and Notes. Crown 8vo.

*Lamb's Essays. Selected and Edited by K. Deighton, late Principal
of Agra College. 3&. Bewed, 2s.

*Byron’s Childe Harold. Edited by H. G. Keene, M.A., C.LE,,
Author of ¢ A Manual of French Literature, &c. 3s. 6d. Also Cantos I. and II.
separately. Sewed, 1s. 9d.

*Byron’s Siege of Corinth. Edited by P. Hordern, late Director of
Public Instruction in Burma. 1s. 6d. Sewed, ls.

*Macaulay's Lays of Ancient Rome. Edited by P. Hordern. 2s. 6d.
Bewed, 1=, 9d.

*Massinger's A New Way to Pay Old Debts. Edited by K, Deighton.
8s. Sewed, 25.

*Burke’s Letters on a Regicide Peace. I. and II. Edited by
H. G. KreNg, M.A,, C.ILE. 3s, Sewed, 2s,

*Milton's Paradise Regained. Edited by K. Deighton. 2s.6d. Sewed,
1s, 9d.

*S8elections from Pope. Containing Essay on Criticism, Rape of the
Lock, Temple of Fame, Windsor Forest. Edited by K. Deighton. 2s. 6d.
Sewed, 1s. 9d.

*Goldsmith's Good-Natured Man, and She Stoops to Conquer.
Edited by K. Deighton. [In the press.

*Milton's Paradise Lost. The first four books each separately. Edited
by R. G. Oxenham, M.A., late Principal of Elphinstone College, Bomb;y.

[Preparing.
*Selections from De Quincey. The English Mail Coach, and The Re-
volt of the Tarturs. Edited by Cecil M. Barrow, M.A., Principal of Victoria

College, Palghat. (In the press.
*Macaulay's Essay on Lord Clive. Edited by C. M. Barrow, M.A.
New and Revited Edition. [ Preparing.
*Shakespeare’s Henry V. Edited by C. M. Barrow, M.A. New and
Revised Edition. [Preparing.
*Selections from Chaucer. Edited by J. B. Bilderbeck, M.A., Professor
of English Literatuare, Presidency College, Madras. [Preparing.

Shakespeare's Julius Ceesar. Edited by T. Duff Barnett, B.A. Lond. 2s.

Shakespeare's Merchant of Venice. Edited by T. Duff Barnett, B.A.,
Lond. 2s.

Shakespeare's Tempest. Edited by T. Duff Barnett, B.A. Lond. 2.

* These volumes are specially adapted to the requirements of
Indian Students.
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Johnson's Life of Addison. Edited by F Byland M.A,, Author of
¢ The Students’ Handbook of Peychology,’ &ec.

Johnson's Life of Swift. Edited by F. Ryland, M.A. 2s.

Johnson's Life of Pope, Edited by F, Ryland, M.A, 2s. 6d.
Johnson's Life of Milton. Edited by F. Ryland, M.A. [Preparing.
Browning's Strafford. Edited by E. H. Hickey. With Introduction by

8. R. Gardiner, LL.D. 2s. 6d.
Others to follow.

THE PITT PRESS SERIES OF ENGLISH
CLASSICS.

A Uniform Series for use in Schools, with Introductions and No!es.
Ecxtra feap. 8vo.
An Apologle for Poetrle. By Sir Philip Sidney, Edited by E. 8
Shuckburgh, M.A. 3s,

Bacon's History of the Reign of King Henry VII. With Notes by
J. R. Lumby, D.D., Lady Margaret Professor of Divinity, and Fellow of 8t.
Oatharine's College. 8s.

Cowley’s Essays. With Introduction and Notes. By J. R. Lumby,
4s.

.D.

Milton, Arcades and Comus. IEdited, with Introduction, Notes, and
Indexes, by A. W, VERITY, M.A., sometime Snholar of Trinity College. 3s.

Ode on the Nativity, L’Allegro, Il Penseroso, and Lycidas.
By the same Editor. 2s. 6d.

Samson Agonistes, with Introduction, Notes, and Indexes by
the same Editor. 2s. 6d.

Paradise Lost. Books L. and II, By the same Iiditor. 2s.
Paradise Lost. Books IIL. and IV. By the same Editor, 2s,
Paradise Lost. Books V. and VI. By the same Editor. 2s.

———— Paradise Lost. Books VIL and VIII. By the saine Editor.
[In the press.
Paradise Lost. Books XI. and XII. By the same Edltor pr23.

More's History of King Richard III. Edlted with Notes, Glossary,
and Index of Names, by J. R. Lumby, D.D. 3s. 6d.

More’s Utopia. With Notes by J. Rawson Lumby, D.D. 3s. 6d.

Two Noble Kinsmen. Edited, with Introduction and Notes, by Pro-
fessor Skeat, Litt.D., Fellow of Christ's College, Cambridge. 3s. 6d.

Shakespeare. A Midsummer-Night's Dream. With Introduction,
Notes, and Glossury by A. W. Verity, M.A. Third Edition. 1s. 6d.
[The Pitt Press Shakespeare for Schools.]
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ENGLISH CLASS- BOOKS AND
LITERATURE.

‘Webster's Brief International Dictionary. With 800 Illustrations. A
Pronouncing Dictionary of the English Languaze. Abridged from Webster’s Inter.
national Dictionary. With a Treatire on Pronunciation, List of Prefixes and
Suffixes, Rules for Spelling, » Pronouuncing Vocabulary of Proper Names in His-
tory, Geography, and Mjthology, and Tables of Englich and Indian Money,
‘Weights, and Measures. 564 pages. Demy 8vu. 3s,

The Elements of the English Language. By Ernest Adams, Ph.D.
26th Edition. Revised by J. F. Davis, D.Lit., M.A. (Lond.) Post 8vo. BSpecial
Edition for India only, 3s. 6d.

The Rudiments of English Grammar and Analysis. By Ernest
Adams, Ph.D. 19th Thousand. Feap. 8vo. ls.

Ten Brink's History of English Literature.

Vol. 1. EARLY ENGLISH LITRRATURE (to Wyclif). Translated by Horace M.
Kennedy, Professor of German Literature in the Brooklyn Collegiate Institute.
3s. 6d.

Vol. II. (Wyeclif, Chaucer, Earliest Dramq, Renaissance.) Translated by
W. Clarke Robinson, Ph.D., formerly Lecturer in Durham University, &o. 3s, 6d.

Elements of Comparative Grammar and Philology. For use in
Schools. By A. C. Price, M.A., Assistant Master at Leeds Grammar School, late
Scholar of Pembroke College, Oxford. Crown 8vo, 25, 6d.

Bell's Shakespeare's Plays. Kemble's Reading Edition. With Ex-
planatory Notes for School Use. Liwmp cloth, 64 ench.
JULIUS CAESAR.~THE MERCHANT OF VENICE. —KING JOHN.—
HENRY THE FIFTH.—MAOBETH.—AS YOU LIKE IT.

Notes on Shakespeare’s Plays. Introduction, Summary, Notes
(Etywological and Explanatory), Prosody, Grammatical Peculiarities, &c. By
T. Duff Barnett, B.A, Lundon. Crown 8vo. 1s. each. (Nu Tuit.)
MIDSUMMER NIGHT’S DREAM.—JULIUS CAESAR.— THR TEMPEST.
—MACBETH.—HENRY THE FIFTH.—HAMLET.—MERCHANT OF VENICE.
—KING RICHARD II.—KING JOHN.—KING LEAR.- CORIOLANUS.

Essays and Notes on Shakespeare, &c. By J. W. Hales, M.A,, late
Clark Lecturer in English Literature at Trinity College, (‘nwhridge. New
Edition, Crown 8vo. 5s.

Critical Essays on Shakespeare’s Plays. By W.Watkiss L'oyd. Feap.
8vo. cloth, 2s. 6d,
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Handbooks of English Literature. Edited by J. W. Hales, M.A,, late
Olark Lecturer in English Literature at Trinity College, Cambridge, Professor of
English Literature at King's Oollege, London. Orown 8vo. 3s. 64, each.

In active preparation.
THE AGE OF OHAUCER. By Professor Hales.
THE AGE OF SHAKESPEARE. By Professor Hales.
THE AGE OF MILTON. By J. Bass Mullinger.
THE AGE OF DRYDEN. By Richard Garnett, LL.D.
THE AGE OF POPE. By John Dennis.
THE AGE OF WORDSWORTH. By Professor 0. H. Herford.

Other volumes to follow.

Synonyms Disoriminated. By Archdeacon Smith. A Dictionary of
Synonymous Words in the English Language, showing the accurate signification
of words of similar meaning. Illustrated with Quotations from Standard Writers.
‘With the Author’s latest Corrections and Additions. Edited by the Rev. H. Percy
Smith, M. A., of Balliol College, Oxford. Demy 8vn,

A SPECIAL EDITION FOR INDIA ONLY, 7s. 6d.

Synonyms and Antonyms, or Kindred Words and their Opposites.
Oollected and Oontrasted by Ven. O. J. Smith, M.A. Revised Edition. 5s.

The Queen's English. By Dean Alford. A Manual of Idiom and Usage.
6th Edition. Foap. 8vo. 58, Cheap Edition, 1s. or 1s. 6d.

Bohn's Dictionary of Poetical Quotations. 4th Edition. 6s.

‘Mr. Bohn's volume has the rare recommendation of being entirely free from
the rubbish which is commonly thrust into similar collecti is selecti
have been made from a long and extensive courre of reading, and it everywhere
bears evidence of a scholar’s eye and taste. There must be, as we judge, nearly
8000 quotations in the volume, ranging from Chaucer to Tennyson.'—Tintes.

Handbook of Proverbs. Containing an entire Republication of Ray’s
Oollection of English Proverbs, with his additions from Foreign Languages and a
complete Alphabetical Index; in which are introduced large additions as well
of Proverbs as of Sayings, Sentences, Maxims, and Phrases, collected by
H. G. Bohn. 5s.

GRAMMATICAL WORKS by C. P. MASON,
Fellow of University College, London.

Code Standard English Grammar. Adapted to the Standards of the
New Code.
Part L—Nouns aND VERBS (for Standard IL.). 2d.
Part II,—THE REMAINING PARTS OF SBPEECH (for Standard IIL.). 2d.

Part IIL~ParsiNG (for Standards IV., V., and V1.), with Recapitulation of
Definitions, &e. 8d.

Part IV,—ANaLysIs oF SENTENCES (for Standards V., V1., and V1I.). 8d.
Part V.—Fms;l%l)tss%ﬂa IN Worb-BuiLpiva (for Standards V., VI, and
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First Notions of Grammar for Young Learners. By C.P. Mason, B.A.,
F.C.P., Fellow of University College, London. 15th Editjon, 85th thousand,
revised and enlarged. Foap. cloth, 1s,

First Steps in English Grammar, for Junior Classes. Demy 18mo,
54th thousand, 1s.

Outlines of English Grammar, for the use of Junior Classes. 18th
Editiou, revised., 97th thousand. Crown 8vo, 2s.
Practice and Help in the Analysis of Sentences. Small crown 8vo. 2.

English Grammar: Including the I'rinciples of Grammatical Analysis.
35th Edition, 148th 152nd thousand. Crowu &vo. 8s. 6d.

A Shorter English Grammar, with Copious and carefully Graduated
Exerciser. Based upon the Author’s ‘English Gramwmar,' including Analysis,
10th Edition, 47th-51st th d. Cloth, 3s. 6d

English Grammar Practice. Consisting of the Exercises of the * Shorter
English Grammar,' published in a separate form. 3rd Edition, Oloth, 1s,

Remarks on the Subjunctive and the so-called Potential Mood. 6d.
Blank Sheets Ruled and Headed for Analysis. 1s. per dozen.

The following are edited for Middle-Class Examinations. With Notes
on the Analysis and Parsing, and Explanatory Remarks,
Milton’s Paradise Lost. Book I. With a Life of Milton. 5th Edition.
Post 8vo. 1s.

Milton’s Paradise Lost. Book J7. With a Life of Milton. 3rd Edition.
Post 8vo. 1s.

Milton’s Paradise Lost. Book III. With a Life of Milton. 2nd Edition,
Post 8vo. 1s.

Goldsmith's Deserted Village. With a Short Life of the Poet. 4th
Edition, revised. Post 8vo. 1s.

Thomson's * Spring.’ With a Short Life. 2nd Edition, Post 8vo. 1s,
Thomson’s ‘ Winter.’” With a Short Life. 2nd Edition. Post 8vo. 1s,

(THE UNIVERSITY PRES3J, CAMBRIDCY,)
‘The Elements of English Grammar. By A. 8. West, M.A,, Trinity
Oollege, Cambridge. 2s. 6d.
English Metre, Chapters on. By Joseph B. Mayor, M.A, Demy 8vo,
7s. 6d.
Shakespeare to Pope. An inquiry into the causes and Phenomena of

the rise of Classical Poetry in England. By E. Gosse, M.A., Clark Lectarer in
English Literature at Trinity Oollege, Cambridge. Crown 8vo. 6s.
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Hisroricar MawvaLs—Continued,

History of England, from the Ievolution of 1688 to the death of
Queen Anne, 1714, 1s, 6d.

History of England, from the Accession of William III. to the Acces-
sion of George III. (1689-1760), and the Oatlines of English Literature daring
the same period. 2s. 6d.

History of England, from the Accession of George IIL. to the Battle of
Waterloo (1767-1815). 2s. 6d.

Shilling Summary of English History. By Thomas Haughton. Feap.
8vo. 1s,

Student's Summary of English History. By the same. Enlarged
Edition, Foap. 8vo, ls, 6d.

Student's Summary of English History. With Copious Notes selected
from the works of leading Historians, and a complete Index. By the same.
Crown 8vo, 5s.

Sovereigns of England. From Egbert to Queen Victoria. By the
same, Paper wrapper, foap. 8vo. 4d. ; cloth, 6d.

History of England and Wales. From the Roman to the Norman
OConquest. By T, Morgan Owen. With Maps. School Edition. Crown 8vo. 2z,

Historical Readers.—See Philips’ Reading Books, p. 26, and also
amongst Bell’s Reading Books, pp. 24 and 25.

THE CAMBRIDGE HISTORICAL SERIES. General Editor, G.
W. PROTHERO, Litt.D , Fellow of King’s College, Cambridge, and Professor
of History in the University of Edinburgh.

The Revolutionary and Napoleonic Era, 1789-1815. ByJ. H. Rosk,

M.A., Ohriat’s College. [In the Press.

The Huropeans in India. By H. Morse Steruens, M.A., Balliol

Oollege, Oxford. [In Preparation.

The Foundation of the German Empire, 1816-1871. By J. W.

HEADpLAM, M.A., Fellow of King’s ("ollege. [In Preparation.
*%y Other Volumes will be announced shortly.

GEOGRAPHY.
(THE UNIVERSITY PRESS, CAMBRIDGE.)

Elementary Commercial Geography. A Sketch of the Commodities
and the Oountries of the World. By H. R. Mill, 8c.D., F.R.8.E., Librarian to
the Royal Geographical Bociety. Extra feap. 8vo. ls.

An Atlas of Commercial Geography. Intended as a Companion to
Dr. Mill's ‘Flementary Commercial Geography.’ By J. G. Bartholomew,
F.R.G.8. With an Introduction by Hugh Robert Mill, 8c.D. 8s.

(GEORGE PHILIP & SON.)

Notes on the Causes of the Seasons. By M. M. Cunnington. Illustrated.

Foap. 8vo. paper wrapper, 6d.



A Selected List of Educational Books. 17

Geography of England and Wales. Phy-ical, Industrial, and Historical.
By Thomas Haughton. With Coloured Map. Orown 8vo, 6s.

The Advanced Class-Book of Modern Geography. By Prof. William
Hughes, F.R.G.8., and J. Francou Williams, F.R.G.S. Comprising Physical,
Political, and Commercial Geography. Orown 8vo. 818 pages, 6s,

The above work is also published in Sections nnder the general title of
PHILIP'S GEOGRAPHICAL MANUALS.

1. AN INTROLUCTION TO THE STUDY 4. EUROPR. 25,

or GEOGRAPHY, ls, 5. Asia. 1s, 6d.
2. THE BriTisu IsLEs. ls 6d. 6. AFRrICa. 1ls.
8. THE BRITISE COLUNIES AND 7. AMERICA. ls,6d.
DEPENDENCIES, 25, 6d. 8 AUSTRALASIA AND POLYNESIA, ls, 6d.

Each Manual contains one or more Colonred Maps,

A Class-Book of Modern Geography. By Prof. William Hughes,
F.R.G.S. New Edition. Reviscd by J. Francon Williame, F.R.G.8. Crown 8vo.
3s. 6d.

Intermediate Class-Book of Modern Geograpby. Bythesame. Small
crown 8vo. 2s. 6d.

An Elementary Class-Book of Modern Geography. By the same.
New and Enlarged Edition. Feap. 8vo. 1s, 6d.

A Class-Book of Physical Geography. By the same. With coloured
Maps. New Edition, reviced and extended. Crown 8vo. 8s. 6d.

An Elementary Class-Book of Physical Geography. By the same
New Edition. Fcap. 8vo, Is. 6d.

World's Great Explorers and Explorations. Edited by J. Scott
Keltie, H. J. Mackinder, M.A., and E. G. Ravenstein, F R,G.8. Crown 8vo.
7 vols. 4s. 6d.and 58, See List of R ward Books.

Applied Geography. By J. Scott Keltie. A Series of Lectures, illus-
trated with Maps und Diagramr, Crown 8vo, 3s. 6d.

Geography of Coast Lines. By William Lawson. New Edition.
Feap. 8vo. 1s.

Geography of River Systems. By the same. New Edition. Feap.
8vo. 1s,

Geography of the Oceans. Physical, Historical, and Descriptive. With
coloured Maps., By J. Francon Williams, F.R.G.S. Feap. nvo. 2s. 6d.

EXAMINATION PAPERS.
History and Geography Examination Papers. Cowpiled by C. H.
Spence, M.A., Assistant Master at Clifton College, Crown 8vo. 2. 6d.
The Complete Examiner in Geography. Containing over 1200 Exer-
cises from Examination Pupers, compiled and classified by J. L. Richardson.
Feap. 8vo. stiff cover, 6d. . (P.)

Geographical Readers.—See Bell’'s Reading Books, p. 28, and Philip’s
Reading Books, p. 24.
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EDUCATIONAL ATLASES.

Philip's Systematio Atlas, for Higher Schools and General Use. Edited
by J. Scott Keltie, H. J. Mackinder, M.A., and E, @. Ravenstein, F.R.G.8. A
Beries of Physical and Political Maps, with Di and Il tions of Astro-
nomy and Physical Geography. Over 350 Maps and Diagrams in 52 Plates, with
an Introduction and an Index of 12,000 names, Imp. 4to, (or the Maps folded
in 8vo.) 158, net.

The Comprehensive Atlas of Anclent and Modern Geography. com-
prising 60 Maps (42 Modern and 18 Ancient), with a Consulting Index. Imp.8vo.
strongly half-bound, 10s, 6d.

Philip's Student's Atlas, comprising 44 Modern and 5 Ancient Maps,

tully printed in col With a copions O 1ting Index. Imp. 8vo. cloth,
7s. 64,

Phillp's Select Atlas, comprising 36 authentic Maps of the Principal
Oountries of the World, carefully printed in colours. With a copious Consulting
Index, Imp. 8vo. cloth, 5s,

Introductory Atlas, comprising 24 Coloured Maps of the Principal
COountries of the World, with a Consulting Index. Imp. 8vo. cloth, 3s. 6d.

*Young Student’s Atlas, comprising 36 Coloured Maps of the Principal
Countries of the World, with Index. Imp. 4to. cloth, 3s. 6d.

*Young Scholcrs Atlas. New and Enlarged Edition, containing 24
Ooloured Maps, with Index. Imp. 4to. cloth, 2s. 6d.
* The Maps in the ubove two Atlases are flat (i.e., unfolded).

Philip’s Atlas for Beginners. New and Enlarged Edition, comprising
60 Maps of the Principal Countries of the World, printed in colours, with a new
Oonsulting Index, Orown 4to. cloth, 2s, 6d.

Elementary Atlas and Geography, containing the Essentials of the
Geography of the World, and 80 coloured Maps. Orown dto, cloth, 3s. 6d.

Handy-Volume Atlas of the Indian Empire. A series of specially
prepared Maps on a large sca e, together with numerous generanl Maps illus
trating the Physical and Eoonomical aspects of the Country, with descriptive
letterpress and complete Index. By E. G. Ravenstein, F.R.G.8. [In the press,

Handy-Volume Atlas of the World. 64 Plates, containing 110 Maps
and Plans. A oomplete Consulting Index, with Geographical and Statistical
Notes to each Map. Bize, 6x4 in, Cloth, rounded corners, 3s. 6d.

Handy-Volume Atlas of the British Empire. 64 Plates, containing
120 Maps and Plans of the United Kingdom and British Colonies and Depen-

dencies, with Notes to each Map and Index. Size, 6X4 in, Cloth, roundod
corners, 8s. 6d.

Philip’s Popular Atlas of the British Empire. Coloured Maps, with
Statistioal Tables. Crown 4to, stiff cover, 1s.
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Physical Atlas for Beginners, compiising 12 Maps, printed in colours,
Orown 4to. stiff cover, 1s.

Tke same Book, cloth lettered, 1s. 6d.

The School Atlas of Physical Geography, comprieing & Series of
Maps and Diagrams illustrating the Natural Features, Olimates, Various Pro-
ductions, and Chief Natural Phenomena of the Globe. Imp. 8vo. bound in cloth, 5s.

The School Atlas of Classical Geography. A Series of 18 Maps,
printed in colours, with Incex of Names. Cheaper Edition, medium 4to. cloth,
83, 6d.

‘The Handy Classical Atlas. A Series of 18 Maps, printed in colours.
Medium 8vo. cloth lettered, 2. 6d.

‘The School Atlas of Scripture Geography. A Series of 16 Maps,
printed in coloura. New and Cheaper Edition. Orown 4to. in stiff cover, ls,

The same Book, cloth lettered, with Index, 1s. 6d.

‘The Smaller Scripture Atlas, containing 16 Maps, printed in colours.
Imp. 16mo. illustrated ¢ ver, 6d.

The same Book, cloth lettered, 1s.

CHEAPER EDUCATIONAL ATLASES.

The Child's Atlas for School and Home, containing 64 unusually
clear and readable Maps, printed in colours. 8ize—9} in. x 6} in. Pictorial cover,
stiff boards, 1s. 6d.

Philip's Atlas for Junior Classes. Being the above book bound in
limp cloth, 1s. 6d.

Philip's New Shilling Atlas of Modern Geography, with 24 imperial
4to. pages of Large Scale Maps. Imp. 4to. stiff cover, 1s.

Philip's First School Atlas, containing 24 Coloured Maps, with Ex-
amination Questions on each. Crown 4to. limp cloth, 1s.
Or without Questions, with more Maps and an Index, 1s.
The Graphic School Atlas, containing over 110 readable Maps and

Diagrams, printed in colours. BSize- 7 in.x 4} in. Pictorial cover, stiff boards,
1s. ; or cloth lettered, 1s. 6d.

Philip's New Excelsiar Atlas of the World, containing 140 Maps,
Plans, Sections, &¢. Crown 8vo. in stiff illustrated cover, 1s,

Philip's ‘ Unique' Shilling Atlas, containing 70 large readable Mars
and 10 Diagrame. Btiff pictorial cover, 1s.

Philip's ¢ Unique’ Sixpenny Atlas, containing 70 readable Maps ard
10]Diagrams. Stiff cover, 6d.
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Philip’'s Favourite Sixpenny Atlas, containing 50 Maps, Plans, Illus-
trations, &c. COrown 4to. paper cover, 6d. ’

Philip’s ‘Preparatory’ Atlas, containing 16 Coloured Maps. Crown
4to. paper cover, 6d.

Philip's ¢ Standard’ Atlas, containing 24 smaller Coloured Maps and
Diagrams. Foap. 4to. paper cover, 6d.

Philip's Atlas of the Countries of Europe, including a Map of the
World and a General Map of Europe. Crown 4to. paper cover, 6d.

Philip's New Sixpenny Atlas of the British Colonies, containing
26 Maps. Crown 4to, paper cover, 6d.

Phillp's Threepenny Atlas, containing 16 Maps, full coloured. Feap.
4to. paper cover, 34.

PHILIP'S STANDARD ATLASES. New and Revised Editions, con-
taining separate Maps of the different Presidencics of the Indian
Empire. [In the press.

No. 1. For Standard III. 16 pages of Maps. Illustrated cover, 2d.
No. 2. For Standard IV. 24 pages of Maps. Illustrated cover, 3d.
No. 8. For Standard V. 24 pages of Maps. Illustrated cover, 3d.
No. 4. For Standard VI. 32 pages of Maps. Illustrated cover, 4d.

OUTLINE AND BLANK ATLASES.

Philip's ‘Cambridge’ Outline Atlas published annually to suit the
Local Examinations, for Junior and Senior Students. Imp. 4to. size, in stiff
cover, 1s. or 1s, 6d.

Philip’s ‘Oxford' Outline Atlas, published annually to suit the Local
Examinations, for Junior and Senior Students. Imp. 4to. size, stifl cover, 1s. or
1s. 6d.

Philip’'s Imperial Outline Atlas. Printed on Drawing Paper. Two
Series, each containing 12 Maps, Size—1l in.x13in, Stitched in paper cover,
each ls.

Philip’s Imperial Atlas of Blank Projections. Printed on Drawing
Paper. Two Serics, each containing 12 Maps. 8ize—11in.x13in. Stitched in
paper cover, each 1s,

The Maps in the above Atlases are Outlines and Projections of the coloured
Maps in the * Young Student’s Atlas,’ &c.

Philip's Outline Atlas for Beginners. Printed on fine Drawing Paper.,
ng ?edea, each containing 16 Maps. Size—9 in.x74 in, Stitcbed in stiff cover,
each ls,
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Philip’s Atlas of Blank Projections for Beginners. Printed on fine:
Drawing Paper. Two Series, each coutaining 16 Maps. Bize—9in. X 7} in.
Stitched in stiff cover, each 1s,

The Maps in the above Atlased are Outlines and Projections of the Coloured
Maps in the Atlas for Beginners.

Philip's Preparatory Outline Atlas. Size—9 in.x 74 in. 16 Maps.

In paper cover, 6d.

Philip's Preparatory Atlas of Blank Projections. 16 Maps. Size—
9in. x7} in. In paper cover, 6d.

The ‘staéz;‘dard’ Outline Atlas, containing 24 Maps. Feap. 4to. paper
cover,

Philip's Memory Work Atlas for Pupil Teachers, containing 16
Test Maps for Map Drawing. Crown 4to. stiff cover, 6d.

Philip’s Map Drawing Books, for Seccndary and Private Schools.
Imyerial 4tc. Series, 24 Books, Size==13 in. x11 in., each 6d.

1, Europe. 9. German Empire. 17. Australia.

2. England and Wales. 10. Austro-Hupngarian Empire.; 18. New Zealand.

8, Bcotland. i 11, Spam nnd Portngal. ' 19, Africa.

4. Ireland. ! 12. Switzerland. | 20, North America.

5. France. ©18. Im]i. | 21. United States.

6. Holland. . 14. "urkey in Europe & Greece.! 22. Canada.

7. Bweden and Norway. | 15. Asia. | 23, Soutb America.

8. Russia in Europe. [ 16. Indin. 24, Palestine.

Crown 4to, Serier, 24 Books., Bize—9in. x 74 in., each 3d.

1. Europe. |10, Bweden and Norway with | 17. Africa,

2. England. ' Denmark. | 18. North America.

3. Ecotland. 11. Ruessia in Europe. I 19, Canada.

4, Ireland 1%, Italy. ! 20, United States of

5, France, 13. Tmkey in Ewoje and \ North America.

6. Holland and Belginm, Grecee, 2], South America.

7. Switzerland. 14, £pain and Portngal. . 22. Australia,

8. German Empire, 15. Asia, . 23. New Zealand,

9, Austro - Hungarian 16. India. i 4. Palestine,
Empire.

* * Each bcok contamns (1) a complete Full-coloured Map, so attached as to-
be xﬁwuys availuble for copying; (¥) an uncoloured Map with all the Pbysical
Featurer, but without the nan ex ; (3) an Outline Map with coast-line and lines of
latitude and longitude only; (4) Blank Projection with lines of latitude and
longitude only ; (5) a blank shect with border of map only.

Philip's ¢ Standard’ Map Drawing Books, for use in Elementary
8chools. Crown 4to. pictorial cover :—
No, 1, ENaLAND AND WaLES, Physical, Political, and Railway. 3d.
No. 2. SCOTLAND AND IRELAND, 4d.
Neo. 3, CANADA AND AUSTRALASIA. 4d.
No. 4. THE BriT18H IsLES. 6d.

A Complete List of Messrs. Philip & Son's Atlases and Maps for the Library,
Deek, Pocket, Explorer, Tourist, and Education, will be sent on application
For Educational Maps, see Catalogue of School Appliances.
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BELL'S READING BOOKS

Are especially designed to give the Children a love of Reading
and 8o to lighten the task of the Teacher
throughout the entire course.

— ————— e e e

THE special feature of these books is, that even from the most elemen-
tary grade, they possess the interest which a connected narrative,
however simple in wording, seldom fails to excite; and by this means
make the reading-lesson a pleasure instead of a dull piece of routine, and
«wotually encourage the pupils to prolong it, or to practise the newly
acquired faculty at home,

*{NFANTS' PRIMER
*TOT AND THE CAT
*THE OLD BOATHOUSE
*THE CAT AND THE HEN
*THE NEW-BORN LAMB

ccooo®
coamw

STANDARDS I & IL
*THE THREE MONKEYS
*THE Two PARROTS ...
*STORY OF A CAT .
“*QUEEN BEE AND Busy Bm
*GurL's CRAG A TALE OF THE SFA
*THE LosT Pigs

SooooC
oo

STANDARD III
*THE ADVENTURES OF A DONKEY ... 1
*GRIMM'S GERMAN TALES, (Sclected.)
*ANDERSEN'S DANISH TALES. (Selected.)
*GREAT DEEDS IN ENGLISH HIsTORY
*GREAT ENGLISHMEN. Short Lives for Young Cluldren
*L1rE oF CoLuMBUS. 8. Crompton

STANDARD 1V.
GREAT SCOTSMEN. Short Lives ...
PORTRY FOR Boys, (Selected by D. Munro )
*EpGEWORTH'S TALES., (A Selection)
GREAT ENGLISHWOMEN, Short Lives of .
*PARABLES FROM NATURE. (Selected.) By Mrs Gntty
“*THE TALISVAN, By Sir Walter Scott. (Abridged.) ..

coocooOo

bt et b
(-]
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STANDARD V.
*THE STORY OF LITTLE NELL. By Charles Dickens. (Abridged.) ...
*OLIvER TwisT. By Charles Dickens. (Abridged.) .
*GULLIVER'S TRAVELS. (Abridged.)
*MASTERMAN REaDY. By Capt. Marryatt, R. N (Abridged.)
*THE ARABIAN NIGHTS. (Selected and Rewritten.)
*PooR Jack. By Capt. Marryat, R.N. (Abridged.) ...
*THE VICAR OF WAKEFIELD. (Abridged.)

[ N L
coopoocol

STANDARD VI. & VIIL
*LAMB'S TALES FROM SHAKESPEARE. (Selected,)
*SoUTHEY'S LIFE OF NELSON. (Abridged.)
*RoBINSON CRUSOE ...
*SETTLERS IN CANADA. By Capt. Marryat, R.N. (Abridged.)
*SIR ROGER DE COVERLEY AND OTHER Essavs ... .
TALES oF THE Coast. By J. Runciman
*.* The volumes marked with an asterisk (*) are Illustrated.
Srscmmw Corres WILL BE SENT To Hrap TEACHERS ON APPLICATION.

bt bt ek ek b s
ooocococo

BELL’S GEOGRAPHICAL READERS.
By M. J. Barrington - Ward, M.A., Worcester College, Oxford.

The Child’s Geography. Illustrated. Stiff paper cover, Gd.

The Map and the Compass. A Reading Book of Geography for
Standard I. TIllustrated. Cloth, 8d.

The Round World. A Reading Book of Geography for Standard II,
Tllustrated. Cloth, 10d.

About England. A Reading Book of Geography for Standard III.
Ilustrated. Cloth, 1s. 4d.

HELPS’ COURSE OF POETRY.

A New Selection from the English Poets, carefully compiled and adapted
to the several standards, by E. A, Helps, one of H. M. Inspectors -
of Schools.

Book I.—Infants and Standards I. and II. 134 pp. emall 8vo. 9d.
Book II.—Standards III. and IV. 224 pp. crown 8vo. 15, 6d.
Book III.—Standards V., VI, and VII., 352 pp. post 8vo. 2+.

Or in PARTS. Infants, 2d.; Standard I., 2d.; Standard II., 2d.;,
Standard III., 4d.
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PHILIP’S READING BOOKS.

Edited by J. G. Croxwerr, M.A., late Principal of 8t. Mark’s
College, Chelsea.

PRIMER, 80 pp, 6d. ‘, FourTH BoOK, 288 pp., 1s. 4d.
F1rsT Book, Part I., 96 pp., 64. .  Frrra Book, 320 pp., 1s. 9d.

Frsr Book, PaRT IL, 96 pp., 64.  S1xTH BOOE, 352 pp., 25.

8E0OND BOOK, 160 pp., 9. PogTicaL READING BK., 352 pp. 25, 6d.
“THIRD Book, 208 pp., 1s. + First PoETICAL BOOK, 160 pD., 15.

PHILIP’S GEOGRAPHICAL READERS.
Edited by J. Francox WrLuiams, F.R G.8.
1. Firsr 8rEps, Part I.  With 112 | 4, Britisd Isues, BRITISH NoRTH

Illustrations, Diagrams, and Maps, : AMERICA, AND AUSTRALASIA.
128 pp., cloth, 9d. | With 54 Maps and 109 Illustra-

9 Fmst Sreps, Part I With 100, 4% 256 pp, cloth, 1s. 6d.
Tllustrations, Diagrams, and Maps, ' 5. EvRoPE.  With 119 Illustrations

140 pp., cloth, 10d. : and 19 Maps. 288 pp,, cloth, 1s, 9d.
8, ENgLAND, With 78 Tllustrations - 6. THE WoRLD. With 118 Illustra-
and 57 Maps. 192 pp., cloth, 1s. tions and 35 Maps. 320 pp., cl., 2s.

PHILIP’S HISTORICAL READERS.
Edited by J. Francon WiLLnaus, F.R.G.S.

1, SroriEs FroM Encrisy Histomry. | 8. MipDLE ENgLAND, from 1154 to
With 80 beautiful Pictures and ! 1603. 77 Pictures, and 16 Maps
4 Maps. 192 pp., cloth, 1s. } and Tables. 256 pp., cloth, 1s. 6d.

|

2. EARLY ENGLAND, from Prehistoric i 4, MODERN ENeLAND, from 1603 to
Times to 1154, 94 attractive Pic- 1883. 93 attractive Pictures and
tures and 4 Maps. 192 pp., cl., 2s. 11 Maps, &c. 272 pp., cl., 1s. 6d.

ELOCUTION.

‘The Elements of Elocution. With Special Reference to the Literary
Basis of Delivery, illustrated by Selections in Poetry and Prose for Reading and
Racitation. By Oharles E. Olegg, Leoturer on English Literature and Elocution.
Orown 8vo. cloth, 2s, 6d.

*.* A Practical Work by an eminent Elocutionist. A valuable ‘aid’ to

all who have to teach Reading. An admirable Class-Book for Schools and
Private Students.

Elooutionary Specimens in Prose and Verse By the same. Crown
8vo, 2s.
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PHILIP’S STANDARD POETRY BOOKS.

Book 1 ror StaNparp I, 16 pp.,

crown 8vo., 1d.

Book 4 ror STaxparp IV, 48 pp.,
crown 8vo., 3d.

Book 2 For StaNparp II, 16 pp., I Book 5 ¥or STANDARD V., 64 pp.,

crown 8vo., 1d.

Book 3 For Stanparp III., 32 pp.,
crown 8vo., 2d.

PoeTicAL READING BOOK. A Serie«
of Poems, specially suitably for
young readers, With Notes. 352pp.,
crown 8vo., cloth, 2s. 6d.

FIreT PORTICAL READING BoOK, Con-
tains a selection of the simpler
poems from the larger work. With
Notes. 160 pp., crown 8vo., cloth,
1s.

AN INTRODUCTION TO THE STUDY OF

SHAKESPEARE. With Life, Notes,
&c. &c. Crown 8vo., 6d.

crown 8vo., 4d.

Book 6 FOR STANDARD VI, and VII.,
64 pp. crown 8vo., 4d.

ILLUSTRATED STANDARD  POETRY
Book, for Reading and Recitation,
96 pages, crown 8vo., cloth, 8d.

REcITATIONSs, RHYMES, AND DIA-
LoGTKs, for Kindergarten and In-
fant Schools, including original
pieces and appropriate actions, Ar-
ranged and compiled by EmiLy
WaRMINGTON, Training College,
}Vag’}ngmn. Foolscap 8vo., cloth, .
S8 bd,

AN INTRODUCTION TO THE STUDY OF
Mirron.  With Life, Notes, &c.
&c. Crown 8vo. 6d.

PHILIP’S SERIES OF SCIENCE LADDERS.

A New Series of Simple Reading Books in Elementary Science for the Young.

By N. D’ANVERS. (Mrs, A. G. Bell.)

In small crown 8vo, bound

in cloth, 1s, each.

1. The Earth and its Early Explorers. An Elementary Geographical
Reader, with 28 Illustrations and 4 Mups.

2. Vegetable Life and its Lowest Forms. A Simple Natural History

Reader, with 83 Illustrations.

8. Lowly Water Animals.
Illustrations.

A simple Natural History Reader, with 52

4. The Life-Story of our Earth. An Introductory Geological Reader,

with 46 Illustrations.

5. The Story of Early Man.
our Earth,’ with 28 Illustrations.

A continuation of the ¢Life Story of

£, Elementary Zoology. A volume on Mammals and Birds.

{In preparation,

The first three volumes may also be had in Sixpenny parts, Foolscap 8vo.,

stiffl cover

6d. each.

I.—~FORMS OF LAND AND WATER.

» IL—THE STORY OF EARLY EXPLORATION.

» IIL—VEGETABLE LIFE.

» IV.~FLOWERLESS PLANTS.
» V.—LOWEST FORMS OF WATER.ANIMALS.
» VI—TOWLY MANTLE AND ARMOUR WEARERS.,



26 A Selected List of Educational Books.

FRENCH CLASS-BOOKS.
GASC (F.E. A.).

An Improved Modern Pocket Dictionary of the French and English
Languages, for the Every-day Purposes of Travellers and Students, Containing
more than Five Thousand Modern and Current Words, Nenses, and Idiomatic
Phrases and Renderings, not found in any other Dictionary of the two Lan-
guages. 5lst thousand, with additions and corrections. 16mo. cloth, 2s, 6d.

Dictlonary of the French and English Languages, with more than
Pifteen Thousand New Words, Senses, &e. 5th Edition, revised and enlarged,
with entirely new Supplements, 1 vol. 10s. 6d.

In use at Harrow, Westmiunster, Rugby, &c. &c.
t wi i pages sent post free on application.

First French Book. Being a new, practical, and easy Method of learn-
ing the Elements of the French Language. Orown 8vo. 116th thousand, reset, 1s.

Second French Book. Being a Grammar and Exercise Book on &
new and practical Plan, and intended as a Sequel to the ¢ First French Book.’
52nd thousand. Foap. Bvo, 18, 6d.

Key to First and Second French Books. 6th Edition. Fecap. 8vo.
3s. 6d. net.

French Fables, for Beginners, in Prose, with an Index of all the
words at the end of the work. 16th thousand. 12mo. 1s. 6d.

Select Fables of Lia Fontalne. 19th Thousand. Fecap. 8vo. 1s. 6d.

Histoires Amusantes et Instructives, or Selections of Complete
Stories from the best Modern Authors who have written for the Young.
With English Notes. 17th thousand. Fcap. 8vo. 2s.

Practical Guide to Modern French Conversation, containing:—
I. The most current and useful Phrases in KEvery-day Talk. II. Everybodg's
necessary Questions and Answers in Travel-Talk 19th Edit. Fcap. 8vo. 1s. 6d.

French Poetry for the Young. With English Notes, and preceded
by & few plain Rules of French Prosody. 5th Edit. revised. Fcap. 8vo. l1s. 6d.

Materials for French Prose Composition, or Selections from the best
English Prose Wri.ers. With ocopions Footnotes and Hints for Idiomatic
Renderings. 21st thousand. Foap. 8vo. 8s. Key, 6s. net.

Prosateurs Contemporains, or Selections in Prose chiefly from con-
temporary French Laterature. With English Notes. 11th Edition. 12wo. 3s. 6d.

Le Petit Campagnon. A French Talk-Book for Little Children.
13th thousand. 16wo. 1s. 6d.
CLAPIN (A. C.).
French Grammar, for Public Schools. By A. C. Clapin, M.A., 8t.

John’s Collegs, Cambriige, aud Bachelier-ds-lettres of the University of
France; Assistant Marter at Sherborne School. 13th Edition. Foap. 8vo.
28.6d. KEey, 3s 6d. net.

French Primer. 10th Edition, Revised. Fcap. 8vo. 1s,
English Passages for Translation into French. 2s. 6d. Key, 4s. net.

Primer of French Philology. With Exercises, for School: 7th
Edition. Foeap. 8vo. 1s.
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‘Gombert's French Drama. Re-.edited by M. Gasc. With Arguments
and Notes. 6d. each, sewed.
List of Plays n the Serios :

};}y MOLIERE :—LE MrsaANTHROPE. L'AVARE. LE BOURGEOIS GENTILHOMME,
LE TaRTUFFE, LE MALADE IMAGINATRE. LES FEMMES SavAanNTES. LES FoUR.
BERIES DE SCAPIN. LES Précrevses Ripicures. L’EcoLE DEs Fruazs.
L’EcoLE pES MARIS. LE MEDECIN MALGRE Lul,

By RACINE :—LaA THEBAIDE, 0U LES FrivEs ENNEMIS. ANDROMAQUE, LES
Prarpzums, IPmiGENIE. BRITANNICUS, PuEDRE. ESTHER., ATHALIE.

By CoRNEILLE:—L¥F Civ, Horack. CINNA, POLYEUCTF.

By VOLTAIRF.:—ZA(RE.

(THK UNIVERSITY PRESS, CAMBRIDGE.)

‘The Pitt Press Series of French Drama and History contains Annotated
Editions of most of the above Drawas, and many morve.~See Complete Oatalogue.

(GEORGE PHILIP & SON,)

GAILLARD (J.D.)

The Complete French Course. By J.D. Gaillard, Officier ' Académie,
late Head French Master of the Royal Institution. Including the Orthodpy or
Guide to Pronumuciation, the Grammar Counrse, and a series of interesting
Bketches, to the eatent of 5000 words; affordiug, on the principle of *Associa.
tion of Idess,” the means of couversing nud composing on almost every subject.
2nd Fdition. Crown 8vo. cloth, 4s.

French Orthocpy ; or, the Certain Guide to an Accurate French Pro-
nunciation. An entirely novel, casy, and systematic method of acquiring a
pure French accent, based on the natural action of the organs of the human
voice, 4th Edition. Crown 8vo. 2s. (Being Part I. of the Complete Course.)

The French Language by Assoc.ution of Ideas, comprised in & Series
of Interesting Sketcher, to the extent of 5000 words, thus affording the means
for conversing and composing on almost every subject. 2nd Edition. Crown
8vo. cloth, 2s. (Being Part II. of the Complete Course.

French for the Times. A Series of Outline Narratives of Travel,
Letters, Conversations, Idioms, and Proverbs, with Questions, based upon the
doctrine of ¢ Association of Ideas.’ Crown 8vo, cloth, 3s. 6.

The Standard Book for French Conversation ; or, a Series of Ques-
tions upon Scientific, Artistic, Philosophical, and Daily.life Subjects. The
Answers to be framed by the Student from the Sketches given in the ¢ Associa.
tion of Ideas.’ 2ud Edition. Crown 8vo. cloth, 2s, 6d.

Key to the Standard Book for French Conversation for Teachers.
Being Answers to a Series of Questions upon Beientifie, Artistic, Philosophical,
and Daily-life Subjects. Crown 8vo. cloth, 8s. 6d.

GOUIN (FRANCOIS).

A First Lesson in French. By Francois Gouin, Ex-Professeur d’alle-
mand & l'école supérieure, Paris. Translated by Howard SBwan and Victor
Rétis. Crown 8vo. 2¢. 6d. net.
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PHYSICAL AND NATURAL SCIENCE.
CHEMISTRY.

Experimental Chemistry. Founded on the work of Dr.J. A, Stockhardt.
A Handbook for the Study of Science by Simple Experiments, By C. W, Heaton,
F.I1.0., F.0.8,, Examiner in Chemistry to the Royal College of Physicians, &c.
New Revised Edition. 5s.

The Framework of Chemistry. Typical Facts and Elementary Theory.
By W. M, Williams, M.A., Science Master, King Henry VIIL’s 8chool, Coventry.
Paper boards, 9d. net.

A Class-Book of Inorganic Chemistry. By Rev. D. Morris, B.A.,
late Teacher of Chemistry in Liverpool College. New and Enlarged Edition.
Crown 8vo, cloth, 2s. 6d. (P.)

(THE UNIVERSITY PRESS, CAMBRIDGE.)

Chemistry, Treatise on the General Principles of. By M.M. Pattison
Muir, M.A,, Fellow and Prmlector in Chemistry of Gonville and Caius College.
Becond Edition. Dewy 8vo. 15s.

Chemistry, Elementary. By M. M. Pattison Muir, M.A., and Charles.
Slater, M.A., M.B. Orown 8vo, 4s. 6d.

Chemistry, Practical. A Course of Laboratory Work. By M. M. Patti-
son Muir, M,A,, and D. J. Oarnegie, M.A. Crown 8vo. 3s.

Qualitative Analysls, Notes on, Concise and Explanatory. By
H. J. H. Fenton, M.A., F.I.0., Demonstrator of Chemistry in the University of
Oambridge. Crown 4to. New Edition. 6s.

PHYSICS.

Practical Work at the Cavendish Laboratory. Heat. Edited by
W. N. Shaw, M.A., Fellow and Lecturer of Emmanuel College. Demy 8vo. 3s.

A Uniform Series. Crown €vo,
Heat and Light. By B. T. Glazebrook, M.A., F.R.8., Assistant
Director of the Oavendith Laboratory. 6s.
OR IN TWO PARTS. Light, 3s.; Heat, 3s.
Electricity and Magnetism. By R. T. Glazebrook. [In preparation.

Mechanics and Hydrostatics By R. T. Glazebrook. [In preparation.

Aocoustics, Light, and Hea,t. By T. W. Piper. With numerous Illus-

trations. Orown 8vo. 2s. 6d. (P.)
ASTRONOMY.

Astronomy for Everyday Readers. By B. J. Hopkins, F.R.A.S.
Illustrated. Crown 8vo. boards, 1s. ; cloth, gilt, 1s. 6d.

Piotorial Astronomy. By G. F. Chambers, F K A S., of the Inner
Temple, Barrister-at-Law, Author of ‘A Handboos of Descriptive and Practical
Astri y.' 2nd Edition, revised, 284 pages, 134 illustrations, 4s.

Atlas of Astronomy, a Series of Seventy-two Plates, with Notes and:
Index by Bir Robert Btnwell Ball, LL.D., Lowndean Professor of Astronomy and

'y to the Uni ty of Ounbrldge. Small 4to , handsomely bound in cloth,.
gilt edges, 15s.
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GEOLOGY.

Student's Handbook of Physical Geology. By A. J. Jukes-Browne,
B.A,, F.G.8, of the Geologicnl SBurvey of England and Wales. With numerous
Diag and Illustrati 2nd Edition, Enlarged and Revised, 7s. 6d.

¢ Bhould be iu the hande of every teacher of (Geology.’—Journal o[ Education.
* A very useful book dealing with Geology from its physical side.,”—Atheneum.

Student's Handbook of Historical Geology. By A. J. Jukes-Browne..
With numerous Diagrams and Illustrations. 6s.
¢ An admirably planned and well-oxecuted ¢ Handbook of Historical Geology.” *
Journal of Eduoation.
An Elementary Handbook of Geology. By A. J. Jukes-Browne,
F.G.8. With 94 Illuatrations, 4e. (P.)
‘It weuld not be easy to lay one's hand on a better introdnetion to the sof
of the rocks,'—Scottish Leader.

Class-book of Elementary Geology. By F. W. Hutton, F.G.S.
Extra fcap. 8vo. 1. 6d. (P)

NATURAL HISTORY.

A Handbook to the Study of Natural History for the Use of
Beginners. With an Introduction by Rir M tuart E. Grant Duff, G.0.8.1.,
F.R.8. Kdited by the Lady Isabel Margesson. Contains a Series of Popular-
Artioles ou Various Branebes of Natural History by well-known Authors. Crown
8vo. cloth, 3s. 6d.

BOTANY.

Botanical Charts and Definitions. A Summary of Work required
for the various Local Examinat ong, together with a Plan for Analysing a Plant
and pagos for preserving Teachers’ Notes. 8vo stiff cover, 9d.

LAW ANO POLITICAL ECONOMY.

Kent's Commentary on International Law. Edited by J. T. Abdy,
LL.D., Judge of County Courts and Law Professor at Gresham Oollege, lxte
B.egiuu Professor of Laws in the University of Cambridge. 2nd Hditton, Revised
and brought down to a recent date, 10s, 6d.

Essays on Some Disputed Questions in Modern International Law.
By T. J. Lawrence, M.A., LL.M. 2nd Edition. 6s.

Handbook of Public International Law. By T. J. Lawrence, M.A.,
LL.M. 2nd Edition, 3s.

Adam Smith on the Wealth of Nations. Reprinted from the Sixth
Edition, with an Introduction by Ernest Belfort Bax. Two vols. 3s. 6d. each.

Ricardo on the Principles of Political Economy and Taxation.
Edited by E. C. K. Gonner, M.A., Lecturer in University College, Liverpool. 5s.

English and Indian Law, Tables showing the Differences between, By
Sir R. K. Wilson, Bart., M.A,, LL.M. Demy 4to. 1s.

The Sclence of International Law. Being a General Sketch of the-
Historic Basis of the Rules observed hy States in their Normal and Abnormal
Relations in the Past and the Present., By T.A. Walker, M.A,, LL. M., of the-
Middle Temple ; Fellow of Peterbouse, Cambridge. Demy 8vo. 18s,
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MANUALS OF COMMERCE. Illustrated with Maps, Statistical
Oharts, and Table.. By John Yeate, LL.D., F.G.8., F.8.8,, &. Four
Volumes, crown 8vo. cloth, 24s., or each Volume separately, 6s.

1. The Natural History of the Raw Materials of Commeroce:
Their Geology and Geography, with their chief economic uses, &e.

2, The Technical History of Commerce; or, The Progress of the
Useful Arts, Discoveries, Inventions, &c.

8. The Growth and Vicissitudes of Commerce in all Ages: An
Historicnl Narrative of Industry and Intercourse of Civilised Nations.

4. Recent and Existing Commerce: A brief Review of British In-
dustry and Trade, and a Survey of our Colonial nnd Foreign relations.

Vole, 1. and IT, will be found invaluable to Teachers in the preparation of
(Object Lessons —Vol. L. treating of the raw Erodncts, and Vol. II explainin
the various manufacturing processes, and including the Department o
Agriculture.

The Journal of Edwcation says that ‘ These four volumes make ug a
cﬁ:lo%eedia of commorce, and that we may expect to see them largely nsed as
class-books, while as books of reference they ought to bs in every teacher's
and school library.’

Two New Volumes, by J. YEATS, LL.D., F.8.8., F.G.8.

“The Golden Gates of Trade, with our Home Industries, introductory
to a Study of Mercantile Economy and of the Science of Commerce. With Map.
Orown 8vo, 4s. 6d.

Map Studies of the Mercantile World. Auxiliary to our Foreign and
Oolonial Trade, and Illustrative of part of the Bcience of Commerce. With 6
Obarts. Crown 8vo. 4s, 6d.

*,* At a time when the Continental nations are running us hard in competition
for the Trade of Foreign (Countries, these care'unlly prepared volumes, intended to
be a pioture of universal industry, and in which the most mportant factors are
relected as obgeuts for stndy and comparison, will be found reliable. They have
been commended by the Press to the Merchant and Manufacturer, the Miner and
Mechanic, the Agriculturist, the Student, the Teacher, and the Statesman.

Applied Geography. By J. Scott Keltie, Assistant Secretary to the
Royal Geographical Society. With 11 Maps and Diagrams. 3s. 6d.

The British Colonies and theilr Industries. By the Rev. W. Parr
Greswell. Fcap. 8vo. 1s. 6d.

PSYCHOLOGY AND ETHICS.

‘The Student’s Manual of Psychology. By !F. Ryland, M.A., late
Scholar of 8t. John’s Qollege, Oambridge. 5th Edition{with lists of_books for
Btudents and Examination papers. 8s. 6d.

Ethics. An Introductory Manual for University Students. By
F. Byland, M.A. 3s, 6d.
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EDUCATIONAL SCIENCE AND PRACTICE.

KINDERGARTEN.
Hints on Introducing the Kindergarten System into Infant Schools.
By M, E. Bailey. Fcap 8vo. 64.

Explanation of the Kindergarten System of Education. By Kar
Frdebel. Foap. 8vo. 6d.

The Kindergarten System. An Introduction to Froebel's Method.
With’“numerolu Illustrations, Music, and Recitations. 2nd Edition. Orown

The Paradise of Childhood. By Professor Wiebe, 84 pages Letter-

press and 75 Plates. A complete Toxt-book of Kindergarten routine. Demy 4to.
cloth, 7s. 6d. ; sewed, 6s.; both net.

A complete Illustrated List of Kindergarten Materials will be sent post
free on application.
ON TEACHING TO READ.

A Syllablc System of Teaching to Read, combining the advantages
of the ‘ Phonic’ and the ‘ Look-and-Say’ Systemq Crown 8vo. 1

To Teachers in Infant Schools this book conveys valuable informtlon Some
of Her Majesty’s Inspectors have highly commended it.

Syllabic Spelling. By C. Barton. In two parts. Infants, 8d.;
Stendard 1., 8d.

Reading Made Easy on a Ratlonal 8ystem. By Anna Snell. New
and Enlarged Edition, Feap. 4to. limp cloth, 1s,

An Introduction to the above. For the use of Teachers. Feap. 8vo. 4d.

PRIMARY EDUCATION.
Practical Hints on Infant School Work. By an Experienced Ex-

aminer. Crown 8vo. 1s.

Practical Hints on Elementary School Work. By an Experienced
Examiner. Crown 8vo. 1s.

Code Wrinkles. By J. L. Richardson. Enlarged Edition. Feap.

8vo, 1s.

Education from the Cradle. By Princess Mary Ouroussov. Trans-
lated by Mre. E. Fielding. Wide feap. 8vo. 2s. 6d.

Hints to Mothers on Home Education. By Frederick Bridges, Small

crown 8vo. 3s. 6d.

The New Education. By Lady Isabel Margesson. Crown 8vo. 18, 6d.

Moral Training, Froebel and Herbert Spencer. By Miss Shirreff,
Demy 8vo. paper wrapper, 6d. net.

Knowledge Through the Eye; or, How to Illustrate Science and other
Lectures by means of the Optical Lantern, with a New and Practical Method of
Preparing Lantern Slides. Ilustrated. Crown 8vo. stiff cover, 1« net,!
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“THE SLOJD SYSTEM OF MANUAL TRAINING.

A Plea for 810jd. By J. Franzen. Translated from the Swedish by
Anna 8tromsten. Feap. 8vo. 9d.

The Theory of Educational Slijd. Revised and Edited from the
slcotg.res egf Herr Salomon by an Inspector of Schools. 2nd Edition. Crown
0. 38, 6d.

The Teacher’s Handbook of Slijjd. By Otto Salomon. Translated by
m % Wz,‘lker and Wm. Nelson. Illustrated. 2nd Edition, much enlarged.
y 8vo. 6a.

Practical Directions for Making the High School Series of 8l¢jd
Models, By Alfred Joh Translated and adapted by Mary R. Walker and
Wmn. Nelson. Crown 8vo. 2s.

Working Diagrams of the S10jd Models. By Wm. Nelson. 56 Cards
in Envelope, 3s.

"Woodwork Course for Boys. Consisting of a graduated series of 30
Modele, arranged so as to cover the req}uirementa of the Bcience and Art Depart-
ment, Sonth Kensington. Containing full.page Working Draw~ings, and Practical
Directions for making each Model. By William Nelson, Organizer of Manual
Instruction to the Manchester School Board. Imp. 8vo. boards, price 3s. 6d.

A Complete Set of the Wooden Modcls, ns desoribed in above work, can be had
on application through the Publishers. Price 21. 10s, per Set, net.

Lessons in Woodwork and Carving. Compiled under the directions
of the Hampshire County Council. Imp. 8vo. boards, 2s. 6d.

‘THE ENGLISH SLOJD.’

Manual Instruction—Woodwork. By 8. Barter, Organizer and In-
structor of Manual Training in Woodwork to the London School Board, and
Organizing Instructor to the Joint Committec on Manual Training in Woodwork
of the School Board for London, the City and Gnilds of London Technical
Institute, and the Worshipful Company of Drapers. With n Preface by Grorge
Rioks, B.8c , Load. Illustrated by 303 Drawings and Photo Engravings. Fcap.
4to. cloth, 7s, 6d.

CoNTENTS : — Introduction—Drawing — Timber —Tools—Bench Work-—Work-
room and its Fittings—List of Tools required, &c.

The above Work covers tha Requirements of the Examinations of the City and
Guilde of London Institute and the Scienve and Art Department in the subject.

8ir PHILIP MAGNUB says :—*‘ Mr. Barter, in his book on * Woodwork,”’ has
sucoeeded in showing, what is mort important, the edncational value of manual
training in schcol inrtruction, and has thus rendered a %:‘eut service to those
seeking a trustworthy guide in the practicsl study of the subject.’

J. H. REY~oLDS, Esq., Director and Socretary Municipal Technical Schools,
Manchester, rays :—‘ One of the best, if not the best hook, that has hitherto been
published on this subject, whether English or American.’

Professor W. R1PPER, of Sheffield Technical School, says :—* Mr. Barter, by
his ability, experience, and success as an instructor of manual training classes, 18
the right man to write a bo~k on woodwork, and the book he has produced is &
most valuable addition to our literature on mannal training—in fact, so far as I
.am aware, it 18 the most complete and satisfactory work, as a course of 1nstruction
for schools, yet published iu this country.’

A complete Illustrated Price List of S16jd Tools, &c., post free,
on application,
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TaE SL3JD SYSTEM OF MANUAL TRAINING—Continued.

Practioal Eduocation. A Work on Preparing the Memory, Developing
Quickness of Perception, and Tramning the Constructive Faculties. By O, G. Le-
land, M.A. 3rd Edition. Orown 8vo. cloth. 6s.

‘Mr. Leland has established two important points. First, that art work,
instead of adding to overpressure in school study, relieves it. becanse it ix regndmi
by the children as relaxation Secondly, that the ti-ue taken up by art work, so
far from interfer ng with the regular school studies, is & positive gain to them by
the quickening of the genernl intelligence.'—Journal of Education.

‘ He gives most excellent advice to the teacher.'—Schoolmaster,

ON TEACHING LANGUAGES.

Lectures on the Teaching of Modern Languages, delivered in the
University of Cambridge in the Lent Term, 1837. By 0. Colbeck, M.A., Assistant
Master of Harrow School. Extra foap. 8vo, 2s.

The Art of Teaching and Studying Languages. By Francois Gouin.
Translated by Howard Swan and Victor Bétis. Crown 8vo, 7. 6d.

PHYSICAL TRAINING.

A new series of Gymnastic Handbooks, by A. Alexander, F.R.G.8.,
Director of the Liverpool Gymnasium, Hon. Sec. of the National
Physical Recreation Society.

Musical Drill for Infants. Part I. 4th Edition, Enlarged, with 120
Illustrations and specially adapted Music. Crown B8vo, 2s. 6d.

Musical Drill. Part IL. With 132 Illustrations and specially adapted
Music. Demy 8vo. 3s, 6d.
Separately : Military Gun Drill, 6d., Scarf Drill, 1s. ; Muypole Exercises and
Lance, 1s,
Healthful Exercises for Girls. Gymnastic Exercises specially adapted
for Ladies, 200 Illustrations. Musical accompanimeuts. Crown 8vo. 2s, 6d.

Modern Gymnastic Exercises. Part I. Elementary, with 200 Illus-
trations, and Music. Crown 8vo. 2+, 6d. Part IL., Advanced. 275 Illustrations,
and Music. Demy 8vo. New Edition, 3s. 64,

Physical Drill of all Nations. With numerous Illustrations and
National Music specially alapted to the Egercises. Demy 8vo 35 6d.

Drill for the Standards. Containing a varied selection of Physical
Exercises adapted for use in Elementary Schools as required by thy New Code.
With numerous Illustrations and specially adapted Music. Orown 8vo, 2, 6d.

Bell's Handbooks of Athletic Games. All England Serics

Illustrated Lists of the requisite Gymuastic Apparatus will be sent
post free on applicution.



The Mew Wlebster.

AN ENTIRELY NEW EDITION,
Thoroughly Revised, considerably Enlarged, and reset in new
type from beginning to end.

INTERNATIONAL
DICTIONARY

2118 PAGES. 3500 ILLUSTRATIONS.

Prices: Cloth, £1 1ls. 6d.; Half Calf, £2 2s.; Half
Russia, £2 bs.; Calf, £2 8s.; or in 2 vols. Cloth,
£1 14s.; or with patent Marginal Index, Full Sheep,
£2 8s.; Full Calf, £2 10s.

Editorial work upon this revision has been in active progress for over

' 10 years.

Not less than 100 editorial labourers have been engaged upon it.

Over 60,0001, expended in its preparation before the first copy was printed.

. Weesrzr is the Standard in the Postal Telegraph Department of the
. British Ieles.

“WessTER is the Standard in the U8, Government Printing Office.

The Madras Journal of Education says: ‘No School or College Library can be
-oonsidered even tolerably ipped without this work, and we hope that the Im-
gﬂm:n and Inspectresses of Schools Will make it a point to ses that every
Jn the Presidency supplies itself with a copy at the earliest possible opportunity.’

. The Lond. Jouml:{"’ tion says: ¢ We have turned out some hundred words-
wherein we have found the ordinary dictionaries defective, and in over ninety per cent.
of these * Webster "’ has satisfled us.’ R

Beware of Unauthorised Editions. See that you get Webster's

¢ International’ Dictionary.

E;wlpectuues with Specimen Pages, Press Notices, and]Literary
Opinions on Application.

LONDON: GEORGE BELL AND SONS.






