
ELEMENTARY

PHYSICS AND CHEMISTRY

GREGORY AND SIMi.lONS

THIRD STAGE

Lg.

Storage - Item

EDUCATION

LP6 - J35B
UBC Library

ifS!3,^i^^y^^:^£s&^% .$>agffS!g. a. - ?t>::..



Digitized by the Internet Archive

in 2010 with funding from

University of British Columbia Library

http://www.archive.org/details/elementaryphysic03greg



V 1717'

HISTORICAL COLLECTION

EDUCATION LIBRARY UBC





ELEMENTARY PHYSICS AND

CHEMISTRY



j^O^^M.

MACMILLAN AND CO., Limited

LONDON • BOMBAY • CALCUTTA
MELBOURNE

THE MACMILLAN COMPANY
NEW YOKK • BOSTON • CHICAGO

ATLANTA • SAN FRANCISCO

THE MACMILLAN CO. OF CANADA, Ltd.

TORONTO



ELEMENTARY

PHYSICS AND CHEMISTRY

THIRD STAGE

BY

R. A. GREGORY, F.R.A.S.
PROFESSOR OF ASTRONOMY, QUEEN's COLLEGE, LONDON

AND

A. T. SIMMONS, B.Sc.(Lond.)
ASSOCIATE OF THE ROYAL COLLEGE OF SCIENCE, LONDON

MACMILLAN AND CO., LIMITED
ST. MARTIN'S STREET, LONDON

1908



First Edition 1900.

Espriiited 1901, 1904, 1905, 1906, 1908 (twice).

OLASGOW : PIUNI'Kl) Al' THE INIVKUSITV PRESS

BV ROBEHT MAi:l,K,II()SK AND CO. LTD.



PREFACE.

This book is the last of three little volumes containing a

course of elementary Physics and Chemistry based upon a

syllabus of work approved several years ago by the Board of

Education as suitable for the upper standards of elementary

schools. The object of the instruction prescribed is not so

much to convey information as to develop a scientific habit of

thinking in the pupils, and it is in sympathy with this spirit

that the books have been prepared.

Wherever the study of science is being commenced, it

should be through the consideration of the properties of

familiar things ; for this is the best way to encourage an

intelligent interest in scientific reasons and results. The

course of work here followed is thus as suitable for the lower

forms of secondary schools as for schools of other grades.

A knowledge of the scientific meaning of such facts of

ordinary experience as are described and examined in this

and the two companion volumes should, indeed, be possessed

by everyone.

The value of practical exercises in all scientific instruction,

however elementary, is now so widely recognised that it is

almost unnecessary to advise that the experiments described

in each lesson should be actually performed. Unfortunately,

it is not often possible to provide accommodation and apparatus

sufficient to enable individual pupils to experiment. This
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difificulty has been borne in mind in designing the form of

the following lessons, each of which is divided into two parts

—the first consisting of instructions for the performance of

simple experiments, the second of explanations of the principles

taught by the practical work.

When circumstances permit, every pupil should perform

the experiments, and when this is impossible he should see

them done by someone else. The descriptive text, which is

complete in itself, and independent of the experimental work,

though covering the same ground, provides suitable lessons

to be studied at home.

Every effort has been made to arrange a practicable and

instructive first course of science based upon sound educational

principles. No difficult point has been passed without attempt-

ing to present it in the simplest way, and in such relation with

everyday phenomena as to encourage pupils to use their ob-

servant and reasoning faculties.

Several of the illustrations have been specially engraved for

the book by Mr. O. L. Lacour, and all of them have been

inserted with the object of simplifying the text, or impressing

some fact upon the mind of the pupil.

For the help readily given us by Mr. J. A. Humphris, Science

Demonstrator for the Bristol School Board, we gladly take

this opportunity of recording our thanks-

R. A. G.

A. T. S.

London, /z^/j/, igoo.
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ELEMENTARY PHYSICS AND
CHEMISTRY.

SUMMARY OF FIRST AND SECOND STAGES.

To connect this Tohuiie ivith the two previous books, a sum-

mary of the subjects already dealt with is given before

commencing the new work. This will not only serve to refresh

the memory of the pupil who has been through the courses of

work described in the earlier volumes, but will also enable

students who have used other books to follow intelligently the

experiments and descriptions in this one. The Third Stage

commences on p. 17. '

''

PROPERTIES OF COMMON STUFFS.

The study of science.—Facts abouc things are found out by

means of the five senses—seeing, feehng, hearing, smelling, and

tasting. There is no difference between science and ordinary

knowledge learnt by the senses, for organised common know-

ledge, or common sense, is science.

To all those things which are studied by means of the senses

the name matter, or things, or stuffs, is given. There are many
kinds of things, but they can be arranged into classes according

to their properties. Substances differ in hardness, shape, siie,

colour, and other properties, and a study of these properties

enables different things to be arranged in classes. t
1

'•

Solids, liquids, and gases.—All things can be arirange'd, by'

such a study of their properties into three classes^-*-solids,i

liquids, and gases. Solids, hquids, and gases are not alike.-i3

III. A ffi
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regards size and shape. Solids have a size and shape of their

own, which differ for each soHd, but remain the same for one

particular solid. Liquids have a size of their own, but no

particular shape, and when they are not held by any vessel they

at once flow ; they also form drops. Gases have no definite

size or shape ; and they fill any vessel in which they are

confined. However small a quantity of gas may be taken, it

always spreads out until something prevents it from taking up

more space.

Properties of common stuffs.—Things differ from one another

in many other ways, and their different properties are given

certain names. Thus, glass can be seen through, or is trans-

parent ; it is also easily broken, or is brittle. Opaque things

cannot be seen through. Lead is heavy in comparison with the

same bulk of many other substances, or is dense ; it is malleable,

or can be beaten into thin sheets ; it is also pliable, or can be

bent or twisted into different shapes. India-rubber is elastic,

or returns to the original shape after its shape has been changed.

Flexible things also return to their original shape after being

bent. Sponge is porous, or contains numerous small holes or

pores. All things are more or less porous. Things through

which water will not pass are impervious. Salt and sugar are

crystalline, or are made up of little crystals, each having a

certain regular shape ; they are soluble in water, that is, they

disappear when put in water. Particles of soot and flour have

no regular shape, or are amorphous. Things which burn are

combustible, and things which will not burn are incombustible.

Every substance has many properties, but it usually differs

from all other substances in one property or another. By
making use of this fact it is possible to distinguish one thing

from another.

MEASUREMENT OF SIZE AND MASS.

Measurement of length.—Whenever you measure a length,

you use a rule or tape measure having certain divisions marked
upon it. An inch, or a foot, or a yard, always means a definite

length, and in order that everyone shall use the same inches,

feet, and yards, a standard length has been agreed upon.

The British standard of length is the distance between two
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lines upon a bronze bar deposited with the Board of Trade, and

is called a yard. The length of one third of a yard is called a

foot, while one-twelfth the length of a foot is called an inch.

The table known as " Long Measure " shows how British

standards of length are related to one another.

In France, and most other countries, the metric system of

measurement is used. The metric standard of length is the

metre. It is divided into tenths or decimetres, hundredths or

centimetres, and thousandths or millimetres. Similarly, a length

which contains exactly ten metres is called a dekametre ; one

which just contains a hundred metres is called a hektometre
;

and one which is exactly a thousand times as long as a metre

is called a kilometre. The length of a metre in British units

is roughly 3 feet 3?j inches.

Measurement of area.—Area is found by measuring length in

two directions. A foot square is a square which has each side

I foot in length. Square Measure is derived from Long Mea-

sure ; it tells the standards which must be used in measuring
areas.

Some of the units of area, and the way they are related to the

units of length in the British systen^, are shown in the following

table :

144 (=I2X 12) square inches make i square foot.

9 ( = 3 X 3) » feet „ I „ yard.

3°! ( = 5* X 5i) ') yards „ i „ pole.

The measures of area or surface in the metric system can be

shown in a similar way :

ioo( = iox 10) square millimetres make i square centimetre.

100 ( = 10x10) „ centimetres „ i „ decimetre.

100 (=10x10) „ decimetres „ i „ metre.

Measurement of volume.—The amount of room a solid takes

up, or the space it fills, or its cubical content, is called its volume.

Length, breadth, and thickness have to be measured in deter-

mining volume. Cubic Measure is derived from Long Measure

in the way the following table makes clear :

1728 (=12x12x12) cubic inches make i cubic foot.

27 (= 3 X 3 X 3) » feet „ I „ yard.

The litre.— If a hollow cube is maoc i decimetre long, i deci-

metre broad, and i decimetre deep, it will hold 1000 cubic

centimetres of liquid This capacity is called a litre.
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The chief measures of capacity in the metric system are con-

nected with one another as follows :

lo centilitres make i decilitre.

I o decilitres „ i htre (looo cubic centimetres).

Io litres „ i dekalitre.

lo dekalitres „ i hektolitre.

lo hektolitres „ i kilolitre or i cubic metre.

Measurement of mass.—Mass is the amount of substance in a

thing, and its weight is the force with which the thing is pulled

down by the earth. In this country the standard of mass is the

amount of matter in a lump of platinum which is deposited with

the standard yard at the Board of Trade. The lump of platinum

is called the imperial standard pound avoirdupois. The divisions,

etc., of the imperial pound you have already learnt in your arith-

metic lessons, under the name of "Avoirdupois Weight."

The standard of mass which is adopted in the metric system

is called the kilogram. This standard is bigger than the British

pound, being equal to about two and one-fifth of our pounds.

The mass of one-thousandth of a kilogram is called a gram, and
is the unit generally used in scientific work. A gram is the mass
of one cubic centimetre of water at a temperature of 4° C.

The fractions and multiples of a gram are connected as

follows :

10 milligrams = i centigram. 10 grams = i dekagram.

10 centigrams = I decigram. 10 dekagrams = i hektogram.

10 decigrams =1 gram. 10 hektograms = 1 kilogram.

The balance is used to compare masses. The principle upon
which it depends is that, when two masses placed at the same
distance on opposite sides of the turning point balance one

another, they are equal.

DENSITY AND RELATIVE WEIGHT.

Meaning of density.— It is found that equal volumes of dif-

ferent substances ma\- have different masses ; and that equal

masses of different substances may have different volumes. It

is usual to speak of these facts by saying that things have

different densities. Density is shown by the proportion which

the mass of a thing bears to its volume. The mass of a cubic
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centimetre of water at a temperature of 4° C. is i gram, and the

density of water at this temperature is consequently taken as

the standard density. The mass in grams of a cubic centimetre

of any substance at a temperature of 4° C. is the density of the

substance. It is easy to see that this gives the number of times

the substance is heavier or Hghter than an equal volume of water.

Some things sink, others float in water.—When an object

sinks in a liquid the volume of liquid displaced by the object is

equal to its own volume. This fact provides a means of deter-

mining the volume of an irregular solid, for if it is insoluble in

water, when it is immersed in water, the volume of water dis-

placed can be observed, and tells the volume of the sohd.

When an object floats in a liquid, the volume of liquid dis-

placed is equal to the volume of the if/imersed portion of the

object ; but the mass of the liquid displaced is equal to the

whole fnass of the object. An object which floats in water sinks

deeper into a liquid which is less dense than water, and not so

deep into one which is denser than water. The lactometer

is an instrument which depends for it use upon these facts.

The density of solids.—\\'hen an object is immersed in water

it loses weight equal to the weight of the water displaced by the

object. This fact is known as the Principle of Archimedes. By
means of this principle the density of a solid compared with that

of water can be readily determined. The object is first weighed

in air, and then while hanging in water. The density of the

object compared with that of water can be found by dividing

the weight in air by the loss of weight in water.

r, -t ^- A . c 1- ^ Weight of the object in air
Relative densitv of an object = ——-^ r—.—

?

-.
Loss of weight in water

BAROMETERS AND THERMOMETERS.

The air around us.—Air has mass, and its mass can be found

by weighing a tightly-stoppered bottle first full of air and then

wnth the air sucked out. Because of its mass, the air has weight

and exerts pressure upon objects on the earth's surface, as is

shown by the use of a sucker as well as in other ways. When
air is removed by suction from the inside of a tube dipping into

a liquid, the pressure of the air outside forces the liquid up the

tube. This explains the action of a squirt and of a commoi?
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pump. The pressure of the air is best measured by means of a

barometer.

Barometers.—A barometer is an instrument for measuring

the pressure exerted by the atmosphere. The principle of a

barometer is that a cohimn of mercury in a tube containing no

air is balanced by the pressure of the atmosphere outside the

tube. The length of the column of mercury supported by the

pressure of the atmosphere is, on the average, 30 inches at sea-

level. The height of the top of the mercury column changes

slightly from day to day on account of alterations in the pres-

sure of the atmosphere. The pressure of the atmosphere at

sea-level is, on the average, equal to the weight of 15 lbs. on

every square inch. The higher we rise above sea-level the less

is the pressure. At a height of 3I miles the mercury column in

a barometer stands at 1 5 inches instead of 30 inches. At such

a height, the pressure is, therefore, equal to the weight of

75 lbs. on every square inch instead of the weight of 1 5 lbs. per

square inch. Mercury is generally used for barometers, because

it is a very dense liquid, does not leave a mark upon the tube,

and can easily be seen.

Thermometers.— If a thing is made hotter and hotter, several

changes in it may be noticed. These changes are the effects of

heat, and they may thus be stated : (i) Change of size, shown

by the expansion and contraction of solids, liquids, ahd gases

when heated and cooled. (2) Change of state, as when ice is

converted into water, and water into vapour, or steam, by heat.

(3) Change of temperature, which means the condition of bodies

as regards heat, a hot body being at a higher temperature than

a cold one.

Thermometers are instruments used for accurately measuring

changes of temperature. The sense of touch cannot be trusted

for this purpose, because our feeHng does not tell us accurately

how hot or cold a substance is. A thermometer usually consists

of a sealed glass tube having a bulb at one end. The bulb and

part of the stem contain a liquid, mercury or alcohol being the

liquid generally used.

The liquid in a thermometer should (i) expand a great deal

for a small increase of temperature, (2) not easily change into

the solid or gaseous state, (3) be in a tube of equal bore having

a comparatively large bulb at one end.

In order to mark the divisions upon a thermometer, that is.
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to graduate the thermometer, advantage is taken of two tem-

peratm^es which have been found to be constant. These

temperatures are (i) the temperature at which ice melts or pure

water freezes
; (2) the temperature of the steam issuing from

boihng water when the barometer stands at 30 inches. The
difference of temperature between these two fixed points is

divided into degrees.

Two common kinds of thermometers are the Centigrade and

the Fahrenheit thermometers. The degrees of temperature

indicated upon these instruments when they are placed first

in boiling water and then in ice are as follows :

Centigrade. Fahrenheit.

Boiling point, 100° 212°

Freezing point, 0° 32°

SOLUTIONS AND CRYSTALS.

Soluble and insoluble solids.— Solution is the process by which

some substances, when placed in water or other liquids, dis-

appear, and their particles spread through the entire mass ot

the liquid. A substance is said to be soluble in a liquid, or to

dissolve in it, when it disappears in the liquid and forms a

solution. Sugar, salt, and soda are soluble in water.

A substance is said to be insoluble in a liquid when it will not

dissolve in the liquid. Sand, gravel, camphor, sulphur are in-

soluble in water. Substances which will not dissolve in v.'ater

will often dissolve in other liquids. Camphor and shellac are

soluble in spirits of wine ; sulphur is soluble in carbon bisul-

phide. Small particles of insoluble substances are held in

suspension in the liquid in which they do not dissolve, and they

can be got rid of by filtering, or by letting the liquid stand un-

disturbed for a short time.

Soluble liquids and gases.—Some liquids mix or dissolve other

liquids. Alcohol (whisky or brandy) dissolves in water; so does

vinegar. Some liquids do not mix, or are insoluble, in one

another. For instance, oil, water, and mercury do not mix.

Some gases dissolve in liquids. The gas in soda-water, and

ammonia gas in the so-called liquid ammonia, are examples of

gases dissolved in liquids. The air dissolved in water is neces-

sary for the life of water animals and plants.
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There is no loss during simple solution.— Matter is not lest

when a substance is simply dissolved. A solid and liquid when
separate have the same mass as when the solid is dissolved

in the liquid.

Mass of Solid+ Mass of Solvent = Mass of Solution.

When chemical action accompanies solution, changes in mass
do occur, but there is no loss of matter. For example, if a piece

of copper is dissolved in moderately strong nitric acid and the

blue solution which is formed after all the brown fumes have

been given off is evaporated to dryness, the blue residue left

behind weighs more than the copper. But the total mass of the

new substances obtained when a chemical change takes place is

the same as that of those originally taken. Thus, if the masses

of the copper and nitric acid be added together, the same result

is obtained as by adding the masses of the blue residue, the gas

evolved, and the steam given off during evaporation.

Saturated solutions.—A solution is saturated with a substance

when it contains as much of that substance as it will hold at the

temperature ofthe solution. The effect of an increase of tempera-

ture on saturation is usually to increase the amount of a substance

which can be held in solution. The solubility of a substance

usually decreases as the temperature is lowered. Water dis-

solves most substances, but in different degrees. Salt is more

soluble in water than sugar, and sugar is more soluble than

chalk.

The solubility of a substance in water can be found by shaking

up the substance with a certain quantity of water until no more

will dissolve, and then evaporating the water. The amount

dissolved in this volume of water can afterwards be determined

by weighing, and the amount which would dissolve in loo cubic

centimetres of water can be calculated.

Solubility of things in acids.—Certain metals dissolve in acids,

and their solution is accompanied by the formation of new sub-

stances with new properties. Such solution is therefore an

example of a chemical change. In this way copper dissolves in

nitric acid, and zinc in dilute sulphuric acid.

Other substances besides metals will dissolve in acids. The

solution of marble in weak hydrochloric acid is an example.

This is also an instance of a chemical change.

Crystals.—Crystals are naturally-formed lumps of certain

substances having a regular shape, which is always the same
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for the same kind of thing. Rock-salt and some other sub-

stances form crystals which are perfect cubes. Diamond
crystals have the shape, of the octahedron.

Soda crystals can be obtained from carbonate of soda by
making a saturated solution of the powder and allowing it to

cool.

Water of crystallisation is the water contained in some
crystals. It has something to do with their shape and some-

times with their colour.

Efflorescent crystals easily give up their \\ater of crystallisa-

tion to the air. Deliquescent crystals readily take up moisture

and become wet.

Two examples of waterless crystals are common salt and
sulphur. Sulphur crystals can be obtained by melting sulphur

m an evaporating basin and pouring out the liquid sulphur

from the interior after a crust has been formed.

THE MOISTURE IN THE AIR.

Evaporation.—The process by which water, or any other

liquid, is changed into an invisible substance which spreads

throughout the air in its neighbourhood, is called evaporation.

Evaporation takes place at all temperatures, and is more rapid

when the air above the liquid is in motion. Some liquids

evaporate more rapidly than others at the same temperature.

But, in all circumstances, when water and other liquids are

converted into vapour, they must take up heat from somewhere,

and consequently evaporation causes cooling.

Quiet evaporation and boiling are not the same. In quiet

evaporation, vapour is only formed at the surface of the liquid

;

in boiling, on the other hand, vapour is formed everywhere

throughout the liquid, as well as at the surface.

Condensation.—Condensation is an exactly opposite process to

evaporation ; it may be spoken of as the process by which

vapours, such as steam, are reconverted into liquids by cooling.

Common instances of condensation are found (i)in the moisture

which collects on the inside of the window panes of a warm room

when the air outside is very cold, and (2) the cloud formed

when we breathe in the open air on a frosty day.

Distillation.— Distillation is a process, used by chemists and



lo ELEMENTARY PHYSICS AND CHEMISTRY.

others, in which a Hquid is first converted into a vapour by
heating it, and so causing evaporation ; and then the vapour is

reconverted into a Hquid by cooHng it to bring about condensa-

tion. This is the way in which pure water is obtained from

water having dissolved impurities in it, such as sea -water. The
pure water got by these means is called distilled water. It

differs from ordinary water in containing no solids dissolved in

it. Rain water is really distilled water.

There is always water in the air.—The amount of water

vapour in the air varies greatly from day to day. Whenever
the water vapour gets condensed it becomes visible, forming fog,

cloud, rain, snow, hail, hoar-frost, or dew. Damp air is not

always air which contains a great deal of water vapour, but that

which contains nearly as much water vapour as it is able to hold

at the time. Similarly, dry air is capable of holding a much
larger quantity of water vapour than it actually contains.

The amount of water vapour in the air.—Some substances, like

calcium chloride and sulphuric acid, are able to take up or

absorb moisture from the air. By finding the mass of some
calcium chloride or sulphuric acid before and after exposing it

to the air, it is possible to ascertain how much water vapour has

been taken out of the air. If care is taken to arrange the

experiment so that all the water vapour is removed in this way
from a given amount of air, the actual amount of moisture in the

air is determined. The apparatus by which this is done is called

a chemical hygrometer.

Another, more common form of hygrometer is the wet and
dry-bulb thermometer, which consists of two exactly similar

thermometers. The bulb of one is covered with a muslin bag
from which hang threads that dip into water. The muslin

thus becomes wet ; and the evaporation from it lowers the

reading of the thermometer. The difference in the readings of

the thermometers is great when the air is dry, and small when
the air has much moisture in it.

CHANGES IN VOLUME AND DENSITY OF WATER.

Changes in volume of water.—The first effect of cooling water

is to make it contract. This goes on steadily until the tempera-

ture of four degrees centigrade (4° C.) is reached. From this
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point, though the coohng is continued, the water no longer con-

tracts, but begins to expand. This expansion continues until

the temperature o° C. is reached, when the water begins to

change into solid ice, which is one-tenth larger than the water

from which it is formed.

If, instead of making warm water cooler, some ice-cold water

is allowed to get warmer, it steadily gets smaller in volume until

the temperature of 4° C. is reached, but after this temperature

it gets larger as it becomes warmer. Thus, unlike most other

liquids, water at a temperature of 4° C. expands not only if it

is heated, but also if it is cooled.

Maximum density of water.—Any mass of water has a smaller

volume at 4° C. than at any other temperature. But when the

volume is least the density is greatest, therefore the temperature

of 4° C. is the temperature at which water has its maximum
density.

It may be remembered that in the First Stage of this book the

mass of I cubic centimetre of water was said to be one gram.

This, however, is only exactly true when the temperature of the

water is 4° C. At any other temperature the mass of a cubic

centimetre of water is less than i gram. A cubic foot of water

also weighs more at 4° C. than at any other temperature.

Density of ice.—When water is changed into ice it increases

in volume. Ice is consequently lighter than water and floats

upon it. If this were not so, a pond would begin to freeze at the

bottom, and would, during a long frost, become frozen right

through. The density of ice is 0-9. A cubic foot of water weighs

62 lbs. ; a cubic foot of ice only weighs 57 lbs.

HEAT AND TEMPERATURE.

Temperature may be compared with water level.—Tempera-

ture is a condition of hotness or coldness ; it can be compared

with the level of a liquid. Bodies are at different temperatures

when heat tends to pass from one to the other. Liquids at high

and low levels, in vessels of the same diameter, come to a level

midway between the two original levels if the liquids are free to

move. Similarly, when equal masses of water at high and low

temperatures are mixed, the temperature of the mixture is

midway between the two original temperatures.
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When inieqiial masses of water at different temperatures are

allowed to mix, the smaller mass undergoes the greater change

of temperature. But, in eveiy case,

Rise of temperature _ Fall of temperature
X mass of cold water" x mass of hot water.

Quantity of heat.—The quantity of heat in any given amount

of water depends both upon the mass of the water and its

temperature. The unit quantity of heat is the amount of heat

required to raise the temperature of one gram of water i° C, or

that which is given out by one gram of water when its tempera-

ture falls through i° C. The unit quantity of heat is called a

calorie or a therm.

The number of units of heat taken up, or given out, by water,

when its temperature rises or falls, is determined by multiplying

the mass of the water in grams by the number of degrees through

which its temperature rises or falls.

Capacity for heat.—Just as the same amount of liquid rises to

different levels in similar vessels of different capacities, so, the

same amount of heat produces different temperature effects

when added to equal masses of substances of different capacities

for heat.

The temperature of a substance can be compared with the

level of a liquid in a vessel, and the capacity for heat corresponds

to the fluid capacity of the vessel. The capacity of water for

heat is greater than that of any other substance, and con-

sequently water takes longer to get hot, and longer to become
cold, than an equal mass of any other substance.

Equal masses of different substances often contain different

quantities of heat, though their temperatures may be the same.

The amounts of heat absorbed (or given out) by equal masses of

different materials when heated (or cooled) through the same

number of degrees of temperature are generally different. Any
mass of water at a given high temperature has a greater heating

effect than an equal mass of any other substance at the same

high temperature.

Specific heat.—By the specific heat of a substance is meant

the fraction which represents the comparison of the number of

units of heat absorbed (or given out) by the substance in under-

going a given change of temperature and the number of units of

heat absorbed (or given out) by an equal mass of water in

experiencing the same change of temperature. Specific heat
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may also be regarded as the number of units of heat required to

change the temperature of unit mass of the substance 1° C.

The quantity of heat in a substance depends upon: (i) the

mass, (2) the temperature, (3) the specific heat, of the substance.

HEAT ABSORBED IN THE FUSION OF ICE.

Latent heat of fusion.—When a sohd is heated sufficiently it

melts. The temperature at which the melting takes place is

called the melting point. So long as there is any of the solid

unmelted, the temperature does not rise above the melting

point. The number of heat units necessary to change a gram
of a solid into a liquid, without raising its temperature, is spoken

of as latent heat of fusion.

The latent heat of water is the number of heat units required

to change one gram of ice into one gram of water at 0° C. ; and

its value is 80. This number is determined by mixing known
masses of warm water and ice and recording the temperature of

the mixture at the instant the last piece of ice disappears.

As a natural consequence of the latent heat of water, ponds

require many frosty nights to freeze them over ; and a thaw takes

many days to become complete.

HEAT ABSORBED IN THE CONVERSION OF
WATER INTO STEAM.

Convection.—Convection is the pi-ocess by which liquids and

gases become heated by the actual movement of their particles.

When Hquids and gases are heated, upward warm currents and

downward cold currents are caused. These currents are called

convection currents. Heating buildings by hot water is a

practical way of making use of convection currents. Ventil-

ation, too, is possible because of the convection currents set up

in rooms as the air in them becomes heated.

The latent heat of steam means the number of heat-units

required to change a gram of water at 100° C. into a gram of

steam at the same temperature. The latent heat of steam is

536. Or, it requires as much heat to change a gram of water

at 100° C- into a gram of steam at the same temperature as
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would be necessary to raise the temperature of 536 grams of

v/ater through 1° C.

Some familiar instances of the heat absorbed when a liquid is

changed into a vapour are, the cooling of the hand when it is

waved about after sprinkling some ether or alcohol on it, and

the cooling of the air after roads have been watered in the

summer. It is because of the latent heat of steam that a scald

from the steam of boiling water is worse than a scald from the

boiling water itself.

RUSTING AND BURNING.

The rusting of iron.—Iron in rusting gains in mass, taking some
material from the air, and this material is the part of the air

which causes substances to burn in it. Substances, like copper,

which tarnish when heated in the air, similarly increase in mass.

Metals, like magnesium, which burn when heated in the air,

also increase in mass. In all these cases the increase in mass

is due to the part of the air they have taken up. This part,

which is taken from the air in this way, is that concerned in

burning, and is called the active part of air. The part of the

air which is left will not allow things to burn in it and is called

the inactive part of air. There are, then, two kinds of gases in

the air : one used up when iron rusts, and another in which a

light is extinguished.

When iron rusts in an enclosed amount of air it always takes

up one-fifth of the volume of air, and leaves four-fifths behind.

Air is thus made up of one part by volume of the active part

and four parts by volume of the inactive part.

The active part of the air is oxygen, the inactive part is

nitrogen.

The burning of phosphorus.—Great care is necessary in work-

ing with phosphorus, as it easily catches on fire. The waxy

form of phosphorus is always kept under water. Phosphorus

readily burns in the air ; in doing so it takes out the active part

of the air, the oxygen, and combines with it to form a white

snow-like powder. This is done very rapidly if the phosphorus

is first lighted ; but, like iron, phosphorus can slowly take out

the active part of the air without being lighted. When phos-

phorus burns in an enclosed volume of air, one-fifth of the air

in the vessel is used up and four- fifths of it remain behind.



RUSTING AND BURNING. 15

Phosphorus increases in mass in combining with the active

part of the air, and forms a white powder. This powder dissolves

in water with a hissing noise, forming an acid solution, so called

because it turns a blue Htmus paper red.

The burning of a candle.—When a candle burns in air, two

substances are formed, namely, (i) water and (2) a gas which

turns lime-water milky. The material of the candle combines

with the active part of the air. It can be shown by burning a

candle in an enclosed quantity of air over water that one-fifth of

the enclosed air is used up. Nothing is lost when a candle

burns—a fact which is proved by collecting the substances

formed as the candle burns, and then weighing them. They are

found to have a greater mass than the part of the candle which

has disappeared.

The burning of oil and coal-gas.—The burning of familiar

combustible bodies, such as oil and coal-gas, is similar to that of

a candle. The same substances are formed, and they are recog-

nised in the same way. There is no loss in any of these cases

of burning. All substances in burning use up the active part of

the air.

OXYGEN—THE ACTIVE PART OF AIR.

Search for the active part of air.—In searching for the active

part of air, the "rusts" which metals form when heated in the

air are strongly heated. "Rusts" which are formed with diffi-

culty are split up most easily when heated. Thus, red lead when

heated gives off some of the active part of the air and is changed

into litharge. But red lead is made from litharge with difficulty
;

litharge combines with more of the active part of air but slowly,

e\en if heated very strongly. The red oxide of mercury is also

made with difficulty by heating mercury in the air. And the

red o.\ide of mercury is easily split up when heated into

mercury and the active part of air.

The active part of the air, or oxygen, is at once recognised by

its power of re-kindling a glowing splinter of wood.

Preparations of oxygen.—0.\ygen is generally prepared from

substances different from the compounds formed by heating

metals in air. When potassium chlorate is heated it crackles,

melts, and gives off bubbles of oxygen. If manganese dioxide,
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or sand, is mixed with the potassium chlorate the oxygen is

given ofif more readily and at a lower temperature. Such a

mixture is called oxygen mixture. Oxygen is generally obtained

in small quantities by heating oxygen mixture in a suitable

vessel, and collecting the gas over water.

Properties of oxygen.—Oxygen is a gas with no colour, no

taste, and no smell. It is a Httle heavier than an equal volume

of air. Carbon, sulphur, phosphorus, etc., at the ordinary tem-

perature of the air do not ignite when placed into oxygen.

Carbon, if red hot, combines with oxygen when placed in the

gas, burning brightly and forming an invisible, odourless gas,

which turns lime-water milky. The solution of this gas in water

turns blue litmus red, and is therefore acid.

Ignited sulphur burns much more brightly in oxygen than in

air. In burning, it forms a gas which has a suffocating smell.

The gas is soluble in water, and the solution turns a blue litmus

paper a brilliant red colour, thus proving it to be acid.

Ignited phosphorus burns with a dazzling flame in oxygen,

forming a snow-white powder which easily dissolves in water

with a hissing noise. The solution thus obtained turns a blue

litmus paper red.

Iron under suitable conditions will burn in oxygen.



LESSON I.

CHARACTERISTIC PROPERTIES OF WATER.

PRACTICAL WORK.

Things required.— Flask. Thermometer marked in centigrade

degrees to over 150°. Laboratory burner. Tripod and gauze.

Ice and salt, or sodium sulphate and hydrochloric acid. Evapor-

ating basin. Test-tubes. 4-oz. flask. Balance and weights.

Salt, sugar. Paraffin wax. Methylated and pure spirits of wine.

REVISION EXPERIMENTS.

What to do.

Boiling point.—Boil some water in a flask and determine

the boiling point with a mercury thermometer, divided into

centigrade degrees, held in the steam (Fig. i).

F/'eesing point.—Freeze some neater contained in a test-

tube, by plunging the tube into a freezing mixture (either

salt or ice, or sodium sulphate and hydrochloric acid). Allow

the ice formed to partially melt and measure the temperature

of the mixture of ice and water.

Try to freeze some methylated spirit in the same way.

Melting point of wax.—Carefully melt some paraffin wax
in a small test-tube, and when it begins to turn solid, take

the temperature. A more accurate method than this was

described on page 77 of the Second Stage.

Solution and evaporation.— Make solutions of common
salt, sugar, etc., in water. Observe that warm water dissolves

more sugar than cold water. Evaporate the solutions so

obtained and observe that the sohd remains behind as a residue.

Ill B
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Water is not combustible.— If some spirits of wine (not

methylated) is obtainable, compare its appearance with watei'.

Fig. I.—Water boils at a temperature of loo" C. when the mercury in

a barometer stands at 30 inches.

Put a little into the bottom of a porcelain dish, or upon a

plate, and set fire to it with a lighted match. Try to perform

the same experiment with w^ater.

WATER SPIRIT

ibO QMS 128 GMS

Fig. 2.—The empty fla.sk weighs 40 gms.; when filled with water up
to a certain mark it weighs 150 gms.; and with spirit, 128 gms. Com-
pare the doiisities of water and spirit.

Density.—Half-way up the neck of a 4-oz. flask, stick a

strip of gummed paper or make a mark with a file (Fig. 2).

Counterpoise the flask on a balance. Fill the flask to the
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lower edge of the strip with the spirit and weigh it. Empty
the flask and perform a similar experiment with water. Com-
pare the densities of these hquids.

REASONS AND RESULTS.

Air and water.—You have ah-eady learnt many valuable facts

about the composition of the air which surrounds the earth. By
a series of experiments you have discovered that it is chiefly

made up of two gases possessing very different properties. One
of these, called oxygen, is a very active gas in which many
substances burn with great brilliancy ; while the other, of which

there is four times as much as the oxygen, is called nitrogen,

and is an extremely inactive gas, combining with but few sub-

stances, and only doing so with ditificulty. The nitrogen in the

air counteracts the great activity of the oxygen.

You must now turn your attention to the study of another very

common and abundant substance, namely water, and learn as

much as you can about it. Following the previous plan, it will

be best to consider first what has ahead)- been found out about

this useful liquid. Most of the physical properties of water have

been studied in previous lessons, and it will be well to call them
to mind before dealing with the chemical properties.

Chief physical properties of water. —Water is a clear liquid

which appears colourless when seen in thin layers, but when
deep clear water (such as that of mountain lakes) is looked at,

a beautiful blue-green tint is well seen. This blue-green colour

can be shown by passing a beam of white light through a long

tube closed at the ends with glass plates, and filled with pure

water. Other liquids resemble water in colour, but the following

properties are possessed by water alone ; they are the character-

istics or peculiarities of water, and serve to distinguish it from

everything else.

Water boils at a temperature of 100° C, when the pressure

of the atmosphere upon its surface is equal to the weight of a

column of mercury 30 inches high ; water is then converted into

a \apour which is called steam. At 0° C. water freezes or is con-

verted into a clear glassy solid, called ice.

The quantity of heat needed to melt one gram of ice is 80

calories, and the quantity recjuired to change one gram of

boiling water into steam is 536 calories.
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The density of water, which as you know is the mass of one
cubic centimetre of it measured in grams, is, at 4° C, equal to i.

This density is taken as the standard with which the densities

of other substances are compared.

Water as a solvent.— It has been learnt that water dissolves

more substances than any other liquid. By the disappearance

of a solid in water in this way, a solution is obtained. The
amount of a solid which water can dissolve depends upon the

temperature of the water. As a rule, the warmer the water the

more of the solid will it dissolve. When warm water, which has

dissolved as much of any soluble solid as it can, is allowed to

cool, part of the solid separates out again as crystals. But if

a solution of a substance in water is gently heated for some
time, the liquid slowly passes off in the form of steam and the

dissolved material is left behind in the form of a residue. If

the steam which escapes is again condensed into water it is

found to contain no solids dissolved in it.

Chemical properties of water.—But none of the facts which

have been mentioned tell you anything about the composition of

water, that is, of what it is made. The water present in each of

the cases described undergoes no change in composition. It is

always the same substance in one of the three states : gas, liquid,

or solid. To ascertain what the water is made of, or what new
substances can be obtained from it, it is necessary to proceed in

a similar way to that employed when air was the material under

examination. In the next lesson such questions as : Have
metals any action on water? and is it possible to obtain new
substances from water ? will be considered, and when answers

have been obtained to them you will be on the way to knowing

something of the chemical properties of water.

To BE Remembered.

The air is chiefly made up of two gases. Oxygen, which forms one-

fifth of the whole, is a very active gas, in which many substances burn

very brilliantly. Nitrogen, which forms nearly four-fifths, is a very in-

active gas which only combines with few substances.

The physical properties of water are :

It is a clear li(|uid, which, wiicn seen in large quantitie;;, has a blue-

green colour.

It boils at 100" C, and at this temperature is converted into steam.

If cooled to 0° C. it is converted into ice.
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The mass of l cubic centimetre at a temperature of 4° C. is i gram.

The latent heat of fusion of ice is 80 ; and of vaporisation of water

is 536.

The density of all other substances is compared with that of water at

4°C.

Water dissolves many substances and generally dissolves more when
hot than cold. The dissolved solids may be recovered by driving off

the water as steam, when the solids are left behind.

Exercise I.

1. If a liquid was given you which looked much like water, describe

several ways by which you could determine whether it was water or not.

2. " Sea-water is not pure water." If some were given you, how
would you show this statement to be correct ?

3. What do you understand by the " chemical " and what by the
'

' physical " properties of water ?

4. Describe any way you know of by which distilled water may be

prepared.

5. Mention as many characteristics of water as you can remember.

LESSON II.

ACTION BETWEEN WATER AND IRON.

PRACTICAL WORK.

Things required.—Two or three laboratory burners. India-

rubber stoppers. Piece of combustion tubing about 12 inches

long, for experiment described in the lesson. Flask. Glass

dish or trough. Iron filings or tacks. Clean iron. Stands as

shown in Fig. 3.

What to do.

Iro7i becomes rusty in water containing dissolved air.—
Leave a piece of clean iron in water for several hours. Notice

that rust forms upon it.

Iron in boiled water does not rust.—Boil some water
in a flask or clean saucepan for some time so as to
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drive out the dissolved air. Place a piece of clean iron ^

in a bottle and quickly fill up the bottle with the boiled

water. Insert a tightly-fitting india-rubber stopper, being

careful to enclose no air between the stopper and the top of

the water. Place on one side and examine the iron after

several hours. No rust will be seen.

Inflammable ^as obtainedfrom luater.— Place some clean

dry iron filings or iron tacks in a hard glass tube like C
(Fig. 3). Fit an india-rubber stopper, through which a

delivery tube A passes into one end of the hard glass tube as

HYDROGEN

Fig. 3. —When steam is driven over red-hot iron filings, the filings

become rusty, and an inflammable gas is produced.

shown in the accompanying illustration. To the end C fit

another stopper through which passes a short piece of glass

tube. The free end of this tube is connected by india-rubber

tubing with a glass tube passing through a cork in the neck

of the flask containing water, which has boiled for some time.

The delivery tube is arranged so that one end dips into water

in a trough as shown. A cylinder full of water is inverted in

the trough and kept ready for use later.

Strongly heat the iron filings and boil the water in the

flask so that steam passes over the heated iron and then into

the water in the trough, where it condenses. Now place over

the end of the tube in the trough the inverted cylinder of

water. Notice the steam is not completely condensed, but

1 A wire nail which has been well washed in soap and water to remove

oil, and then dried, will do we-U.
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that small bubbles ascend to the top of the cylinder. In this

way collect a cylinder, full of the gas. When the cylinder is

full of gas, disconnect the india-rubber tubing on the glass

tube in the stopper at C and remove the burner from under-

neath the flask of water. While the cylinder still dips

under the water in the trough, cover its open end with a
piece of ground glass, and holding a lighted match to the

mouth with your left hand, open the cylinder. Observe that

the gas takes fire with a slight pop and burns.

Now examine the iron filings in the tube C", and observe

that a quantity of rust has been formed.

REASONS AND RESULTS.

Action of cold iron upon water.—Just as in studying the com-
position of air the efifect of iron upon it was examined, so in

investigating the chemical properties of water, we may begin

!jy finding out what changes, if any, take place when iron and
water are placed together. Whenever iron is left in water for

some time, a considerable quantity of reddish rust is formed.

You have, however, already learnt that water always contains

air dissolved in it, and also that iron can combine with the

oxygen in the air. This suggests, therefore, that iron which

rusts when left in water, does so by combining with the oxygen

of the air which the water has previously dissolved.

When water is boiled for some time, the air which it has dis-

solved is driven out. If a piece of bright clean iron is sealed up

in a tube, from which all the air has been driven, with some of

this boiled water and left for some time, it is found that either

the iron does not rust at all or that it does so to a very small

extent only. Evidently, then, little can be found out about the

composition of water by putting cold iron into it. But when
heated iron is used a dififerent result is obtained.

Action of heated iron upon water in the form of steam.—To
make as large a surface of heated iron as possible come into

contact with the water, it is best to use iron filings in studying

the action of steam upon hot iron. The filings are contained

in a hard glass tube which will not melt when strongly heated.

A piece of iron gas-tubing or a tube made of porcelain could be
used, thougli glass is the best, because it can be seen through.

The hard glass tube is fitted at each end with india-rubber
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stoppers, through each of which a hole is made to take a glass

tube. One of these tubes is connected with a flask, or other

vessel, containing boiling water. The other tube is bent to

make a delivery tube, which dips into a trough of water.

The iron filings in the hard glass tube are made red hot by

strongly heating the tube. The tube is then connected with the

flask containing boiling water, and the stopper with the delivery

tube is inserted at its other end. At first, air escapes through

the water in the trough ; and, after that, bubbles of steam pass

from the end of the delivery tube and are condensed by the

water in the trough. When this occurs, a tube full of water is

inverted over the end of the delivery tube, and as it is watched

it is noticed that small bubbles of gas pass up into the tube and
collect there. When a lighted match is brought in contact

with the gas which collects in the cylinder, it is found to burn.

Moreover, an examination of the iron filings shows they have

been partly changed into red rust.

What happens when steam passes over red-hot iron.—Since

the gas which collects in the cylinder burns, it is clearly not

uncondensed steam, for when a lighted match is put into steam

it goes out. Nor is it air from the flask, or from the water,

because air will not burn. It must be a new substance which

has been obtained from the water, and you can now be quite

sure that the water contains a gas which will burn. This gas

used to be called inflammable air, that is, air which will burn. It

is now called hydrogen.

But why should the iron have gone rusty ? You must bear in

mind what you have already learnt about the rusting of iron in

air. You know that iron, when it rusts in air, takes out the active

part, that is the oxygen, and combines with it. You will be

quite justified in saying, therefore, that the iron filings have

combined with oxygen or they would not have gone rusty.

Where did the oxygen come from ? Certainly not from air, be-

cause that was driven out before the change took place. The

result indicates that the oxygen comes from the steam, and that

steam is made up of this oxygen and the gas which burns, that

is, hydrogen. It is, however, necessary to study the question

more fully before you can be convinced that this conclusion is

correct.
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To BE Remembered.

firon and water at ordinary temperatures have no action on one
another.— If bright iron is l^ft in water it becomes rusty, but if all the

air is driven out, and air is not allowed to come in contact with the

water, the iron does not rust.

When steam is passed over heated iron filings or tacks, in an iron or

glass tube, the iron turns rusty, and an inflammable gas known as

Hydrogen is collected.

Since iron rust consists of iron and oxygen, it looks as though the

latter must have been obtained from tlie water by the iron. The hydro-

gen also comes from the sleam which apparently consists of hydrogen
and oxygen.

Exercise II.

1. How would you show that cold water has no action on bright

iron?

2. Describe, with a sketch, how the chemical composition of water

may be determined.

3. Write down all you have observed in this lesson about " inflammable

air."

4. How do you know that the gas which comes from the delivery

tube in Fig. 3, and collects in the test-tube, is neither air nor steam?

5. Why does iron become rusty when left in water ? Can iron ever

be left in water without becoming rusty ?

6. Describe a means of obtaining inflammable air by the action of

steam upon heated iron.

7. Why is it usual to paint the iron fence round a garden ?

LESSON III.

THE COMPOSITION OF WATER.

PRACTICAL WORK.

Things required.— Sodium, knife and forceps, glass tumbler,

piece of lead or "compo" tubing about 2 ins. long, or a roll

of wire gauze, test-tube, thin beaker, filter papers.

Caution ! Sodium must never be ioucJied ivitJi bare Ji/igcrs,

for it takes fire when in contact with wet or moist things. When
placed in water the face should not be 7iear it, for after a little

while the piece of sodium bursts, and smallpieces are throwfi out

in all directions.
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What to do.

Appearance of sodiion.—Examine a piece of sodium. With
a knife, or a pair of forceps, remove one of the lumps from

the naphtha in which it is kept and place it on a piece of dry

glass or a dry plate. Cut- it in two and notice the clear

shining surfaces so formed. Notice that these bright surfaces

soon tarnish, and if exposed to the air for a short time they

become covered with a white powder.

Effect ofputting sodium in wafer.—Cut off a piece of sodium

about the size of a pea. By means of the forceps, place it

upon the surface of some water in a glass tumbler and quickly

put a large glass beaker or shade over the tumbler. Notice

that the sodium floats, takes the form of a ball, and runs about

over the surface, and finally bursts with a slight explosion.

Bring a lighted taper near a piece of floating sodium. A
golden yellow fiame appears, and it looks as if the sodium is

burning.

Sodium used to set free the injiammable gas in ivater.—
Make a short roll of wire

gauze, or obtain a short

piece of "compo" tubing.

Close one end, and put a

pebble or a small piece of

lead into the roll or tube.

Cut ofl:' a piece of dry

sodium about the size of a

pea. Put it into the roll

or tube and then nearly

close the open end of the

roll. Ha\c an in\'erted

test-tube full of water

ready in a trough or a

basin and drop the gauze

or tube, with the sodium in

it, into the water. Notice

the bubbles of gas which

rise from the sodium, and

collect them in the test-tube. (Hold the tube in a clamp of

a retort stand.)

Examine the gas in the test-tube as described in the last

lesson and notice that it burns.

Fk;. 4. —A piece of sodium is inside the

metal gauze or tube, and bubbles of an

inflammable gas are being collected.
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Fig. 5.—Arrangement for obtaining

a flame from sodium on water.

The hydrogen fumed out of water by sodium sometimes burns

without applying a light.—Yo\d a filter paper in the usual

way. Select a small thin beaker such that the filter paper

will not go right into it. Put

water into the beaker so that

it will rise just above the

point of the filter paper.

Put a small piece of sodium

into the dry filter paper, and

quickly put the paper with

the point in the water. A
flame appears, though no

light is brought near the

sodium. When the sodium

is made to burn in one place

in this way, the inflammable

gas is kindled by the heat produced, and the particles of

sodium mixed with it give the flame a yellow colour.

There is something dissolved in the water on which sodium

has acted.-\)\\^ vour finger into some of the water on which

sodium has acted, and rub this water between finger and

thumb. Notice the soapy feel of the water ;
this is produced

by the new substance formed in the water. Wash your fingers

afterwards under the tap. Add a little red litmus solution to

the water ; it is turned blue.

REASONS AND RESULTS.

Other metals besides iron will turn hydrogen out of water.—

You have learnt that before iron can set free from water a gas

which burns it must be red hot. Some other metals will do the

same thing without being heated. It has been found that a

metal called sodium y.\\\ turn the hydrogen out of water even

when it is cold.

Sodium.—The metal known as sodium is quite unlike all the

common metals which you come across in everyday life. In the

first place it is very soft. It can be cut with a knife quite easily.

It has so strong a liking for oxygen that it immediately takes it

out of the air when exposed to it, combining with it to form a

white powder which is the rust of sodium. Similarly, when

sodium comes in contact with water it at once takes something,

which wc shall eventually see is oxygen, out of it, and sets free
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a quantity of a gas which burns. Because of these two facts

sodium is always kept immersed in a liquid such as naphtha or

petroleum, which contains ho oxygen. Moreover, as sodium so

readily unites with something out of water it must never be
handled with the fingers. The hand is generally more or less

moist, and, if sodium is touched, its combination with part of

this moisture is accompanied by so great a raising of the

temperature that a serious burn results.

The action of sodium on w^ater.—Though sodium is heavier

than naphtha it is lighter than water. Consequently when a

piece of sodium is put upon water it floats. As soon as it

touches the watei', however irregular its shape, the piece of

sodium soon becomes quite round and darts about from one
place to another, spinning round the whole time. All the while

it gets smaller and smaller, and just before its disappearance

there is often a little explosion and small pieces of sodium are

scattered in every direction. The greatest care must be taken

that none of these tiny fragments hit the face.

If, as the little ball of sodium is careering about the surface

of the water, a lighted taper is brought near it, it seems to catch

on fire and burn with a golden yellow flame. It is, however,

not really the sodium which is burning, but the inflammable gas

which it sets free from the water as it travels from place to

place. If the sodium is kept in one place on the surface of the

water, as shown in Fig, 5, not so much heat is lost to the

water, and the sodium reaches a temperature high enough to

set fire to the gas which it drives out of the water. The golden

yellow colour of the flame is due to particles of sodium mixed
with the gas. The gas itself burns with an almost colourless

flame. Can we collect this gas which sodium turns out of the

water and examine it ?

How to collect the gas which sodium turns out of water.— If a

piece of sodium is put into a small length of lead piping, and

the ends of the piping be nearly closed by hammering, then

when the piece of lead is dropped in the water the sodium, too,

will go to the bottom. Instead of the piece of lead piping, a

weighted roll of wire gauze may be used. As soon as the

sodium enters the water, bubbles of gas begin to appear. These

can easily be collected by holding an inverted test-tube full of

water over the piece of lead piping. In this way tubes can be

filled with the gas which sodium turns out of the water.
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The gas which sodium turns out of water will burn.—When
one of the tulles which has been filled with the gas which

sodium turns out of the' water is treated in the way already

described, that is, is covered with the thumb of the left hand
before it is hfted out of the water, and while still held mouth
downward a lighted taper, held in the right hand, is brought

near to its mouth the gas burns with an almost colourless flame

on removing the thumb. It seems to be the same sort of gas

as was got from steam by the action of heated iron ; it really

is so.

The water into which the sodium is put undergoes a change.—
When a piece of reddened litmus paper is put into pure water

it undergoes no change in colour. If, however, it is put into the

water upon which sodium has acted it is soon changed to a blue

colour. If some of the white powder, which sodium forms by

combining with the oxygen of the air, is dissolved in water, a

reddened litmus paper is turned blue in exactly the same way.

The two effects are the same, and as in one case it is pro-

duced by a substance formed by sodium and oxygen, it is

reasonable to suppose that in the other case the same or a

similar compound is the cause. If this is true, then when
sodium sets hydrogen free from water, it unites at the same
time with oxygen. Evidently, therefore, water must contain

both hydrogen and oxygen. The change which occurs may be

written down thus :

Before Action.

Sodium and Water.

After Action.

Hydrogen. Sodium united
WITH Oxygen.

As neither hydrogen nor oxygen were taken to begin with,

they must come from the water.

To BE Remembered.

Sodium is a soft, silvery-looking metal which readily removes oxygen

from the atmosphere or from water. It forms with the oxygen a white

powder— the rust of sodium. To prevent the formation of this rust,

sodium is usually kept in naphtha.

Sodiimi will float on water ; the floating piece darts about and

quickly becomes spherical. It drives out of water an inflamn)able gas



30 ELEMENTARY PHYSICS AND CHEMISTRY.

known as hydrogen, which by a suitable arrangement may be collected

in a tube and tested.

If a piece of reddened litmus is dipped into the water on which
sodium has floated, the paper is turned blue, showing that a change has

taken place in the water.

Exercise III.

1. After carefully examining a piece of sodium, write all you can

about it.

2. What is the action of sodium on water ? Describe this fully.

3. B}' experiments with sodium and water, what can be learnt about

the composition of the liquid ?

4. How would you show that the gas which iron turns out of water is

the same as that which sodium turns out of it ?

5. Give reasons for believing that water contains both hydrogen and

oxygen.

LESSON IV,

ACTION OF ZINC UPON ACIDS.

PRACTICAL ^VORK.

Things required.—Apparatus for preparing hydrogen, as

shown in Fig. 6. Granulated zinc. Common sulphuric

acid. Test-tubes. Pneumatic trough.

What to do.

Production of i?tflammable gas by the action of zinc upon

acid.—Select a flask, or wide-mouthed bottle, and fit it up as is

shown in Fig. 6. Be very careful that both the stopper and

the tubes fit very closely. Into the flask put enough granu-

lated zinc to cover the bottom. Pour some water upon the

zinc. Arrange the delivery tube in the trough as shown.

Pour a little sulphuric acid down the thistle-headed acid

funnel, and be cjuite sure that the end of the funnel dips

beneath the liquid in the flask. Do not collect bottles of the

gas until you are sure pure hydrogen is being given oft", which

you can find out in the following way :
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Fill a test-tube with water and invert it over the end of the

delivery tube. When it is full of gas, still holding it upside

down, take it to a tlame, which should not be near the flask

you ar^ using. Notice that there is a slight explosion. Con-

tinue this until the hydrogen burns quietly down the test-tube.

Fig. 6.—When dilute acid is poured upon granulated zinc, a gas is

given off and can be collected in bottles.

When this happens you may proceed to fill one or two

bottles. When the bottles ha\e been filled, it is better not to

remo\e them from the water until you want to use them.

Collect also a soda-water bottle half full of the gas.

Pour some dilute hydrochloric acid (spirits of salt) upon

some pieces of zinc in a test-tube. As before satisfy yourself

that hydrogen is given oft".

Caution.

—

Be careful not to bring a light near the thistle

funnel, or tube delivering the gas, even when the action in the

flask seems to have ceased or a dangerous explosion may occur.

Be careful also that none of the acid used gets upon yourfi7tgers

or clothins^.

REASONS AND RESULTS.

Larger quantities of hydrogen are wanted with which to

study its properties.—The gas which collects when steam is

passed o\ er red-hot iron comes off slowly, and it takes a long

time to collect a sufficient amount of it to enable its properties

to be easily examined. It would take too long to obtain bottles

full of hydrogen by acting upon water with small pieces of

sodium. When larger quantities of hydrogen are wanted quickly,
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use is made of a method which has been aheady learnt. It has

been seen in an early lesson in the First Stage of this course of

study that when dilute sulphuric acid is poured upon pieces of

zinc, the zinc gradually dissolves in the acid ; at the same
time bubbles of a gas which burns, and is hydrogen, are given

off" very rapidly. This method of making the gas is generally

made use of when enough hydrogen is required to examine its

chief properties.

Granulated zinc.—In this experiment zinc, in the form of little

lumps, is used. In this condition it is called granulated zinc.

Strips and cuttings of ordinary zinc are first melted over a fire

in an iron ladle, and the liquid zinc is slowly poured from a

height of two or three feet, into a bucket of cold water. On
coming into contact with the water the zinc solidifies in little

lumps. Some of the impurities are left in the ladle, and some
float on the top of the water.

Plan of the experiment.—A flask, or wide-mouthed bottle, is

fitted up as shown in Fig. 6. The india-rubber stopper or

cork with two holes through it must fit very closely. The
thistle-headed acid funnel and the delivery tube, too, must pass

tightly through the holes in the cork, for hydrogen at once finds

out any leak, however small. Enough granulated zinc to cover

the bottom of the bottle is put into it, and is covered with water.

The end of the acid funnel must dip below the water when the

cork is put into the neck of the bottle, or the hydrogen may
escape by its means.

How to be sure there is no leak.—A good way to be quite

sure there is no leak in the apparatus is as follows : When it is

arranged as just described, the delivery tube is dipped below the

water in the trough, and the bottle or flask clasped with both

hands. The warmth of the hands causes the air in the flask to

expand, and, if there is no leak, some of the air bubbles through

the water in the trough. If, on the other hand, there is a leak,

some of the air escapes through that, and there are no bubbles

through the water in the trough.

Preparation of hydrogen by means of sulphuric acid and

zinc.—Let it be supposed that no leak has been discovered.

The apparatus is now quite ready for use. As soon as the sul-

phuric acid is poured down the acid funnel, hydrogen begins to

come off. Before pouring it in, therefore, there must be some-

thing ready for collecting the gas. Some bottles are filled with
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water and inverted in the trough of water. A small amount of

sulphuric acid is then poured down the funnel and the gas at once

starts coming off, but noneof it must be collected until the hydro-

gen is quite pure. You have seen that this can be found out by

filling a test-tube, over the water in the trough, with the gas in

the usual way. To begin with, a slight explosion occurs when the

test-tube of gas is held near a flame. But after several test-tubes

full have been collected and tested in the same way it will be

found that the gas burns quietly down the tube. When this

happens, one or two bottles may be filled with the hydrogen in

the same way.

Use of an acid funnel.— It is sometimes noticed that the

bubbles of hydrogen come off very slowly before all the bottles

have been filled with the gas. This is often because all the acid

has been used up. When this occurs a little more sulphuric

acid is poured down the acid funnel, and the hydrogen is again

given off briskly. This is the reason for using an acid funnel.

It prevents the necessity of taking out the cork from the bottle

containing the zinc, and so admitting more air.

Hydrochloric could be substituted for sulphuric acid.—Hydro-

chloric or muriatic acid is sometimes used instead of sulphuric

acid in preparing hydrogen. The same olan as is described in

this lesson is adopted. A different substance is left behind in

the flask, but this will be described in a later lesson.

To BE Remembered.

"When steam is passed over red-hot iron, the iron becomes rusty,

taking oxygen from the steam, and a gas called hydrogen is given off.

Larger quantities of hydrogen gas may be prepared by the action of

zinc upon dilute sulphuric acid.

When preparing hydrogen by the latter method, note :

(a) Granulated zinc should be used.

{b) The apparatus must be air-tight.

(c) A light must not be brought near the apparatus.

(d) The gas should not be collected for experiment until a test-tube of

it burns quietly down the tube.

Hydrogen gas may be also prepared by pouring dilute hydrochloric

acid on zinc.

A mixture of hydrogen and air is explosive.

HI. C
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Exercise IV.

1. Describe a method of preparing hydrogen by means of zinc and

sulphuric aciil.

2. How would you find out whether the hydrogen obtained by the

above method was mixed with air?

3. Give reasons why, in preparing hydrogen by means of zinc and

sulphuric acid : (a) The bottom of the thistle funnel must be under

water
; {6) The apparatus must be air-tight.

4. Ha^ing fitted up the apparatus for preparing hydrogen from zinc,

how would you test whether it was air-tight or not ?

LESSON V.

PROPERTIES OF HYDROGEN.

PRACTICAL WORK.

Thing's required.—Apparatus as in last lesson for preparing

hydrogen. Jars or bottles for collecting the gas. Taper on

wire. Pneumatic trough. Strong egg-shaped soda-water bottle.

Caution ! Never bring a light tiear an apparatus in which

hydrogen is being produced.

What to do.

Physical properties of hydrogen.— Observe as many pro-

perties of hydrogen as you can by examining one of the

bottles full of the gas. Notice it is colourless and has no

taste.

Pure hydrogen has no smell, but the gas when prepared

from ordinary sulphuric acid and zinc has a slightly disagree-

able smell. This is due to the presence of small quantities of

another gas. This impurity may, however, be removed by

passing the gas, before collecting it as described in the last

lesson, through a bottle arranged as in A, Fig. 7, containing

a little Condy's fluid.

[The jars, or bottles, when taken from the trough, must be

held mouth downwards as shown in Fig. 9].

Hydroi^cn burns.—Test one jar of the gas by means of a

lighted match or taper as in Fig. 9. Observe that the gas
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burns around the mouth of the jar, but that the flame of the

taper is extinguished, but when taken out it agam becomes

aH-ht on passing through the flame of the burning hydrogen.

Fig. 7.—How to purify hydrogen before collecting it. The jar A contains

a little Condy's fluid.

Hydrogen is lighter than cz^V.—Take a jar or c)linder A
(Fig. 8), containing air only, and hold it mouth downwards in one

hand. Take another jar or cylinder, filled with hydrogen, in

Air

Fio. 8.—Pouring a gas upwards.

The hydrogen from B passes up
into A, and the air from A is

driven out.

Fig. q.—The hydrogen burns at

the mouth of the bottle, but the

flame of the taper is extinguished

when inside the bottle of hydrogen.

the other hand, and bring it mouth downwards by the side of

the first, then gradually bring it into position B. Now put the
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lower cylinder down, and apply a lighted taper to each jar.

Show, by applying a light, that the jar which contained air

now contains hydrogen, which passed upwards from B.

Soap-bubble balloons.—Make some strong soap solution by

shredding some good soap into warm water ^ ; add a few drops

of glycerine. By means of a piece of india-rubber tubing

attach a common clay tobacco pipe to the hydrogen appa-

ratus (Fig. lo). When the gas is coming off slowly put the pipe

Fig. io.—Blowing soap-bubbles with hydrogen.

mouth downwards into some of the soap solution. As soon

as a bubble forms hold the pipe mouth upwards. As the

bubble increases in size a slight jerk will detach it, and it

rapidly rises. Why is this ?

Explosion of a niixture of Jiydrogen and air.—Take a strong

soda-water bottle (egg-shaped), and half fill it with hydrogen,

as described in Lesson \\ . Wrap your hand well in a duster

and with it hold the boah firmly. Take the bottle out of the

water so that the water in it runs out. The bottle is now
filled with a mixture of air and hydrogen. Apply a light and

you will not fail to observe that an explosion results.

Theflame of burning hydrogen.—Fit a straight-pointed tube

drawn out to a point to a hydrogen generator, as shown in

Fig. II. After pouring a little sulphuric acid down the

thistle funnel, collect a test-tube of the gas issuing from the

straight tube, and hold the mouth of the test-tube near a

1 This should be made a day or two before required.
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flame, which must be a few feet aivay from the generator.

The gas will at first go off with a pop, or

burn with a squeaking noise, but after

two or three trials it will burn quietly,

with a blue flame. Whenyou can carry

this flame of burning hydrogen to the

apparatus from which the gas is being

produced, do so, arid use it to igtiite the

gas escaping from the pointed tube. If

you remember always to do this, there

can be no danger, for when you are able

to carry a flame of hydrogen in a test-

tube of the gas, for a distance of two or

three feet to the generating apparatus,

you may be sure that the hydrogen

issuing from the apparatus is not mixed

with air.

Light the hydrogen in this way.

Observe that it burns with a pale

blue flame, which after a time becomes

yellow. This coloration is due to the

glass becoming hot, and some of the

substances in it being burnt in the flame

of hydrogen.

Fig. II.—Arrangement
for obtaining a flame of
hydrogen.

REASONS AND RESULTS.

Physical properties of hydrogen.—Hydrogen is a gas which

possesses no colour, no taste, and no smell. It is very much
lighter than air. For this reason soap-bubbles, or balloons

filled with it, rise in the air when free to move. It has been

found by many carefully performed experiments that hydrogen

is the lightest substance known. The mass of a unit volume,

or litre, of hydrogen is consequently taken as the standard with

which chemists compare the densities of other gases.

One litre of hydrogen at a temperature of o" C, and under

the ordinary pressure of the air, which pressure is equal to

the weight of a column of mercury 76 centimetres long, has

a mass of very nearly nine-hundredths of a gram ; more
exactly, the number is 0*0896 gram. It would require just

over 1 1 litres of hydrogen to weigh one gram. A litre

of air under the same conditions would weigh 1*3 grams



38 ELEMENTARY PHYSICS AND CHEMISTRY.

nearly, and you will remember that a litre of water at o° C.

weighs a little less than looo grams.

You will have no difificulty in understanding that to find the

density of any gas compared with hydrogen as a standard, all

that it is necessary to do is first to find the mass of a given

volume of hydrogen, and then that of an equal volume of the

other gas. But, of course, the temperature at which the ex-

30 IN Tllf/ _^
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Fig. 12.—Comparative masses of air, hydrogen, and water.

periment is made, and the pressure of the air at the time,

should be the same in the two cases ; if they are not, allowance

has to be made for the difference.

Hydrogen will burn, but it will not allow things to burn in it.—
When a lighted match is brouglit to the end of a delivery tube,

from which pure hydrogen is issuing, the gas catches on fire

and continues to burn with a flame which is at first almost

colourless, but very soon changes to a bright golden yellow

colour, which is due to the sodium contained in the glass.

Hydrogen is therefore said to be combustible.

If a jar of hydrogen is held with its mouth downwards, and a

lighted match (or a piece of taper) fixed to the end of a wire is

pushed up into the jar, the h)'drogen, as in other cases, catches

on fire and continues to burn at the mouth of the jar ; but the

flame of the match or taper is put out, showing that things will

not burn when surrounded by hydrogen gas. If the match or

taper is slowly drawn out of the jar it will be again ignited as it

passes through the hydrogen flame at the mouth of the jar.
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Thus, though h\drogen is a combustible gas, it will not support

combustion in ordinary circumstances.

Hydrogen being lighter than air can be poured upwards. —
When you wish to pour water from one vessel to another )ou

know very well tliat the vessel iitto w/iic/i water is to be poured is

placed below, and the vesse\/ro7/! wJtich the water is to be poured

is placed above and tilted. This is because water is heavier,

bulk for bulk, than air. Similarly, if it were required to pour a

gas considerably heavier than air from one vessel to another,

like the gas which is produced when carbon is burnt in oxygen,

you would proceed in just the same wa}' as with water. Since,

however, hydrogen is much lighter than air, the order of things

must be exactly reversed. The vessel in(o which hydrogen is to

be poured must be placed above

and be inverted, while the vessel

from which the gas is to be

poured must be below and held

with its mouth upwards. This

method of pouring hydrogen

from one jar to another is

shown in Fig. 8 and is always

used when it is required to pour

a gas lighter than air from one

vessel to another.

These facts provide another

way of collecting the hydrogen

prepared as described in the

last lesson. A trough of water

need not be used at all, but the

so-called empty jar, that is, the

one really full of air, is arranged as shown in Fig. 13 when the

hydrogen streams upwards and displaces the air. This plan is

called collecting the hydrogen by upward displacement.

Hydrogen is a neutral gas.—Neither blue nor red litmus paper

undergoes any change in colour if moistened and plunged into

hydrogen gas. Substances which redden blue litmus paper you
have learnt to call acid substances. Those which turn a red

litmus back to its original blue colour are spoken of as having an

alkaline reaction. Gases and other things, which, like hydrogen,

cause neither of these changes are always referred to as being

neutral.

Fig. 13.— Collection of hydrogen by
displacement of air.
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Sometimes when hydrogen is prepared by means of zinc and
hydrochloric acid, a httle of the latter comes over with the

hydrogen, so that the gas may appear to be acid. It may be
freed from this acid by passing it through water.

To BE Remembered.

Hydrogen is a colourless, tasteless, and transparent gas. When
pure it has no smell.

It is the lightest gas known and can be poured upwards from one
vessel to another.

It burns in the air, but burning substances put into it are extinguished.

If hydrogen be mixed with air, an explosive mixture is formed.

A litre of hydrogen, weighed at a temperature of o° C, and when
the pressure of the air will support a column of mercury 76 centimetres

long, is found to have a mass of 0-0896 gram. The density of all other

gases is measured by comparing the mass of a litre of these gases with

the mass of a litre of hydrogen.

Exercise V.

1. The density of oxygen gas is 16 ; what do you understand by this?

What would a litre of this gas weigh ?

2. Describe some experiments which show that hydrogen is lighter

than air.

3. How would you show :

(a) That hydrogen will burn.

{d) That hydrogen will not support combustion.

4. Make a list of the physical properties of hydrogen gas.

5. Describe exactly how you would proceed to pour hydrogen gas

from one jar into another.

LESSON VI.

THE BURNING OF HYDROGEN.

PRACTICAL WORK.

Things required.—Apparatus for preparing dry hydrogen as

shown in Fig. 14. Stoppered retort, and stand with piece of

india-rubber tubing. Calcium chloride. Evaporating basin.



THE BURNING OF HYDROGEN. 41

Laboratory burner. Thermometer. Litmus. 2-oz. flask and

cork. Granulated zinc. 500 cc. flask. Dilute sulphuric acid.

What to do.

Liquid formed by bjirtiing hydrogen.— t^wsxi%& a flask or

bottle, as before, for the production of hydrogen. Pass the gas

through a tube containing chloride of calcium in order to

dry it thoroughly. Fill a test-tube with the gas as already

described, and when the gas will burn, use the flame to ignite

the gas issuing from the tube and allow it to burn under a

WATER SUPPLY

Fig. 14.—Hydrogen is being produced in the bottle, dried in the U-tube,

and burnt as shown. The water produced is cooled by the retort and
collected in the beaker below.

retort, which is kept cool by a stream of water flowing in

where the stopper is generally put, and out at the end of the

neck. Observe the formation, on the outside of the retort, of

a clear liquid which collects and drops into a clean evapor-

ating basin placed to receive it (Fig. 14).

In this way obtain sufficient of the liquid to enable its

properties to be examined. Much time is saved if a

number of pupils all work at the same e.xperiment, and the

liquid formed by each of the hydrogen flames is added

together.

Nature of liquidfor))ied by burning hydrogen.—As already

learnt, proceed to find the boiling point, freezing point, and

density of the liquid formed when hydrogen burns in the

air. The boiling point is found to be 100° C, the freezing
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point o° C, and the density i. The Hquid is consequently

pure water.

Evaporate some of the hquid in a basin, and notice that no

residue is left.

Test some of the hquid with litmus paper. Observe that it

is neutral.

Hydrogc7i on biernifig takes oxygen out of the air'^.—Select

a wide-necked flask a of about 500 c.r. capacity (Fig. 15).

Fill the trough or a bucket with war.n water. Place some
granulated zinc in the 2-oz. flask

^, and add dilute sulphuric acid.

Hydrogen is rapidly given off

Close the small flask with a cork

provided with a short upright

tube f, which has been drawn out

in the flame of a laboratory

burner. When all the air has

been driven out of the small

flask, which you can find out by

collecting a test-tube full by up-

ward displacement, light the

hydrogen at the end of the

drawn-out tube. Hold the flask

b in the water, with the flame

just above the surface, and invert

the flask a over the flame, so that

its mouth is under the water.

Release the flask b and it will

take the position shown. The
flame becomes smaller and

smaller. As soon as it goes out,

remove flask b by lowering it in the water. Observe the

loater has risen in the flask a, showing that some of the air

has disappeared. Cool the flask a by sprinkling water on it

and close its mouth by a cork under water. Now remove a,

and by means of a measuring jar, compare the amount of

water in the flask with that which it holds when full. It will

be found to be one-fifth.

1 .Adapted from Perkin & Lean's Intivdiic/ion to the Study of Chemistry

(Macniillan), p. 218.

Fig. 15.— Hydrogen is being pro-

duced in the fl.nsk h. and is burning
at c. 0.xygen is used up from the

flask a, and water rises to take its

place.
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REASONS AND RESULTS.

The burning of hydrogen.—You have aheady learnt that

hydrogen burns in the air. Several questions will occur to )ou,

such as, What chemical changes occur when hydrogen burns ?

Can an experiment be arranged so that the new substance

formed may be collected and examined ? and others, which may
now be answered.

When an apparatus is arranged as in Fig. 14 so that a

hydrogen flame burns near a surface which is kept cold, it is

found that a liquid is continuously formed which, as the experi-

ment proceeds, collects drop by drop in a basin put to catch it.

Since this liquid is formed by the burning of a perfectly dry gas,

we know it must be a substance which hydrogen forms with some-

thing out of the air. The hydrogen, you know, must be dry as

it was first passed through the tube e containing lumps of calcium

chloride, a substance which has the power of quickly absorbing

m.oisture.

The liquid formed as hydrogen burns is water.—When the

liquid which collects in the experiment referred to in the last

paragraph is examined, it is found to have all the properties of

pure water. Thus, its boiling point is 100° C, its freezing point

o" C, and its density is i ; when evaporated to dryness no

residue is left behind, and it does not change the colour of a

litmus paper used for testing it.

These, as you know, are all characteristics of pure water, and

it is therefore quite certain that the liquid which is formed as

hydrogen burns is water. Moreover, since in all cases which

have been thus far examined, when a substance burns it com-

bines with the oxygen of the air, we are led to suppose that the

hydrogen in burning does the same, that is, it combines with

the oxygen of the air to form water.

Hydrogen in burning uses up one-fifth of the air.—When
hydrogen burns in an enclosed quantity of air over water, it is

found that after a time the flame goes out, and the water rises in

the vessel in which the air was enclosed to take the place of that

part of the air with which the hydrogen combines. If the

amount of water which entered the flask in this way is measured,

it tells the amount of oxygen in the air in the flask. By filling

the flask with water and measuring it, the volume of air the

whole flask holds can be found. On comparing the amount of
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water which rises into the vessel with the capacity of the vessel,

it is found to be one -fifth.

This proves that hydrogen, like other combustible substances,

combines with the active part of the air when it burns, and

you see that the conclusion arrived at in the last paragraph

was quite correct.

Hydrogen and oxygen will not combine at ordinary tempera-

tures.— If no light is near, hydrogen gas may escape into the

air without any danger, and with no accompanying chemical

change. This shows that the two gases, hydrogen and oxygen,

do not combine at ordinary temperatures. If they did so unite,

every bubble of hydrogen which came into contact with the air

would catch on fire, and form a small quantity of water by com-

bining with the oxygen of the air. The same facts are noticed

when hydrogen and air are mixed in a soda-water bottle. The
gases do not affect one another, but when a flame is brought

near to the mixture, combination at once takes place, and a loud

explosion is heard. The heat of the flame raises the temperature

high enough to cause the two gases to combine.

The flame of burning hydrogen is intensely hot.—When
hydrogen in burning combines with oxygen to form water,

Fig. i6.—Hydrogen passes through one of the tubes, and air or oxygen
through the other. The flame of the hydrogen uniting with the oxygen
is so hot that the ball of hme is made incandescent.

much heat is produced. The consequence is that the hydrogen

flame is intensely hot, very much more so than an ordinary gas

flame. When it is required to take full advantage of this heat it

is customary to make the hydrogen come into contact and com-

bine with pure oxygen, and not with air, which only contains

one-fifth oxygen. The apparatus used for this purpose is called

the oxyhydrogen blowpipe, and is an arrangement to allow the
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burning to take place easily, but to prevent the mixing of the

two gases to form an explosive mixture. The oxyhydrogen

blowpipe is sometimes used to melt platinum, a metal which

requires a very high temperature before it will assume the

liquid condition.

The lime-light.—When lime is made hot, it becomes intensely

bright but does not burn. This fact is made use of in many
magic-lanterns. The flame of an oxyhydrogen blowpipe is made
to strike against a cylinder of lime as shown in Fig. 16,

which, becoming very hot, gives out an intensely bright light

called the lime-light, with which most boys and girls are quite

familiar.

To BE Remembered.

When dry hydrogen burns in air it unites with oxygen to form
water.—By a suitable arrangement some of the liquid so formed may be

collected for examination.

When hydrogen is burnt in a limited quantity of air the volume of

the air diminishes by one-fifth, the hydrogen taking the oxygen from the

air and combining with it forms water. \^Tlen the hydrogen flame is

burning in the air, it gradually diminishes as the oxygen in the air

unites with the hydrogen, and at last goes out when the whole of the

oxygen has been removed.

Hydrogen and oxygen will not unite at ordinary temperatures, but

the temperature of an ordinary flame will cause them to do so. As the

gases unite, an extremely high temperature is produced, the heat being

intense enough to melt metals upon which an ordinary furnace would

have no effect.

The great heat is made use of in producing the oxyhydrogen lime-

light, a piece of lime being made so hot as to give out a brilliant light.

Exercise VI.

1. How would you prove that when hydrogen unites with oxygen,

water is formed ?

2. Describe an experiment with hydrogen to prove that oxygen makes

up one-fifth of the air.

3. When hydrogen escapes into the air, why does it not combine with

the oxygen in it ? What happens when hydrogen unites with oxygen ?

4. In what respects is the burning of a flame of hydrogen gas like, or

unlike, the burning of a candle ?

5. Water can be produced from two gases. What are the gases, and

how could you produce water from them ?

6. How is the light of the lime-light (frequently used in magic-

lanterns) obtained ?
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LESSON VII.

THE ACTION OF HYDROGEN ON TvIETAL RUSTS.

PRACTICAL WORK.

Things required.—Apparatus as shown in Fig. 17. Black

oxide of copper. Sulphuric acid. Zinc. U-tube and calcium

chloride. Balance. Box of weights. Calcium chloride.

What to do.

Action of hydrogen on heated copper oxide.—Arrange an

apparatus like that shown in Fig. 1 7 in which a flask A for

the making of hydrogen is connected with the bottle B con-

taining strong sulphuric acid. The passage of the hydrogen

STRONG
SULPHURIC ACID

Fig. 17.—When hydrogen is passed over hot oxide of copper, it ex-

tracts the oxygen to form water, and leaves copper behind.

through the strong acid completely dries the gas. A small

amount of the black oxide of copper is placed in the hard

glass tube AC which is about v^ centimetres in diameter, and

fitted with the tube D in the manner shown. When you are

sure that pure dry hydrogen is escaping from the open end of

D, heat the oxide of copper in the tulse by means of the

burner E. In a few minutes moisture will be seen to collect

in the tube D, and presently to drop into the dish put to

collect 't.
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Examine the residue in the hard glass tube, and note its

change to a reddish colour, due to the presence of copper.

Rearrange the appjiratus, using the U-tube G in the place

of the tube D. The U-tube G containing lumps of calcium

chloride is employed to collect the water formed.

Coinpositioft of water.—Put some copper oxide into the

tube AC and carefully weigh the tube. Similarly, the mass of

the U-tube G and its contents must also be determined by

weighing. As in the last experiment, when you are sure pure

dry hydrogen is escaping from the open end of G, heat the

copper oxide by means of the laboratory burner. Be sure

that all the water formed is collected by the U-tube. If any

condenses at the end of the hard glass tube AC, drive it over

by heating the tube at this place.

Allow the tube AC to cool. Disconnect it at A and C, and

again determine its mass and that of its contents, by weighing.

Notice the diminution in mass. Also w^eigh the U-tube again

and observe its increase in mass.

REASONS AND RESULTS.

Water is formed when hydrogen is passed over heated oxide

of copper.—When pure hydrogen, which has been dried by
passing it through some substance which very readily absorbs

moisture, such as strong sulphuric acid or calcium chloride, is

passed over heated black oxide of copper, the oxide is found to

lose in mass, giving up something to the hydrogen. With this

'something' it forms water. The oxide of copper is at the

same time changed into a reddish powder which on examination

is found to be copper.

We cannot be wrong, therefore, in supposing that the some-

thing taken out of the oxide is the active constituent of the

air which copper unites with when it changes into copper rust

or oxide. Another name for this active constituent is, as you

know, oxygen. Hence, it may be said that hydrogen in passing

over heated copper oxide takes oxygen from it, and combines
with it to form water. At the same time the copper oxide is

changed back into copper.

This experiment can teach the composition of water.—Since

you know that hydrogen takes oxygen out of heated oxide of

copper, )'ou will ha\'e no difficulty in understanding why hot
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oxide of copper becomes lighter when the gas is passed over it.

In fact, it is quite clear that the loss in mass of the oxide of copper

in this case tells exactly how much oxygen the hydrogen com-
bines with in forming water. But, as the mass of water formed

can be exactly determined, it is possible to calculate easily how
much hydrogen and how much oxygen are contained in a given

mass of water. Thus, we know the mass of water formed by the

combination of an unknown mass of hydrogen with a known
mass of oxygen, and we can make a subtraction sum to find the

mass of hydrogen.

From : Mass of water formed

Take : Mass of oxygen which is lost by the oxide of copper.

Ans : Mass of hydrogen in the mass of water formed.

An actual experiment.—Using an apparatus like that shown
in Fig. 17, the following masses were found by weighing :

Mass of U-tube after experiment, - - 36*473 grams
Mass of U -tube before experiment, - - 35 •821 grams

Mass of water produced, - - - - 0*652 gram

Mass copper oxide before experiment, - 5*562 grams
Mass copper oxide after experiment, - - 4*982 g-^ams

Mass of oxygen lost, . . . . 0*580 gram

The mass of oxygen is 0*580 gram, and that of the water pro-

duced from it is 0*652 gram ; therefore the mass of hydrogen

must be 0*652-0*580 gram, that is, 0*072 gram. Or,

Mass of water, - - - - 0*652 gram
Mass of oxygen, - - - 0*580 gram

Mass of hydrogen, •• - - 0*072 gram

How to reason from the results of the experiment.—You know
that 0*072 gram hydrogen combines with o*58o»gram of oxj'gen, or

72 grams of hydrogen combine with 580 grams of oxygen, and it

is easy to calculate by proportion how much oxygen one gram
of hydrogen combines with, thus :

I gram of hydrogen combines with 585=^ S'^'j''^ of oxygen
•^ ° yz (nearly).
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Whenever the experiment is carefully performed, the same

result is obtained. It may therefore be stated that eight-ninths

of a given mass of water consists of oxygen and one-ninth of

hydrogen, so that nine pounds of water may be regarded as

made up of eight pounds of oxygen and one pound of hydrogen.

To BE Remembered.

^^^^en hydrogen, which has been freed from moisture, is passed over

heated copper oxide, it unites with the oxygen of the oxide to form

water.

The water may be collected by passing it through a U'^^^e con-

taining calcium chloride.

The mass of the water formed is determined by finding the increase

in mass of the tube after it has absorbed the water ; and the loss in mass

which the oxide undergoes, tells the mass of oxygen in this water. By

subtracting the mass of the oxygen from the mass of the water formed,

the mass of hydrogen in the water is ascertained.

\Mien the mass of the hydrogen in water is compared with the mass

of the oxygen, it is found that the proportions are as i is to 8. Hence 9
grams of water contains 8 grams of oxygen and i gram of hydrogen.

Exercise VII.

1. IIow would you show that water is formed when dr}- hydrogen is

passed over heated copper oxide ?

2. If 10 grams of oxide of copper were given you, how would you

find out the mass of oxygen it contained ?

3. In what proportion, by mass, do hydrogen and oxygen exist in

water? How would you go to work to find this out for yourself?

4. Explain the arrangement and use of the bottle containing sulphuric

acid, through which hydrogen is passed before passing it over heated

copper oxide, in an experiment to form water.

5. In the arrangement in Fig. 17, diy hydrogen is passed overheated

copper oxide, and yet water is absorbed by the calcium chloride tube.

How is this ?
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LESSON VIII.

NATURAL WATERS.

PRACTICAL \YORK.

Things required.—Graduated vessel to hold 250 c.c. of water.

Samples of rain, tap, and sea water. Evaporating basins.

Laboratory burner, sand-bath, tripod or retort stand. Balance

and weights. Gallon measure. Carbonate of lime. Common
salt.

What to do.

Evaporation of different natural "waters.—Measure out 250

c.c. (that is J litre) of clear rain water, tap water, and sea

water, into evaporating basins, the masses of which have been

determined by weighing. Evaporate to dryness in each case

on a sandbath, taking care to lose no liquid by spurting.

\Vhen the evaporation is complete and the residue (if any)

left behind is dry, allow the basins to cool, and again weigh.

The increase in mass of each basin represents the amount
of dissolved material in equal volumes of each of the kinds

of natural water.

Purificatioi of Tvater by distillation.— Distil some tap water

and sea water as in Lesson II., Second Stage. Observe that

in both cases pure, or distilled water, is obtained.

Amounts of solids dissolved in natural waters.—Measure

out I gallon of tap water (10 lbs.). Weigh out upon separate

filter papers 3 grains and 23^^ grains respectively of carbonate

of lime or common whiting. These masses will give you

some idea as to the amount of solid matter which would be

obtained if i gallon of Dee water and i gallon of Thames
water respectively were evaporated to dryness. Remember,

however, that the residue would not be all carbonate of

lime.

Weigh out about 5| ozs. of common salt. This represents

the mass of solid matter in one gallon of sea water. The
solid matter in sea water is, however, not all common salt.
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REASONS AND RESULTS.

Natural waters.—Pure water does not occur naturally on the

earth. This is because of the great solvent power which you

have learnt water possesses. At the moment rain is formed it

consists of pure water, being really distilled water which is

formed in just the same way as when this liquid is prepared

in the laboratory by the condensation of steam. The heat of the

siin converts the water from lakes, rivers, seas, and other bodies

of water, into vapour, which in the higher or colder parts of

the atmosphere is cooled ai;d again forms water. Yet no sooner

is the rain formed than it begins to dissolve various substances.

In its passage through the air it takes up vaiying amounts of

the gases which make up the atmosphere, such as oxygen and
the gas called carbon dioxide, which is formed whenever carbon

combines with oxygen, either in burning or breathing. When
the surface of the earth is reached, the water dissolves portions

of all the soluble ingredients out of the soil and the underlying

rocks. The most soluble bodies are, of course, dissolved to the

greatest extent. It will be seen later that the solvent power oi

water is considerably increased by the presence of the carbon

dioxide it dissolves, partly from the air and partly from the soil.

Spring or tap water.—Spring and tap water are very often the

same liquid. Tap water simply means that which is supplied to

our houses from the large iron pipe or water main which is

buried in the road. As you know very well, the water from the

reservoir, which the main contains, is often spring water which

has been brought from a distance. Its dissolved substances

have not been removed from it, though its suspended impurities

have generally been got rid of by filtering. This filtering, which

has to be done on a very large scale, often takes place through

beds of sand.

When the properties of, and dissolved substances in, tap

water are examined, therefore, a knowledge of spring water

is obtainecl. The amount of residue left in the basin when tap

water is evapoi-ated depends upon where the water was brought

from. Some tap water, such as that which has been drawn
from a chalk country, like parts of Kent, Sussex, and Hampshire,

contains a lot of dissolved solids ; while that of Manchester, for

example, which comes from the Lake district, where the rocks are

hard and only dissolved with difficulty, leaves very little residue
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SOLIDS IN

DEE WATER. 3 GRAINS

when evaporated. Though, as you will learn more fully in your

next lesson, tap water which contains a small amount only of

dissolved material is the best for washing purposes, the

dissolved substances in other specimens of tap water are by

no means injurious to health when used to drink. On the

contrary they are often beneficial ; it is said that water which

contains no chalk dissolved in it is not good for children be-

cause they require this substance in considerable quantities to

build up their bones.

Sea water. —As every boy and girl knows, sea water is often

called salt water. The water of the ocean contains sufficient

dissolved matter in it to make
ONE GALLON OF PURE \y tasfp whilp in c;nrincr rain

V/ATER WEIGHS 70.000 GRAINS ^^ ^^^'^.^' '''^'^'^ '" sprmg, ram,

and river water the quantity

is so small that the water is

tasteless ; for this reason the

water of springs and rivers is

often called fresh water.

Streams and rivers are con-

tinually flowing into the sea

and carrying into it the sub-

stances they have dissolved

out of the land. Evaporation

is unceasingly going on from

the surface of the ocean,

robbing it of pure water in

the form of water vapour,

with the result that there is

an accumulation of soluble

material in the water which

is left. It would consequently

seem at first as if the sea

must everyday become Salter.

This is certainly not the case.

It would be so if it were not for the animals and plants which

live in the ocean and extract from the water some of its dissolved

material to build up their solid parts.

Amount of dissolved material in different kinds of water.—The

mass of a gallon of pure water is 70,000 grains, that is, 10 lbs.

avoirdupois. It has been found by careful experiment that a

gallon of water from the Dee, near Aberdeen, which flows

SOLIDS IN

THAMES WATER, 235 GRAINS

SOLIDS IN

SEA WATER,
2450 GRAINS

Fig. 18.—Comparative masses of a gallon

of pure water, and of the solids found in

this quantity of river and sea waters.
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over a granite country, only contains three grains of dissolved

salts.

The amount dissolved in the same quantity of Thames water,

at London Bridge, is about twenty-three and a half (23^) grains.

The amount of dissolved material in sea water is very much
greater. The actual quantity varies a Httle, depending upon

where the specimen of sea water examined is obtained. A good

average result is as follows. A gallon of sea water contains

about 2450 grains of soluble matter. Put in another way it can

Fig. 19.—Salt is sometimes obtained by evaporating sea water in shallow pits.

be said that one hundred pounds of sea water contain three and

a half pounds of dissolved substances. In some places the

common salt and other dissolved salts in sea water are obtained

by evaporating the water in shallow pits, as shown in Fig. 19.

To BE Remembered.

Rain water is water which has been naturally distilled and is there-

fore free from dissolved matter.

In its passage through the air rain water takes up carbon dioxide, and

this aids it in dissolving solid matter from rocks and soils.

If the rocks through which the water passes contain substances which
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are easily soluble, it will contain much dissolved material ; while water

which has passed over harder rocks contains liitle dissolved matter.

Sea water contains a much Inrger amount of dissolved matter than

river or spring water ; for while rivers pour their water into it, this water

is evaporated and the dissolved solids remain behind.

Plants and animals are continually removing dissolved matter from

sea water.

A gallon of pure water weighs 70,000 grains. A gallon of filtered Dee
water co.itains only 3 grains of dissolved matter in it. A gallon of

filtered Thames water contains 23^ grains, and a gallon of filtered sea

water 2450 grains (55 ozs. nearly).

Exercise VIII.

1. Spring and river waters are not pure. Describe carefully how you

would prove this, and say how you would estimate the quantity of dis-

solved matter in a gallon of each.

2. Sea water has a disagreeable taste, why is this ? How do you

account for the facts that : {a) All the rivers run into the sea, yet the

sea is not full. (/') The amount of dissolved matter in sea water does

not increase.

3. How would you proceed to show that : {a) Rain water is free from

dissolved solids, (d) Sea water contains very much dissolved matter.

4. A ship which floats up to a certain mark in river-water is found to

float more out of water when at sea. How can you account for this ?

5. Few rivers enter the Mediterranean, but the water evaporates

abundantly. Would you expect the Mediterranean to be more or less

salt than sea water generally?

LESSON IX.

CHALK AND THE ACTION OF HEAT UPON IT.

PRACTICAL WORK.

Things required.—Pieces of chalk, marble, shells, limestone,

and calcite. Qtiicklime. Laboratory burner. Piece of plati-

num foil. Crucible tongs. Red litmus paper.

What to do.

Physical characters of chalk.—Examine a piece of chalk

(commtjn whiting will do). Remember that much of the
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prepared material used for writing on the blackboard is not

chalk. Notice that chalk is white and soft.

Try to dissolve it in distilled water. Observe that it is

insoluble.

Put a little powdered chalk on a damp red litmus paper,

and notice there is no change in colour.

Change prodticed by heaiing clialk. — V\^.Q.& a little powdered

chalk on a piece of platinum foil' and heat it strongly for

some minutes in the flame of a laboratory burner. After

heating, shake the powder on to a damp red litmus paper.

Observe that the red litmus paper is in places changed to a

blue colour.

Powder obtaitted by heating chalk.—Shake up in drinking

water some of the powder obtained in the last experiment by

heating chalk on platinum foil. Filter, or allow it to settle,

then taste ; notice the peculiar taste of lime-water.

Perform a similar experiment with chalk in drinking water.

Filter and taste the water ; it is almost tasteless.

Action of quicklime 071 litmus.—Put a little fresh quicklime

upon a damp red litmus paper, and again observe the change

of colour to blue.

Effect of heating various chalk-like substances.—Tr}- the

effect of heating fragments of oyster shell, calcite, limestone,

and marble. They appear to undergo a similar change to

the chalk, since the residue in every case turns red litmus

paper blue.

REASONS AND RESULTS.

Chalk.—Many valuable facts can be ascertained by a careful

study of chalk. This substance occurs naturally in very large

cjuantities in different parts of the earth. It builds up many
hills, such as, for e.xample, those in England which are known
as the North and South Downs, and is the substance of which

many of the pieces of land jutting out into the sea are formed.

The Needles in the Isle of Wight, Beachy Head in Sussex

and Flamborough Head in Yorkshire are all of them largely

built of chalk.

1 If platinum foil is not at hand, heat a hinip of chalk (not blackboard
chalk) on a piece of coarse wire sjauze for some time. Or, powdered whiting
may be heated on a piece of thin tinplate. The latter is, however, a long
process.
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You must be on your guard in examining the properties of

chalk not to suppose that all the white solids used for writing

on blackboards are composed of chalk. While some of these

are certainly made of chalk, many of them contain none of it.

Real chalk is a white, soft substance which will not dissolve in

distilled water.

Fig. 20.—A chalk pit near Dorking, Surrey. (From a photograph
by Dr. H. R. Mill.)

Chalk undergoes a change when heated.— It is easy to prove

by putting some powdered chalk upon a piece of moist red

litmus paper that this substance is unable to change the colour

of the paper. If, however, some powdered chalk be strongly

heated on a piece of platinum foil in a laboratory burner and

then placed on a piece of moist red litmus paper, the red colour

is changed to blue. The chalk undergoes some change when

heated, or it would not acquire this new property. But other

substances besides pure chalk are changed in a precisely similar

manner when strongly heated. Among these may be mentioned

limestone, marble, calcite or calc-spar, and shells.

The burning of limestone.—As most boys and girls know, a

substance called quicklime, or more shortly lime, is very largely

used by builders in preparing the mortar with which they bind

together the bricks, or pieces of stone, used in building. It is
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also a matter of common knowledge that this lime is prepared

by strongly heating limestone in what is called a limekiln. The
same chemical change takes place on a very large scale in the

limekiln, as occurs when a little powdered limestone, or some
precipitated chalk, is heated on platinum foil. In other words,

when chalk and limestone are strongly heated they are changed
into quicklime. The change is brought about by driving a

chemical compound, in the form of a gas, out of the limestone.

The limekiln.—Lime is used so largely by builders and also

by farmers, who use it to increase the fertility of some kinds of

land, that in every part

of the country where

either limestone or chalk

is found, an observant

traveller will be sure to

recognise limekilns in

some place or other. In

the best managed lime-

kilns the " burning " is

always going on. The
limestone or chalk is

broken into pieces of a

convenient size and to-

gether with coal, coke,

wood, or some other

kind of fuel, is thrown

into the top of the kiln.

The kiln is started by lighting a fire under the arch A (Fig. 21),

which is built of large blocks of limestone. The coke, or other

fuel with the limestone, then burns, and the limestone is thus

baked. After the rock has been kept red-hot sufficiently long to

completely change it into Hme, it is raked out from the bottom

of the kiln. The plan of putting a mixture of limestone and

fuel into the top of the kiln, and raking the quickhme out at the

bottom, is continuously kept up, and the kiln is never allowed to

get cold.

To BE Remembered.

Chalk is a very abundant substance in the earth's crust, forming a

large part of many mountains and headlands.

When chalk is strongly heated a gas is driven out of it, and the

rcmaininsr substance turns moist red litmus paper blue.

Fig. 21.—Section of a lime-kiln.
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On a large scale chalk is strongly heated with coal in a kiln, when a

gas is driven off and lime remains. The process is called lime-burning,

but the limestone does not really burn in the ordinary way.

Exercise IX.

1. A lump of lime and a piece of chalk are given you ; they are much
alike in appearance ; how would you determine which was lime ?

2. Make a list of substances which on heating are changed into lime.

3. Describe the process of lime-burning.

4. How would you obtain lime from a small piece of oyster shell ?

5. Chalk is very commonly found in drinking waters. How do you

account for this ?

LESSON X.

CHALK AND LIME COMPARED.

PRACTICAL WORK.

Things required.—Pieces of lime and chalk. Saucers. Bal-

ance and weights. Sandbath, porcelain dishes, tripod.

Laboratoiy burner. Test-tubes. Stoppered bottle. Platinum

foil \'inegar. Distilled water. Hydrochloric acid.

What to do.

Action of water on chalk and lime.—Place in one dry saucer

a lump of chalk, and in a second a lump of freshly- burnt Hme.

Sprinkle water on both lumps, and observe what happens.

There is only a slight effect in the case of the chalk, but the

,
piece of hme swells, eventually crumbles, and during the pro-

cess gets very hot.

Lime takes up water which cannot he easily driven off.
—

Place ten grams of chalk in one evaporating basin—the mass

of which is known—and in a second basin of known mass

weigh out ten grams of freshly-burnt quicklime. Add water

as in the last experiment. After sufficient time for any

changes which occur to become complete, place the basins in

sandbaths and very carefully heat them till quite dry. Deter-
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mine the mass of each basin and its contents by weighing, and
observe that the chalk has undergone no change in mass, but

the mass of the hme has considerably increased.

Chalk does not dissolve hi water.— Into a stoppered bottle

put a little powdered chalk, and half fill the bottle with distilled

water. Shake together for ten minutes or so and filter the

milky solution. Evaporate a little of the clear liquid on a

piece of platinum foil. Notice that there is very little, or no,

residue.

Lime dissolves in wafer.—Repeat the last experiment, but

substitute freshly-burnt lime for the chalk. Observe in this

case that there is a considerable residue on the piece of plati-

num foil.

Action 0/ acids on chalk.— Place a little powdered chalk in

a saucer, or evaporating basin, and add a drop or two of

vinegar (hydrochloric acid is better) to it. Notice the fizzing

which occurs.

Acids cause no fizzing with lime.—Repeat the last experi-

ment with freshly-burnt lime. There is no such fizzing. If

the lime is not freshly burnt there will be a slight effer-

vescence.

Gas produced by the action of acids on chalk.—Put some
pieces of chalk or whiting into a test-tube or test-glass

;
pour

acid upon it. When the fizzing has continued for a short

time, dip a burning match into the mouth of the tube. The
flame will be extinguished.

REASONS AND RESULTS.

Chalk and lime.—When chalk or limestone is kept at a red

heat for some time in a kiln, as described in the last lesson, a

very great change takes place in the properties of the solid after

being so treated. If the solid is carefully examined before and

after heating, and the behaviour of lime and chalk with water

and acids observed, much can be discovered about their differ-

ence in properties.

Action of water upon lime.—When water is poured upon a

little chalk a slight bubbling occurs, which is due to the escape

of air bubbles. But when poured on a lump of freshly-burnt

lime some remarkable changes occur. The lime begins to

swell, getting larger and larger, until, by and by, it crumbles
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to pieces. During these changes the lime becomes very hot.

It can often be seen to give off a quantity of steam. When-
ever a change is accompanied by this heating of the materials

concerned there is good reason to beheve that the action is

a chemical one, that is, the chemical nature of the substance

used undergoes some change. You will soon decide, for other

Fig. 22.—Different effects produced by pouring w.-iter upon chalk and lime.

reasons, that a chemical change occurs when water is poured

upon lime. If you remember this experiment, and, the next

time you get the opportunity, you watch bricklayers getting

lime ready for making mortar, you will see that when large

quantities of lime are acted upon by water, enough heat is

developed to boil the water (Fig. 23).

Lime increases in mass when acted upon by water.—A better

indication that a chemical change really takes place when water

is poured upon lime is the increase in mass which it experiences.

If quantities of chalk and lime, the masses of which are known,

are acted upon with water as just described, and, after sufficient

time has been allowed for any chemical changes which may
occur to be completed, the solids are thoroughly dried, it is

found, after again weighing, that though the mass of the chalk

has undergone no change that of the lime is very much greater.

The fact is, the lime has forrned a new chemical substance by

uniting with the water. This new compound is called slaked

lime. The process of adding water to the lime, in the manner

the bricklayers do, is called slaking it.
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Lime-water.—By shaking up some powdered chalk with

distilled water in a stoppered bottle, filtering the solution, and

evaporating some of the clear liquid on a platinum foil, it ii

easily proved that chalk will not dissolve in pure water. When,
however, a similar experiment is performed with some freshly-

burnt lime, a considerable residue is left on the platinum foil

when some of the clear liquid is evaporated. Hence, you can be

sure that lime is soluble to a certain extent in water. The
solution formed is the lime-water, which is useful for many
experiments.

Fig. 23.—Slaking lime.

Action of acids on chalk and lime.—In studying the solubility

of substances in acids (in one of the earlier lessons), you learnt

that when marble is acted upon by an acid it fizzes very much
or effervesces, as it is better called. At the same time it g-radu-

ally disappears. What is true of marble is also true of chalk.

When vinegar, which is an acid used for pickling things, is

poured upon a piece of chalk, the chalk effervesces, and during

the fizzing is dissolved. If hydrochloric acid is used instead of

vinegar the bubbling is even brisker.

When, however, freshly-burnt lime is treated in the same way

as the chalk, no bubbling is to be seen, though the lime gradu-

ally dissolves—especially if the acid is warmed.

What causes the fizzing?— If a piece of chalk is put into a

test-tube and there acted upon by an acid, the flame of a lighted

match put into the tube while the chalk is fizzing is e.xtinguished.
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There is in the tube a gas which puts out the flame, and it is the

escape of this gas which gives rise to the effervescence. So far

you have learnt to recognise two gases which extinguish a

flame, and one of these you know by the name of nitrogen.

You may think, therefore, that nitrogen is given off when chalk

and acid are brought together, but this is not true. The gas is

another gas altogether, and you will learn later how to dis-

tinguish it from nitrogen.

To BE Remembered.

When chalk is strongly heated in a kiln it is changed into

quicklime, the properties of which are unlike those of chalk, thus :

Lime.

Dissolves in water forming " lime-

water.
"

Absorbs water with great increase

in temperature, and this water

is not driven off by heating, but

combines with the lime and

produces an increase in mass.

When an acid is poured upon it

fizzing does not take place.

Chalk.

Will not dissolve in pure water.

Is only wetted by water, and on

heating, the water is again driven

off.

When an acid is poured upon it

fizzing takes place, a gas escap-

ing from the chalk.

Exercise X.

1. Describe carefully what takes place when water is poured upon a

piece of quicklime.

2. How would you prove that lime is soluble and chalk insoluble in

pure water ?

3. When water is poured upon quicklime we believe that they unite

together. What are the reasons for this belief?

4. Describe what happens when an acid is poured on limestone ; and

give reasons for the occurrence.

5. If a piece of white stony-looking material were given to you, how

would you discover whether it was chalk or lime ?
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LESSON XI.

FURTHER STUDY OF THE ACTION OF HEAT ON
CHALK.

PRACTICAL WORK.

Things required.— Platinum foil. Chalk. Laboratory burner.

Foot blowpipe, or muffle furnace if possible. Balance and

weights. Crucibles and crucible tongs.

What to do.

Effect of heating chalk.—Repeat the experiment of heating

a small amount of powdered chalk upon a piece of platinum

foil. Recall to mind what has been learnt about the change

into quicklime.

Loss of mass when chaik is heated.—\'^ery small amounts of

chalk can be completely converted into quicklime by heating

them in a porcelain crucible over a good laboratory burner.

If this is the only apparatus available, a rough quantitative

experiment is all that you will be able to accomplish.

Under these conditions find the mass of the porcelain

crucible by weighing, and then add about half a gram of

precipitated chalk. Determine the mass of the added chalk by

weighing. Heat the porcelain crucible in the flame of the

largest laboratory burner you have for about half an hour.

Allow the crucible to cool, and again determine the mass.

Heat again for another ten minutes, allow to cool, and again

weigh.

Proceed to make the following simple calculation by pro-

portion : If the mass of chalk taken, when continuously heated

for some time, loses in mass to the extent noticed, what would

100 grams lose in the same circumstances ?

Conversion of chalk into lime.—But, if possible, the heating

of chalk should be done either in the flame of a foot blow-

pipe or better still in a muffle furnace (Fig. 24). Find the

mass of your crucible by weighing ; add about 2 grams of

powdered chalk and again weigh. Heat in the muffle furnace
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at a bright red heat for an hour or so, allow it to cool, and again

weigh. As before explained, calculate the loss of mass which

ICO grams of chalk would experience if treated in the same way.

If a foot blowpipe or furnace is

not available, the crucible after being

heated for some time over a laboratory

burner, may be put upon a very clear

hot fire. It must be carefully trans-

ferred with crucible tongs, and before

the second weighing, carefully wiped

on the outside.

REASONS AND RESULTS.

Changes in mass when chalk is heated.

—

That chalk does undergo a cha' ^e when
heated you have already learnt in a

previous lesson. But by studying the

changes in mass which take place when
chalk is strongly heated several im-

portant conclusions are arrived at. To
obtain satisfactory numerical results it

is desirable to heat a fair amount of
Fig. 24. -Muffle furnace powdered chalk in a muffle furnace,

suitable for converting chalk '
.

intolime. (Made by Messrs. though a Very Small quantity of chalk
J. J. Griffin & Sons, Ltd.)

^^^ ^^ Completely converted into quick-

lime when heated in a good laboratory burner. After heating

the chalk in a crucible in a muffle furnace for about an hour

the crucible is taken out, allowed to cool again, and then

reweighed. This plan is continued until there is no further

loss of mass on reheating. A simple proportion sum will now
show how much 100 grams of chalk would lose if heated

strongly, seeing that a given mass of chalk loses the amount
noticed.

An actual experiment.—Here is the result of an experiment

carried-out in the way described.

Mass of crucible and chalk, . 17 •383 grams.

Mass of crucible alone, . 15 243 „

Therefore mass of chalk, 2' 140
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Mass of crucible and quicklime, . i6"45o grams.

Mass of crucible alone, . . . i5'243 „

Therefore mass of quicklime, . i 207 „

Loss of mass of chalk, . = 2 1 40 - i "207 = o"933 gram.

From the result thus obtained, the loss of mass of 100

grams of chalk when heated can be calculated by proportion

as follows :

2'i40 grams of chalk lose in mass when heated o'933 gram.

Therefore i gram loses in mass when heated = —-^ gram.* 2-140

And 100 grams lose in mass when heated = _z2J x 100
2'140

= ^^-^- = 436 grams.
2"I4

Percentage loss of mass of chalk when strongly heated.—
Whenever chalk or limestone—no matter from what locality

—

BEFORE BURNING AFTER BURNING

100 LBS OF CHALK " 56 LBS OF LIME

Fig. 25.—\Vhen 100 Ib^;. of chalk are heated, 56 lbs. of lime are produced.

is Strongly heated in a kiln or in a laboratory furnace, it loses

about 44 per cent, of its mass, as shown in the above experi-

ment. That is to say, loo grams, or pounds, or tons, of chalk

lose 44 grams, or pounds, or tons, in mass when strongly heated.

But as you have learnt before, this loss in mass is due to the

escape of a gas which puts out flames and which is called carbon

dioxide, so that we may say that, when loo grams of chalk are

strongly heated, 44 grams of the gas, carbon dioxide, are driven

out and 56 grams of cjuicklime are left behind,
in. E
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To BE Remembered,

When chalk is heated in a crucible over a foot blowpipe, or in a

muffle furnace, it undergoes a decrease in mass.

The exact decrease may be ascertained by first finding the mass of

the crucible, putting in some powdered chalk, and by weighing again.

The second result minus the first gives the mass of the chalk. Heat

the crucible strongly until there is no further decrease in mass. The

decrease in mass after the heating tells the loss which the chalk suffers.

100 grams of chalk on heating are found to jdeld 56 grams of

lime and a grams of a gas known as carbon dioxide.

Exercise XI.

1. Knowing that chalk consists of lime and a gas which puts out

flames, how would you set to work to find out the amount of the former

in a lump of chalk given you ?

2. A sample of chalk yielded 132 grams of quick-lime when strongly

heated ; what was the mass of the sample taken ?

3. Calculate the mass of lime and carbon dioxide respectively in a cwt.

of chalk.

4. Of what substances does chalk consist ? Give full reason for your

answer. Give the names of substances having a similar composition to

chalk.

5. Limestone is carted from a quarry to a limekiln, where it is con-

verted into lime. The limestone used, and lime produced, are weighed.

What is the result, and why ?

6. How many cwts. of lime could be obtained from 100 cuts, of

limestone if heated sufficiently in a limekiln ?

7. When limestone is strongly heated it becomes lighter. How do

you account for this ?
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LESSON XII.

ACTION OF ACIDS ON CHALK.

PRACTICAL WORK.

CottonWool

Things required.—Vinegar, sulphuric acid, hydrochloric acid.

Pieces of chalk, marble, limestone, oyster shells. Powdered

calcite or percipitated chalk. Balance and weights. Test-

tubes. Apparatus as in Fig. 26.

What to do.

T/ie gas produced by the action of add on chalk.—Place

in different test-tubes pieces of chalk, limestone, marble, and

oyster shell. Upon each of the solids

pour a little vinegar. Observe the

bubbling. After a minute or two test

the gas in each tube with a lighted

match. In e\ery case the flame is

extinguished.

Substitute, in turn, for the \ inegar

in the last experiment (i) hydro-

chloric acid, (2) dilute sulphuric

acid. Notice the same results as

before.

Loss of mass when an acid acts on

chalk.— \r\io a flask A (Fig. 26) fitted

with india-rubber stopper and tubes,

as shown, pour some dilute hydro-

chloric acid, and weigh the flask with

the contained acid. Weigh a small

test-tube B (i) empty (ii) with some

chalk in it. Place this in the flask,

taking care not to allow the acid to

reach the inside of the tube. Re-

place the cork and shake the flask

so as to allow the acid and chalk to

come in contact with one another. The gas (carbon dioxide)

formed escapes through the tube C, in which cotton-wool is

packed to prevent the escape of moisture. When the action

CkaUC

Fig. 26.—When the chalk in

B is acted upon by the acid

in A it loses 44 per cent, of its

mass.
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is at an end draw a current of air through the flask by sucking

the tube C, in order to displace the gas still left inside. Weigh
the flask again, and subtract the mass so obtained from that

of the flask + mass of tube and chalk. The resulting number
is evidently the mass of the gas evolved. Calculate the loss

of mass for loo grams of chalk

If the experiment is repeated several times, or done inde-

pendently by different students, the results obtained may
be added together and
divided by the number of

experiments, in order to

obtain an average result.

It will be found that loo

grams of chalk lose about

44 grams of gas when
acted upon by an acid.

GrapJiic representation of
the proportio7i of gas and
lime in chalk.—Construct on

paper a square, each side

of which is one decimetre

long Divide the whole

into loo square centimetres.

Shade 44 of these. The
shaded portion represents

graphically the percentage of carbon dioxide in chalk, the

unshaded portion the percentage of quicklime.
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Some limestones are black and not easily recognised by the eye.

But if, when a little acid is dropped upon them they fizz like the

chalk in a test-tube does when acid is poured on it, the geologist

can be fairly sure, even if they are black, that they are lime-

stones all the same.

Changes in mass when acids act upon chalk.— If a certain

mass of chalk or limestone is weighed, and an acid is then

allowed to act upon it until no more gas is given off, it is found

that the chalk always loses mass in a given proportion. When
100 grams of chalk are treated with enough acid to expel all the

gas which puts out a flame, the loss in mass is always 44 grams.

Now, as none of this gas is given off when acids come into con-

tact with quicklime (the substance which is left when chalk is

strongly heated), the conclusion which must be come to is that

quicklime contains none of it, and that strong heat acts in the

same way as the acid in expelling the gas. The loss of 44 grams

in mass therefoi-e tells you that 100 grams of chalk contain 44

grams of the gas which puts out flames, and called carbon

dioxide ; and the experiment of strongly heating chalk leads you

to believe the remaining 56 grams are quicklime, or that

100 grams are 56 grams 44 grams

of made up of and of

chalk of quicklime carbon dioxide.

Action of acids and of heat on chalk compared.—These results

are of such great importance that it is worth while to look at

them m another way to try to thoroughly understand them.

You have learnt that 100 grams of chalk when strongly heated

lose in mass and give 56 grams of quicklime. Also, when 100

grams of chalk are acted upon by acids there is a loss of mass

too, and 44 grams of an invisible gas, which puts out flames, are

given off, and this gas turns blue litmus red.

To prevent repetition this gas will in future be referred to by

the name chemists have given it, namely carbon dioxide.

But by adding 56 and 44 together the result is exactly 100, and

it looks as if the quickhme and carbon dioxide together make up

chalk. Since you will see in a later lesson that chalk can actually

be made from the combination of these two compounds, there

need be no room for doubt, and it may be written as a fact, that

Chalk made quicklime and
dioxide

up of
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To BE Remembered.

Chalk, limestone, marble, calcite, and oyster shells have the same

composition ; and when a dihite acid is pouied upon them they

gradually dissolve, giving off a gas which extinguishes a flame.

When chalk is treated with acid, it is found by weighing that every

loo grams lose 44 grams of carbon dioxide, but if strongly heated the

same mass yields 56 grams of quicklime. These numbers suggest

that chalk consists of 44 per cent, of carbon dioxide and 56 per

cent, of quicklime.

Exercise XII.

1. If a pebble were given to you, how could you discover whether it

was limestone or not ?

2. Powdered marble is slowly sprinkled into a beaker, the bottom of

which is covered with dilute hydrochloric acid. State carefully what

happens, proving what you say by experiment where possible.

3. Into a beaker containing dilute acid, 5 grams of whiting are

placed. Before adding the whiting the mass of the beaker and acid is

ascertained. What will be the increase in mass after the whiting has

been added and the fizzing has ceased ? Give reasons fully.

4. What happens when chalk is exposed to great heat ? Describe a

different method of obtaining one of the products.

5. How could you show that oyster shells are similar in composition

to the " fur " from a tea kettle ?

LESSON XIII.

STUDY OF THE GAS OBTAINED FROM CHALK.

PRACTICAL WORK.

Things required.—Apparatus as in Fig. 28 for the prepara-

tion of carbon dioxide. Several cylinders or jars with wide

necks for collecting the gas. Candle on a wire. Lime-water.

Marble in small pieces, or chalk. Blue litmus. Hydrochloric

acid. Apparatus shown in Fig. 31.

What to do.

Preparation of carboti dioxide.— Into a flask or bottle fitted

like that in Fig. 28, place some chalk, or better, small pieces
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of marble. Place the rleli\ery tube in a glass cylinder, or a

jar with a wide mouth. A disc of cardboard through which

the delivery tube passes rests

on the top of the jar. Pour

dilute hydrochloric acid down
the funnel. During the effer-

vescence gas is given off and

collects in the jar. When a

burning taper is extinguished

immediately it enters the jar,

take out the delivery tube and

put it into another jar. Cover

the first jar of gas with a disc

of card. In the same way
collect several jars of the gas.

Properties ofcarboti dioxide.

—Notice that the gas is (i)

invisible, without taste or smell
; (2) that it extinguishes a

lighted taper
; (3) that it must be heavier than air or it could

not be collected in the way described.

Carbon dioxide is heavier than air.—Take a jar of carbon

dioxide and a jar containing air. Hold the mouth of the

Fiu. 28.—Apparatus for producing
and collecting carbon dioxide gas.

Fig. 29. — Carbon dioxide gas is

heavier than air, and can therefore be
poured from B into A , like a liquid.

Fig. 30.—The flame of a taper is ex-

tinguished when carbon dioxide is poured
upon it.

former over the mouth of the latter as shown in Fig. 29, so as

to pour the carbon dioxide from /? into the jar A. Afterwards

test the gases in the jars by means of a lighted taper. The
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lower jar A will be found to contain the gas which put out

the flame.

Hold a small lighted candle in one hand and a jar of carbon

dioxide gas in the other. Pour the gas over the flame, and

notice that the hght is extinguished.

Acid solution formed by carbon dioxide.—Pour a little

water made blue with litmus into a jar of the gas and shake it

up. Some of the gas dissolves, and the colour of the solution

turns red.

Action on lime-ivater.—Pass the gas from the delivery

tube through some lime-water. Observe that a milkiness is

produced, owing to the production of a white powder ox pre-

cipitate, which disappears after a short time.

Boil the solution thus obtained, and notice that the milki-

ness again appears.

Filter the milky solution, and so obtain the white powder

on a filter paper. Add a few drops of dilute hydrochloric acid

to the powder. Notice the effervescence. Test the gas which

is given off ; it puts out a flame.

Carbon dioxide produced by fermentation.— Fit up a large

flask with a well-fitting cork through which passes a piece of

glass tubing bent twice

at right angles, Fig. 31.

Dissolve a handful of

sugar in some tepid

water, and put it into

the flask with some
yeast. Arrange the

tube so that one end of

it dips into lime-water

contained in a test-glass

as shown in Fig. 31.

Allow the whole to

stand some time. The
lime-water turns milky.

Fermentation takes

place in the flask, and

carbon dioxide is given

off. To keep the car-

bonic acid gas in the

air from the lime-water il will be best to cover the top of the

Fig 31.—CuliMii (li xitle is produced when
sugar ferments in the flask.
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test-glass with a piece of cardboard, the dehvery tube passing

through a hole in its centre.

REASONS AND RESULTS.

Preparation of bottles of carbon dioxide.—The best way to

prepare bottles or jars of the gas which puts out flames is to

make use of the fact that the gas is given off when acids act

upon chalk, limestone, or marble. All that is wanted is a

convenient means to collect the gas produced. A good way to

do this is to place pieces of marble about the size of peas into a

bottle fitted like that in Fig. 28. Dilute hydrochloric acid is

poured down the thistle funnel, and when it comes into contact

with the marble, the gas is given off. Enough acid is poured in

to cover the bottom of the funnel, so the gas cannot escape up

the funnel ; and it passes through the other tube in the cork.

The gas collected is heavier than air, and can therefore be

collected as shown in Fig. 28. As the gas accumulates in the

jar, the air is pushed out at the top. After several bottles or

jars have been filled, the properties of the gas can easily be

examined.

Properties of carbon dioxide.—An examination of the gas

shows that it is colourless and has no smell. As it is heavier

than air it can be poured downwards just like a liquid {see

Fig. 29.)

Carbon dioxide is slightly soluble in water, and the solution

which is thus formed turns a blue litmus paper red, just as you

have learnt acids do. For this reason the solution of carbon

dioxide in water is often called carbonic acid, and the carbon

dioxide itself is sometimes spoken of as carbonic acid gas. In

naming the properties of this gas you must not forget that one

which has been so frequently mentioned, namely, that it puts

out the flame of a taper or match, and is consequently called a

non-supporter of combustion. The action of carbon dioxide on

lime-water is so important a property that it deserves a separate

paragraph.

Action on lime-water.— If carbon dioxide is passed from the

delivery tube of an apparatus generating it into lime-water a

milkiness is seen, but if the experiment is continued the milki-

ness by and by disappears. If the clear solution which results

after the disappearance of the white powder or precipitate is
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boiled, the milkiness again makes its appearance. The reason

of this is that the white substance of which the precipitate is

formed dissolves in water which has become saturated with

carbon dioxide. When the clear solution, which appears after

the solution of the powder, is boiled, the carbon dioxide is

driven out of it, and the liquid again becomes pure water. The
precipitate reappears because it will not dissolve in water.

This explanation should be kept in mind, because it explains

many facts about natural waters which will be dealt with in

later lessons.

The chemical change when carbon dioxide is passed into lime-

water.—What are the facts taught by the experiments described?

When an acid is added to the white powder which is formed

when carbon dioxide is passed into lime-water, a brisk effer-

vescence is noticed, and the gas which is given off is found to

put out a flame. But this is just what happens when the acid is

dropped on to chalk. You are consequently led to believe that

carbon dioxide gas combines with the lime in the lime-water to

form chalk. In other words, the change which takes place when

carbon dioxide is passed into lime-water is just the opposite to

that which occurs in a limekiln where chalk is split up, by

heat, into lime and carbon dioxide.

In this case you have seen that

Chalk ^P -^ ^ lime and carbon dioxide ;up mto

and in the experiment with lime-water you have seen that

Carbon unites ^^^ to
^^^^^

dioxide with form

Uses of carbon dioxide.—The fact that carbon dioxide is a

non-supporter of combustion is made use of in many forms of

chemical fire extinguishers, which are generally solutions which

on heating evolve carbon dioxide. As burning cannot take

place in this gas, the flames are therefore extinguished when the

gas reaches them.

The solubility of carbon dioxide in water is increased by pres-

sure, and the sparkling nature of the various aerated waters, like

soda-water, is due to the carbon dioxide with which they have

been charged at high pressures, and which escapes when the

pressure is reduced to that of the atmosphere by the opening of

the bottle (Fig. 32). As the pressure is very great, the bottles

have to be very thick.
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Carbon dioxide is also produced during fermentation, and in

the "rising" of bread. The rising is due to the escape of car-

bon dioxide generated by the fermentation

of the sugar formed from the starch in the

flour under the influence of the yeast.

By cold and pressure carbon dioxide gas

may be changed to a liquid, and also soHdi-

fied, forming a soft white substance some-

thing like snow, which when mixed with

ether forms a powerful freezing mixture, the

temperature sinking to about -100° C.

To BE Remembered.

escaping
dioxide.

The gas
carbon

Carbon dioxide, also called carbonic acid gas,

may be obtained in large quantities by acting upon

chalk or marble with hydrochloric acid.

Properties of carbon dioxide.—It is a gas which

is colourless, odourless, transparent, much denser than the air, and

therefore can be poured downwards. It will not burn, and a lighted

taper will not burn in it. It turns blue litmus red, and when passed

through lime-water, the latter becomes milky.

When carbon dioxide is passed into lime-water, the liquid at first

becomes milky, particles of chalk being formed in it ; but as the water

becomes saturated with the gas this chalk is again dissolved. On
boiling, the chalk reappears as the carbon dioxide is driven out of the

water.

Chalk consists of lime and carbon dioxide.

By intense cold and great pressure carbon dioxide gas may be con-

verted into a liquid, or into a snow-like solid.

Exercise XIII.

1. Describe the apparatus you would use for the preparation of carbon

dioxide.

2. How would you collect some of the gas without a pneumatic

trough ? Could hydrogen be collected in this way ?

3. If hydrogen is being collected without a trough, why do you not

collect it in the same way as carbon dioxide ?

4. Write all you iinow about the properties of carbon dioxide.

5. How would you show that chalk consists of lime and carbon

dioxide ?

6. Describe, with sketch, experiments which prove that carbon

dioxide is denser than air.
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LESSON XIV.

FURTHER STUDY OF THE ACTION OF ACIDS
METALS AND CARBONATES.

ON

PRACTICAL WORK.

Things required.—Test-tubes, wide-mouthed bottles or deep

cylinders. Iron filings or iron tacks. Hydrochloric acid. Taper.

Sulphuric acid. Washing soda. Apparatus for carbon dioxide

as shown in Fig. 28. Seidlitz powder. Baking powder. Oyster

shells. Lime-water.

What to do.

The action of hydrochloric and sulphuric acids on iroti.—
Into a test-tube put some iron filings, iron tacks, or small nails.

Pour on dilute hydrochloric acid. When effervescence has

taken place for a short time apply a lighted taper to the mouth
of the tube. The gas given off burns. What is it?

Perform a similar experiment, using sulphuric instead of

hydrochloric acid.

The actioft of acids upon luasJiiitg soda.—Set up apparatus

as shown in Fig. 28. Put into the bottle some washing soda,

cover with water, and

after corking pour a

Httle acid down the

thistle funnel. Examine
the gas which fills the

jar. Apply a lighted

taper to it. Plunge the

taper into the gas. Pour

lime-water into the jar.

What gas is it ?

The action of acids

upon oyster shells.—
Clean out the bottle,

and into it put some

broken oyster shells, and repeat the last experiment. What

Fig. 33.—If carbon dio.\ide is poured into clear

lime-water the lime-water turns milky.

gas do ) ou obtain .''
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The action of zvatcr upon i>aki?tg powder.— Ohta^m some

baking powder
;
put a small quantity into the bottom of a

deep beaker or cylinder and cover with water. Plunge a

lighted taper into the jar. What gas is given off?

T/te gasfrom a Seidlitz powder.—Perform a similar experi-

ment with a seidlitz powder if you can obtain one, or with the

substance sometimes sold as " Kali," and examine the gas

which comes off. What is it ?

Put some lime-water into the bottom of a beaker, and

incline towards it the cylinder which contained the powder, so

that some of the gas will pass from the cylinder into the

beaker (Fig. 33). Shake the lime-water. What happens ?

REASONS AND RESULTS.

Hydrogen gas obtained from iron and acid.—When iron

filings or small iron nails are put into a test-tube, and dilute

hydrochloric acid or sulphuric acid is poured upon them, the

result is much the same as when zinc is treated in a similar way.

A gas is given off which at first ignites with a slight explosion,

but soon burns quietly at the mouth of the tube. The iron acts

upon the acid used in just the same way as zinc does, causing

hydrogen to be liberated, and this is the gas which burns at the

mouth of the tube. The unpleasant smell which accompanies

the production of the gas is due to the presence of another gas

formed by the action of the acid upon impurities in the iron.

Action of acids upon carbonates.—By substituting common
washing soda for marble in the apparatus used for preparing

carbon dioxide a supply of this gas can be obtained. As soon

as a little acid is poured down the thistle funnel the gas comes

off very briskly, and if collected either by displacement of air in

a jar, or over water, it is found to have the same properties as

the gas obtained from limestone.

But though washing soda and limestone both yield carbon

dioxide, they are not made of exactly the same materials. It

has several times been stated that limestone, marble, and similar

substances, consist of calcium carbonate, or, as you have seen, of

lime and carbon dioxide. Washing soda is called by the

chemist carbonate of soda or sodium carbonate ; it consists of

carbon and oxygen combined with sodium, and not with calcium

as in limestone, but just as an acid liberates carbon dioxide from

carbonate of lime, so the acid liberates the gas from carbonate
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of sodium or washing soda. When an acid and a carbonate are

brought together this gas is almost always produced.

Other ways of producing carbon dioxide.— If you mix together

the two substances forming a SeidUtz powder, and pour water

upon them, fizzing rapidly takes place. If the experiment is

carried on at the bottom of a deep cylinder, a lighted taper

plunged into it is extinguished, and the escaping gas does not

burn. If some lime-water be put into a beaker, and the cylinder

be incHned over it, some of the gas will pass into the beaker,

and on shaking the lime-water becomes milky.

Baking powder generally contains the same substances as a

Seidlitz powder, and the gas coming from it may be tested in the

same way.

Everyone has noticed the holes in bread, to which its spongy
character is due. These holes are produced by carbon dioxide

gas. Sometimes yeast is mixed with the flour, and acts upon it,

setting free carbon dioxide which is held by the dough, much
as soap suds hold your breath when you blow a soap bubble.

Very many bubbles are produced close together, and this

accounts for the large number of holes in bread.

Baking powder is often used instead of yeast. This is mixed
with the flour and gives off carbon dioxide which forms the

bubbles in the bread, and makes the bread porous and light.

You will perhaps wonder how it is that in the case of baking

powder and Seidlitz powders, effervescence is produced when
water only is added. In this case an acid is used which exists

in the solid state, and is mixed with another substance very

much like washing soda, containing carbon dioxide. Adding
water causes the acid to come into close contact with the

substance containing the carbon dioxide, and to set the gas free.

To BE Remembered.

When dilute sulphuric or hydrochloric acid acts upon iron, hydro

gen is given off, but not so briskly as when these acids act upon zinc.

Carbon dioxide may be obtained from washing soda by the action of

dihite acid upon it.

Carbon dioxide is given off from many substances which effervesce on

the adilition of water, as in the case of Seidlitz powder, baking powder,

"kali," etc. In these substances an acid is present which acts only

when water is added.

Aerated waters are generally highly charged with carbon dioxide.
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Exercise XIV.

r. If you wish to prepare hydrogen gas, what substances might be

used ? State which substances you consider best, and give reasons why

they are best.

2. What is the use of baking powder ? Describe an experiment

which shows the nature of the gas given off from it.

3. From what substance other than limestone or marble can carbon

dioxide be prepared ?

4. How would you show that the gas given off when an acid acts

upon marble, is the same as that given off when an acid acts, upon

washing soda ?

5. Washing soda is called "carbonate of soda" by chemists. Do
you know why ?

6. By what experiment would you show that aerated waters are

charc;ed with carbon dioxide?

LESSON XV.

BURNING AND BREATHING.

PRACTICAL WORK.

Things required.—Several glass cylinders or bottles. Piece

of glass tubing with lower end bent like letter J for burning coal

gas in cylinder. Candle on wire. Lime-water. Tube to blow-

through. Laboratory burner. Apparatus as shown in Fig. 37.

What to do.

Carbon dioxide is produced by a burning cand/e.— Repeat the

experiment of burning a candle or taper in a clean dry white

bottle (Fig. 34). After the flame has been extinguished,

withdraw the taper. Pour a little freshly made lime-water

into the bottle and shake it up. Notice the milkiness of the

lime-water.

Carbon dioxide is produced when oil, gas, or wood burns.—
Do similar experiments with a small oil lamp and a gas jet

(Fig. 35). Test the gas which is left in each case with lime-

water. Observe the milkiness produced.

Cut a long thin chip of wood, hold it in the flame of a

laboratory burner until it burns brightly, then thrust it into a
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cylinder or bottle, the bottom of which is covered with lime-

water to the depth of about an inch. When the stick ceases

to burn, withdraw it and shake the lime-water.

Fig. 34.—Carbon dioxide is produced
when a taper burns.

Fig. 35.—Carbon dio.xide is produced
when ordinary gas burns.

Air after being breathed contains carbon dioxide.—Blow

through a piece of glass tube into some clear, freshly-made

lime-water contained in a wineglass or tumbler. Milkiness

is at first produced, but if the

blowing is continued long

enough it by and by disappears.

Fill a jar with water and

invert it in a basin of water.

Blow air from your lungs into

the jar by means of a tube.

When the jar is full of air place

a disc under it and lift it out ot

the water. Show that the air

will extinguish a lighted taper.

Repeat the two preceding

experiments by blowing air from

a bellows instead of from the

lungs. Notice that this un-

breathcd air has not the same effects upon a lighted taper or

lime-water as breathed air.

Fig. 36.—Carbon dioxide brea.hed

out from the lungs will turn clear lime-

water milky.
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The air contains carbo7t dioxide.—Pour some clear lime-

water into a blue dinner plate, or some other shallow vessel

of a dark colour. Leave it exposed to the atmosphere for a

little while. Notice the thin white scum formed on the top.

The carbon dioxide in the air has turned the top layer of

liquid milky.

Breaf/iitig- changes the character of air.— Fit two bottles

vvith corks and tubes as shown in Fig. 37. See that the corks

are air-tight. Put some
P

clear lime-water into each "''

bottle. Place the tube C,

or an india-rubber tube

leading from it, in your

mouth. When you suck

at the tube air is drawn in

through the glass tube

which dips into the lime-

water in the bottle A.

When, however, you blow

instead of sucking, your

breath passes out through

the tube which dips into

the hme-water in the bottle B. Notice that the lime-water in

A remains clear, but that in B is rendered milky by the air you

breathe out. You thus see that fresh air has little or no effect

upon lime-water, but breathed air quickly turns clear lime-

water milkv.

Fig. 37.—Air drawn into A does not turn

lime-water milky, but when blown through
B from the lungs the lime-water in B is

turned milky.

REASONS AND RESULTS.

Burning'.—W'hen things such as candles, oil, gas, and wood
are burnt either in the air or in pure oxygen, a gas is produced

which has the power of turning lime-water milky. All these

substances contain, in one form or another, a substance called

carbon. As you have seen in previous lessons the gas, produced

when these substances burn, is carbon dioxide. In fact, when-

ever a substance rich in carbon burns in a plentiful supply of

air or oxygen, this carbon dioxide is produced. Knowing how
many fires there are, in all civilised countries, in houses,

furnaces, engines, and so on, it is not difficult to understand

that at every hour of the day very large quantities of this carbon
HI.

"

F
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dioxide are formed. A moment's thought will tell you this gas

always escapes, sooner or later, into the air.

Carbon dioxide is given off in breathing.— If a person blows

with the mouth into clear lime-water the lime-water is turned

milky. This is another important fact. It is clear that carbon

dioxide escapes from our mouths in breathing. And so it does

from every animal. Not only, then, do all cases of ordinary

burning result in the addition of carbon dioxide to the air, but

also every act of breathing. It does not matter how small the

animal is, all the time it is alive it is continually adding to the

atmosphere a certain amount of the gas which puts out flames.

Chemical combustion in the body.—As carbon dioxide is pro-

duced in breathing, you may already have arrived at the conclu-

sion that carbon and oxygen
unite together in some way
in the body to produce this

gas. What really happens

is something like this.

When you draw air into

your mouths, the mixture

of oxygen and nitrogen of

which the air is composed,

passes down the wind-pipe

into the lungs inside your

chests. The lungs, which

are like the " lights " or

lungs of animals to be seen

at the butcher's, are two

spongy masses which take

up a large part of the chest

(Fig. 38). They contain

throughout a very large

number of little air spaces

with very thin walls (Fig. 39). All over these thin walls tiny

blood-vessels are spread, and the walls of these are also very

thin. The oxygen of the air passes through these thin walls

into the blood. The blood carries the oxygen to every part of

the body.

Whenever you lift an arm, move a leg, or use any muscle,

part of the substance of the muscle is used up or burnt.

It joins with the oxygen in the blood. The muscle contains,

Fig. 38.—Wind-pipe and lungs. The
right-hatii lung has been cut to show the

branching tubes.
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Fig. 39.—Air cells in a piece of lung.

You
too,

with other things, hydrogen and carbon. The hydrogen of the

muscle unites with the oxygen brought by the blood to form

water ; and the carbon of the muscle combines with some more

of this oxygen to form

carbon dioxide. These

waste products, water

and carbon dioxide,

are taken away from

the muscles by the

blood, which is always

in motion, to the lungs.

Here the carbon di-

oxide is given up and

passes, with nitrogen

and air which you

breathe out, back into

the atmosphere.

Similar changes take place when you use your brain.

cannot think without using up part of your brain. It,

combines with the oxygen brought to it by the blood.

These facts explain why we require our meals. After your

muscles or your brain have been used for a certain time > ou

begin to feel hungry. That means something is required to

rebuild the used-up muscle and brain. You take food, and this,

after undergoing wonderful changes of which you will some

day learn, supplies the blood with material which it carries oft

to the muscle or brain to repair them. But besides repairing

waste the food is also the source of che body's warmth. As you

know, when chemical action takes place heat is developed, and

it is the heat formed in this way which warms the body.

Breathing of other animals.—What is true of boys and girls,

and men and women, is equally true of every animal which

possesses lungs. They all breathe in air containing oxygen,

and breathe out air containing carbon dioxide.

Carbon dioxide in the air.—You will now understand how it is

that the air always contains some carbon dioxide. Every case

of ordinary burning and the breathing of every animal adds a

certain amount of this gas to the atmosphere. But there is

never verj^ much of this carbon dioxide to be found in the air out

of doors. The reason for this will be the subject of the next

lesson. You will learn that carbon dioxide not only extinguishes
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flames, but also prevents the continued life of animals, for these

die in the gas. Unless, therefore, some process was constantly

at work getting rid of the carbon dioxide all animals would
eventually be unable to live.

Dangers of carbon dioxide.—The proportion of carbon dioxide

in pure air is three or four parts in ten thousand ; that is to say,

in ten thousand cubic feet of

air there are three or four

cubic feet of carbon dioxide.

If the air of a room contains

as much as six parts in ten

thousand of carbon dioxide, it

appears " stufty " or " close "

to a person coming into it from

the outside, and if it contains

a greater proportion it is unfit

to breathe. This shows you

the importance of a good

supply of fresh air to a room
in which there are a number
of persons and of gas-lights,

using up the oxygen and pro-

ducing carbon dioxide.

A dreadful instance of the

effect of impure air upon life

occurred many years ago in

India, when 146 Englishmen

were shut up for a night in a

closed room about twenty feet

square, having only one or two

small windows. In the morn-

ing, 123 were found dead in this

" Black Hole of Calcutta," as

the room was afterwards called,

and the survivors were so

changed by the a\\ful night of

struggle for air and water that

they did not know one another.

Old wells and cellars frequently contain too large a proportion

of carbon dioxide to permit any one to descend into them with

safety. In breweries, also, carbon dioxide accumulates at the

Fig. 40.—Workmen often lower a

lighted candle into an old well before

descending, in order to test if cirbon
dioxide is present in too large a pro-

portion for safety.
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bottom of the large tubs or "vats" in which fermentation has

taken place. Many workmen have lost their li\es by descending

into vats containing carbon dioxide. To test whether the air in

such places is fit to breathe, a lighted candle is usually lowered

into them. If the candle burns just as brightly as in the open

air, it may be concluded that the place is safe to enter, but if it

becomes dim in the slightest degree the air is not fit to breathe.

A candle will burn in air containing ten or twelve per cent, of

carbon dioxide, but four or five per cent, of carbon dioxide in air

is sufficient to cause death. The candle test of purity of air is,

therefore, not entirely to be depended on.

In some parts of the earth, a large quantity of carbon dioxide

issues from the ground and often causes death to animals which

breathe it. Death's Gulch, Yellowstone Park, California, is a

place of this kind. Grizzly bears are frequently found suffocated

to death in this valley.

To BE Remembered.

Carbon dioxide.—When candles, gas, wood, or any substance which

contains carbon burns in the air or oxygen, carbon dioxide is formed.

This gas is also given off in the breath of animals. From these sources

large quantities are continually passing into the atmosphere.

Breathing is really a kind of burning ; for the oxygen taken into the

body by the lungs unites with the carbon in the body to form carbon

dioxide, and with the hydrogen to form water, these products being

expelled from the body partly in breathing.

Carbon and hydrogen form a large portion of our food, which, after

becoming a part of the substance of the body, are burned up and carried

away by the blood to be again removed from the body.

Air containing more than six parts of carbon dioxide in ten thousand

is unfit to breathe.

Exercise XV.

1. How would you show that the air you breathe out contains more

carbonic acid than pure air?

2. What are the various ways in which carlion dioxide gets into the

atmosphere ?

3. How would you show that, when coal gas burns, the same sub-

stance passes into the air as when you breathe ?

4. Describe as fully as you can what becomes of the oxygen taken

into the lungs.
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5. When would you expect a man to breathe out most carbonic acid

gas, when sitting still or when working hard, and why?
6. Clear lime-water is left in an unstoppered bottle, what happens

and why?

7. Why is it dangerous to descend into an old well or mine which

has not beeen ventilated ?

LESSON XVI.

CARBON DIOXIDE IN THE AIR.

PRACTICAL WORK.

Things required.—Spring water or water saturated with

carbonic acid gas. Fresh watercress. Test-tubes. Basin of

water. Splinters. Glass jar. Large funnel. Green leaves.

Piece of sheet iron or tin plate.

What to do.

Carbon dioxide in ivafer.—Procure some fresh spring water,

which generally contains carbon dioxide dissolved in it. You
can see whether the water

you think of using contains

carbon dioxide by adding

lime-water. If there is no

milkiness the water is un-

suitable for the experiment.

In that case you must pass

carbon dioxide into some
water for a little while from

the delivery tube of an

apparatus like that in

Lesson XIII.

Oxygen from plants.—

Take a bunch of fresh

watercress, or water weeds,

and put it into a beaker

or glass jar and com-
pletely fill it with the water saturated with carbon dioxide.

Cover the plants with a funnel nearly as wide as the jar,

Fig. 41.—Oxygen is given off from fresh
watercress in bright sunlight.
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as shown in Fig. 41. Fill a test-tube with water and

invert over the funnel. If properly managed there should

at first be no gas in, the test-tube. Place the jar in bright

sunlight for an hour or two and then examine it. You
will notice bubbles of a gas have collected at the top of

the tube. Test the gas with a glowing splinter of wood.

It is found to be oxygen.

Plants in sunlight and in darkness.—Repeat the whole

experiment, but instead of putting the bottle in bright sunlight

place it in the dark. Observe that in such circumstances

no bubbles of oxygen are formed.

Carbon in plants.—Take some green portions of a plant

(leaves will do) and heat them on a piece of tin plate over

a laboratory burner. Note that they become charred,

showing the presence of carbon.

REASONS AND RESULTS.

How to recognise carbon dioxide in the air.—That there is

always a certain amount of carbon dioxide in the air can be

proved by exposing fresh lime-water in a shallow vessel. Very

soon the lime-water becomes covered with a thin white layer of

chalk, which is formed by the combination of the carbon dioxide

in the air with the lime in the lime-water. One reason why

there is never very much carbon dioxide in the air out of doors

is because there is an agency continuously at work getting rid ot

this gas. This agency is the green parts of plants which occur

everywhere. You must now try to understand the work which is

done by these green parts of plants.

How plants get rid of carbon dioxide in the air.—When fresh

watercress is put into a bottle completely full of water contain-

ing carbon dioxide in solution, and the bottle is inverted in a

basin of water without allowing air to get into the bottle, it

is found that, when the bottle and its contents are exposed to

bright sunlight, bubbles of gas collect at the top of the bottle.

These bubbles, when tested, are found to be pure oxygen. If,

however, the bottle with the cress in it is kept in the dark no

bubbles of oxygen collect. Or, if a bottle of water in which

carbon dioxide is dissolved be put in the sun, without any

watercress, no oxygen collects in the top of the bottle.

In other words, two things are necessary for the formation
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of bubbles of oxygen. They are (i) the vegetation, (2) the

sunlight. The same conditions have been found to always

hold true. You may say that green plants in the presence of

bright sunlight have the power of turning oxygen out of carbon

dioxide. They keep the carbon for themselves, and it helps

them to grow. If the experiment were carefully performed it

would be found that the watercress has increased in mass after

being exposed in these circumstances to bright sunlight for some
time.

The balance of nature.—The wonderful relation between

animals and plants in regard to their action upon the air,

is a beautiful example of the way in which nature provides for

one class of its creatures even out of the refuse of another.

Animals by their breathing are continually using up the oxygen

and returning to the atmosphere the compound carbon dioxide,

a gas which is fatal to animal life. On the other hand, plants

take in the carbon dioxide, and, in the presence of sunlight, the

green material in their leaves can split up the gas into the two

simpler substances of which you have learnt it is built, namely,

carbon and oxygen. The carbon the plants keep for themselves,

the oxygen they do not want, and return to the atmosphere

again. In this way plants help to keep the atmosphere in a

suitable condition for the healthy life of animals.

Wherever vegetation flourishes it is actively at work purifying

the air by using up carbon dioxide and giving out oxygen.

You will understand from this that open spaces and parks are

of great value in towns, for they prevent the accumulation of

carbon dioxide in the air as well as provide places for recreation.

You will not, however, suppose that green plants do nothing

but take in carbon dioxide and give out oxygen, for they take in

a little oxygen, and in darkness they give out an appreciable

quantity of carbon dioxide. But even when this is taken into

account we know that vegetation is of very great use in keeping

down the proportion of carbon dioxide in air.

Another way of regarding plants.—Think for a moment about

the kinds of food which animals eat. What do you eat ? At

breakfast you have bread and butter, or porridge, or bacon, or

eggs. At dinner you have meat and vegetables and perhaps

pudding. At tea you take bread and butter again, and so on.

Now all these things can be divided into two classes. They

either come from plants or animals. Which food come from
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plants ? You know the bread, the porridge, the vegetables all

do. And which come from animals ? The bacon, the meat for

dinner, the milk, the eggs, and rhany other things. In fact

nearly all the food of yourselves and all animals come from

either some plant or some other animal.

But if you consider what the food of plants is, you are led to

quite another conclusion. Plants get all their food either by
means of their roots from the soil, or by means of their leaves

from the air. You know very well that if you only had the soil

and the air to get your food from you could not live. Nor
could any animal live. This is another great use of plants

;

they manufacture food for animals from the chemical substances

in the soil and in the air. You may almost look upon a wheat

or potato plant as a small manufactory, in which material from

the soil and air is turned into substances suitable for the food of

man or other animals.

Always remember that without plants all animal life must

cease. Not only do they help to keep the air in a condition

for animals to breathe, but they are also always silently at

work making food for animals. They are the manufacturers

of natural food, and animals are the consumers.

To BE Remembered.

The presence of carbon dioxide in the air may be shown by exposing

lime-water in a shallow vessel. The lime-water soon becomes coated

with a thin layer of chalk.

The green parts of plants have the power in bright sunlight of break-

ing up carbon dioxide, the carbon they keep to build up their solid parts,

and oxygen is given off into the air.

Animals give off carbon dioxide (which passes into the air) and take

oxygen from the air. Plants give out oxygen and take carbon dioxide

from the air ; in this way both are supplied from the air with the sub-

stances they need.

Plants take substances from the soil and from these together with
the material from the air the vegetable matter they consist of is prepared.

Vegetables form a large part of the food of animals, wliich thus

indirectly feed upon substances obtained from the soil.

Exercise XVI.

I. How would you show that the air contains other substances

besides nitrogen and oxygen ? What are these substances ?
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2. How would you show by experiment that plants give off oxygen

gas?

3. What are the most favourable conditions for the production of

oxygen by plants ?

4. Give reasons for the fact that the air of large cities contains a little

more carbon dioxide than that of the country.

5. Write a short account of the uses of plants.

LESSON XVII.

HARD AND SOFT WATERS.

PRACTICAL WORK.

Things required.—Test-tubes. Apparatus for preparing carbon

dioxide. Lime-water. Laboratory burner or spirit lamp. Soap
solution prepared from Castile soap and methylated spirit.

Spring and rain water. Flasks. Calcium chloride. Sea water.

What to do.

Chalk dissolves in water containing carbon dioxide.—Pass

carbon dioxide into clear lime-water until the solution is clear

again, after first becoming milky.

Effect of boiling water itt w/tich chalk is dissolved.—Boil a

part of the clear solution in a test-tube. Observe the return

of the milkiness. What is the cause ?

Boil in a flask a little natural water which is hard because

of the presence of chalk ; observe that the water becomes

milky.

Soap solution to test the hardness of water.—Dissolve some
Castile soap in spirits of wine and label the solution as " soap

solution."

Add a few drops of soap solution to distilled water. Shake

the mixture. Notice a lather is easily formed.

Temporary ajtd permanent hardness of water.—Add soap

solution to some of the clear solution obtained by passing

carbon dioxide for some time through lime-water. Shake the

mixture and observe that a lather is formed only after a con-

siderable quantity of soap solution has been added.
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Similarly observe that it is difficult to make a lather with a

solution of calcium chloride.

Boil portions of the solution in the last two experiments

before adding the soap solution. Soap lathers in the first

solution quite easily after it has been boiled ; boiling makes

no difference to the second solution.

Fig. 42.—^When carbon dioxide is passed into clear lime-water, the

water turns milky, and afterwards clear. The milkiness is again

obtained by boiling the lime-water.

Hardness of sea-water.—Try whether the soap solution

forms a lather when shaken up with sea-water. Does boiling

make any difference ?

The measurement of the hardness of ivater with soap solu-

tion.—On a narrow test tube gum narrow strips of paper,

about \ cm. apart, so as to form a measure for the soap

solution. From this add soap solution (a drop or two at a

time) to about a wineglass full of rain-water ; cover this with

your hand and shake vigorously after each addition. When
a lather forms which remains for five minutes, cease to add

soap solution, and note the volume of it used.

Treat an equal quantity of spring water in the same way

and note the amount of soap solution required.

By taking various samples of water, equal in quantity, and

treating them as described, you may roughly compare the
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facility with which they form a lather. The Jiarder the watet

the more is the amount of soap solution required.

Hard water may be softened by the addition of lime.— Into

some water which contains dissolved carbonate of lime pour

some clear lime-water until the water becomes quite milky.

Then filter. Find how much soap solution is required to

produce a lather which remains for five minutes in 50 c.c. of

the clear water. Test an equal volume of the water which

has not been treated with lime-water in the same way.

REASONS AND RESULTS.

Hard and soft waters.— It is a fact familiar to everyone that

soap lathers very easily in some waters and not at all in others.

If jain-water be used, the lathering takes place with great ease,

while with the water supplied to some towns a lather can only

be made with difficulty ; and if we attempt the same process in

sea-water there is no lathering at all. Those waters in which

soap lathers easily are said to be soft. When this is not the case

the water is spoken of as hard.

Soft waters.—Water containing no dissolved mineral matter,

or water which is pure, dissolves soap easily, and when the

solution is shaken up a lather is at once formed.

Hard waters.—Hard waters always contain dissolved mineral

substances. These substances may either be soluble in pure

water itself, or in water which has first dissolved carbon

dio.xide. When water is boiled it is hotter than when it is taken

from a spring or tap, and as hot water usually dissolves more of

a substance than cold, you would hardly expect mineral sub-

stances in water to be given up when the water containing them

boils. But this does happen, and the reason is that boiling

drives out the carbon dioxide from solution in the water.

Many solids which are soluble in water owing to the presence

of carbon dioxide, are not dissolved by pure water ; hence when

the water is boiled and the gas is given off, these substances

are deposited upon the sides of the vessel in which the boiling

is done.

These facts enable us to divide hardness in waters into two

classes—(i) Hardness which is not removed by boiling, called

permanent
; (2) Hardness which is removed by boiling, called

temporary.
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How natural waters become hard.—No sooner is the water

vapour in the air condensed into rain than its work of sokition

begins. First, the rain in its passage to the earth dissolves

samples of the gases in the air. The most soluble of these

gases are oxygen and carbon dioxide, and e\Mdently there will

be most of these dissolved. When the surface of the earth is

reached the solution of many more substances begins. The
amount of each material dissolved, of course, depends upon the

extent to which it dissolves. All the time the water is percolat-

ing through the soil and underlying rocks, it is dissolving some
of their constituents.

Of these substances dissolved some are soluble in pure water,

others dissolve only in water containing carbon dioxide. The
hardness to which the first class gi\es rise is peDiianent, that

caused by the second class temporary.

Ways of getting rid of temporary hardness.—First, there is

the plan of boiling which has been already mentioned. But it is

quite clear that when engineers wish to soften the supply of

water to a town they cannot boil the whole amount. It would
not only be very inconvenient, but also very expensive. Another
process is adopted.

You must bear in mind that the object in view is to get rid

of the carbon dioxide in the water. If this can be done, the

substances at first in solution in the water become insoluble,

and are given up.

What the engineer often does is to have lime put into the

water. The lime combines with the carbon dioxide, in the

way you have learnt, to form chalk. The carbon dioxide being
remo\ed from the water, it can no longer dissolve the carbonate

of lime, and this, together with the chalk formed, is thrown
down.

Ways of getting rid of permanent hardness.—You already

know that boiling is of no use in removing hardness when the

water is permanently hard. But there are two other ways of

softening permanently hard water.

The first plan you ha\-e perhaps seen the washerwoman
employ. She puts soda into the water. The chemist's name
for soda, you learnt in a previous lesson, is sodium carbonate.

When the sodium carbonate comes in contact with the sub-

stance which causes permanent hardness a chemical change

takes place, and the originally soluble substance causing the
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hardness is changed into a compound insoluble in water

which is consequently thrown down. The water is thus softened.

The substance in solution in water which usually causes per-

manent hardness is calcium sulphate, one form of which is

plaster of Paris. When washing-soda comes into contact with

this compound the calcium sulphate is changed into calcium

carbonate, the chemist's name for chalk, which, being insoluble

in pure water, is thrown down as a precipitate, and so got rid of.

The second plan is called distillation, and is equally useful in

both kinds of hardness.

Reason for getting rid of hardness.—One object in view in

getting rid of every kind of hardness is to diminish the amount
of soap necessary in using water for cleansing processes. When
soft water is used the soap immediately dissolves in it causing a

lather at once. When hard water is employed a considerable

quantity of soap is first used up in combining with the chalk and

other substances, which render the water hard, to form the curdy

material seen at the top of hard water after soap has been used

in it. This curdy matter is insoluble in water, and represents so

much wasted soap.

To BE Remembered.

Soft waters are those in which soap lathers easily.

Hard waters are those containing dissolved solids which use up soap

without making a lather.

Hardness is of two kinds.

(a) Permanent, caused by the presence of calcium sulphate, and can

only be got rid of by adding washing soda or by distillation.

{b) Temporary, caused chiefly by carbonate of lime, and got rid of by

boiling or by adding lime.

Water becomes hard as it passes over rocks in the earth, dissolving

mineral matter from them. In this solvent action it is assisted by the

carbon dioxide which it dissolves in passing through the air.

Hard water requires much more soap to form a lather than soft

water ; the mineral substances unite with the first portion of the soap

taken to form a useless curd.

Exercise XVII.

1. Describe an experiment which shows that hard water requires

more soap to form a lather than soft water.

2. What is the cause of hardness in water, and how may it be

removed ?
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5. What is the reason for adding soda to water ? How does it act ?

4. Briefly describe the reasons for the hardness of most spring-waters.

Why is rain-water not hard ?

5. Why are hard waters divided into two classes, and in what ways

does their hardness differ ?

6. After washing my hands in spring-water, with soap, I noticed

a curd or scum on the water ; account for this. What would have

happened had I used rain-water, atid why?

LESSON XVIII.

LIMESTONES.

PRACTICAL WORK.

Things required.—Fur from tea-kettle. Chalk from a chalk

pit. Tumbler. Hydrochloric acid. Lime-water. Flasks.

Wide test-tube. Wood splinters. Filter paper. Funnel.

Strip of clear glass about 3 ins. by i in. Compound micro-

scope.^

What to do.

'^ Fur" from a kettle compared with chalk.—Collect some
crust or "fur" from the inside of a tea-kettle ; compare its

appearance with that of chalk.

Put a small quantity of clear lime-water into the bottom of

a tumbler or test-glass. Put some of the " fur " into a small

flask, and pour on it a little dilute hydrochloric acid. Note

the effervescence which takes place. Tilt the flask over

the tumbler so that the escaping gas will' flow from the flask

to the tumbler, taking care that no liquid runs out of the flask.

Shake the tumbler containing the lime-water. Note that the

latter turns milky (Fig. 43).

Put a little of the fur into a wide test-tube and pour upon it

dilute acid. Plunge a lighted taper into the tube, or a burning

wood splinter. Note that it is extinguished.

1 This is not essential, but will be an advp.ntage.
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Perform similar experiments with chalk, and notice similar

resuhs.

Fig. 43.—Carbon dioxide obtained from the "fur" of a kettle will turn

the lime-water in the tumbler milky.

CJuilkfro)ii sp7-ing-watc7:— Boil spring-water in a clean flask

for some time. Observe the appeai-ance of chalk in the water.

Filter the water ; then pour dilute acid upon the filter.

Observe the effervescence. Also notice that the flask is no

longer clean, fur has commenced to form on the inside.

What chalk is made of.— If a microscope is obtainable, get

a piece of chalk from a chalk pit, powder it and shake up a

small quantity in water. Pour off the water containing the

fine particles, and examine a small quantity of the sediment

under the microscope by placing a few particles on a piece of

clear glass.

How to obtain a deposit of ''"fi/r" f?-OJn spriitg-watcr.—Put

a short piece of dean glass tubing into a kettle which is in

constant use. At the end of a week or two examine it.

Break it, and notice that fur is only deposited on the outside.

REASONS AND RESULTS.

Furring of kettles.—An examination of the inside of a kettle

which has been in use for some time generally reveals the

presence of a white chalk-like deposit. If a little of this white
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Fig. 44. — The "fur"
inside a kettle is of the

same composition as chalk.

incrustation be removed and examined it is found to be brittle,

and when treated with an acid it effervesces and gives off a gas

which puts out flames. But this is just what takes place when
an acid is poured upon chalk. The fur

inside the kettle is chalk. It was present

in the form of hardness in the water

which has been from time to time boiled

in the kettle. The solubility of the chalk

depended, as you know, upon the carbon

dioxide dissolved in the water. When
the water was boiled the carbon dioxide

was driven out, and the water was there-

fore unable to dissolve the chalk, which

was consequently thrown down on the inside of the kettle to

make the white deposit.

Some limestones are formed in the same

vvay as the fur in the kettle.—The water of

many springs contains as much carbon

dioxide as it can hold. For this reason

these springs are able to dissolve a large

quantity of chalk. When such water comes

to the surface of the earth the pressure upon

it is much decreased, and a great deal of

the carbon dioxide escapes. You already

know that it is the carbon dioxide in the

water which enables it to dissolve chalk,

and therefore when some of this gas escapes,

the water can no longer hold so much of

that substance, and chalk is deposited by

the water, in some cases to such an extent

as to form a thick layer of rocky material

which is called calcareous tufa or traver-

tine.

So abundant is this rock in Italy that it

is used as a building stone, many of the

finest buildings in ancient and modern

Rome being built of it.

Stalactites and stalagmites.—The streams

which flow over limestone countries become

saturated with calcium carbonate, which, as

you will remember, is the chemical name

G

Fig. 45.—Section of a
stalactite showing the
layers produced by the

gradual deposit of cal-

cium carbonate,

III.
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for chalk. In their course they often trickle through crevices in

the roofs of caverns (which have themselves been formed in the

limestone by the same solvent power of water containing carbon

dioxide). The drop of water, which is in this manner exposed

on the roof of the cavern, slowly evaporates, and the escape of

the carbon dioxide and loss of water causes a small amount of

the chalky deposit to be formed on the roof (Fig. 46).

1



LIMESTONES. 99

formed in quite another way. It is a well-known fact that many
animals which live in the sea have the power of extracting the

calcium carbonate in solution in sea-water, and which has got

there from the rivers and streams containing it. This calcium

carbonate eventually builds up the shell generally possessed by

the animals mentioned.

You must not suppose the animals know anything about

what they do. They are no more concerned in the process

than you are in the building up of your bones from the sub-

stances in solution in your blood.

When the animal dies its shell remains on the sea bottom.

The shells of the multitudes of similar animals, accumulating on

Fig. 47.—Chalk seen under a micro-

scope.

Fig. 48.—Deposit obtained from the

bottom of the Atlantic, and viewed
under a microscope.

(From photographs by Mr. J. E. Barnard.)

the ocean floor in the course of many ages, build up a new
deposit of limestone. The animals most active in this work of

limestone building are extremely small. The greater part of a

lump of chalk, which like limestone is made of the shells of

animals, is composed of tiny shells of minute creatures known
as globigerinae (Fig. 48). These shells can be detected in fhe

chalk by powdering a piece of chalk from a chalk-pit and

shaking up the powder in water. This causes the finest par-

ticles to become suspended, and these can be poured off. The
sediment which remains behind, when examined under a micro-

scope, looks like Fig. 47.



loo ELEMENTARY PHYSICS AND CHEMISTRY.

To BE Remembered.

The fur on the inside of a tea-kettle consists of chalk deposited

from the water. Boiling expels carbonic acid gas (carbon dioxide),

and leaves the water unable to hold dissolved chalk.

Some limestones, as well as stalactites and stalagmites, are formed

in much the same way as the fur inside a kettle. Water running

through crevices in the earth dissolves carbon dioxide, and then dis-

solves chalk from the rocks over which it passes.

On reaching the surface again some of the gas escapes and the water,

no longer able to hold the chalk, deposits it. Sometimes thick sheets

of limestone are gradually formed ; they are known as travertine, or

if the deposit takes place from the roof of a cavern, it is known as a

stalactite.

The microscope shows that some limestones and chalk are made up

of the shells or skeletons of tiny animals.

Exercise XVIII.

1. How would you show that the fur of a kettle is similar in com-

position to chalk ?

2. Explain clearly why " fur " appears on the inside of tea-kettles.

3. What are the various ways in which limestones are formed ?

4. What is a stalactite, and how is it formed ?

5. Describe what is seen when chalk is examined under a microscope.

6. What is the condition of water after it has been well boiled?

Give reasons for your answer.

7. Which water is the harder, that from springs rising out of chalk,

or from springs rising out of hard rocks such as slate ?

LESSON XIX.

NATURAL CHANGES IN WHICH CHALK AND
CARBON DIOXIDE TAKE PART.

PRACTICAL WORK.

Things required. —Whiting. Small quantities of oyster, mus-

sel, cockle, and egg shells ; bath-brick, sand, pipe-clay, freestone,

stone from road, blackboard chalk. Samples of limestone.

Test-tubes. Hydrochloric acid. Distilled water. Apparatus
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for preparing carbon dioxide. Carbonate of lime. Flask.

Tripod. Laboratory burner.

What to do.

Water in which carbonate of lime dissolves.—Put a small

quantity of whiting or carbonate of lime into distilled water

and stir it up. Note that it is not dissolved. Pass carbon

dioxide through this water for some time, and observe that

some or all of the carbonate of lime dissolves. By adding

more water and again passing the gas through the whole will

dissolve.

[If distilled water is not obtainable, water which has been

boiled in a clean saucepan for ten minutes and then filtered

will answer the purpose.]

Chalk frofn water.—Take some of the water, which must

be quite clear, from the last experiment, and boil it. Note

the formation of chalk.

Put a piece of clean glass tubing into a kettle used for boil-

ing hard water. Examine the piece at the end of a fortnight

;

it is covered with a whitish coating of carbonate of lime.

Put the tube into weak acid. Notice the effervescence, and

that the glass again becomes perfectly clean.

Different kinds of carbonate of lime.—Procure as many
samples of limestone as possible, and put a drop of acid on

each. Notice the effect.

Take pieces of shells (oyster, mussel, cockle, etc.), freestone,

blackboard "chalk," &%% shells, bath-brick, sand, pipe-clay,

and stone from the road. In each case put a small piece or

quantity into a test-tube, and pour on dilute acid. State the

result in each case and say which you consider contains cal-

cium carbonate.

REASONS AND RESULTS.

How caves are formed.—The solvent action of water contain-

ing carbon dioxide is most strikingly seen in those districts

where the rocks consist of limestone or chalk. In our own

country such rocks occur largely in Derbyshire, Gloucestershire,

Somerset, and Yorkshire. In these districts are to be found

many immense hollows, known as caverns, in the rocks. One

of these, the Peak cavern at Castleton in Derbyshire, is believed

to be 2300 ft. long, and is in some places 120 ft. high. Many
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of these caverns have been hollowed out by water, and large or

small streams still run through many of them.

An examination of the rocks in these districts shows them to

be everywhere full of joints and cracks, and if tested with a

little vinegar or hydrochloric acid, the effervescence or fizzing

which takes place shows the presence of carbonate of lime in

them.

Rain, which has already taken carbon dioxide from the air,

obtains more from the earth, and rapidly finds its way into every

crevice, trickling from one to another. Joining with other

similar streams it meets, it forms a larger stream, all the time

dissolving carbonate of lime from the rocks over which it flows.

In this way in the course of years, underground passages are

hollowed out, which in places may be so enlarged as to make
huge underground chambers.

In limestone districts rivers often disappear partially or entirely

into the earth, coming to the surface again at long distances from

the place where they disappeared.

The water in these districts is usually bright and spark-

ling ; if boiled, carbon

dioxide is obtained

from it, and the water

becomes milky or

turbid on account

of the chalk which

it contains becoming
visible. Kettles used

in such neighbour-

hoods rapidly become
coated with a crust or

fur on the inside.

Petrifying springs,

—Visitors to these dis-

tricts are often inter-

ested by what are

wrongly called petri-

fying springs or wells. Articles such as pieces of wood, birds'

nests, egg shells, etc., left in these springs for a few days are

said to be turned into stone, but what really happens is, that the

water of these springs being saturated with carbon dioxide, can

Fig. 49.—A petrified bird's nest and eggs.
Photographed by Mr. R. Nightingale.
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therefore dissolve much chalk, but on coming to the surface

some of the gas escapes and part of the chalk is deposited on

the article, thus hiding the material of which the thing is made.

It is quite incorrect to say that articles so coated &.y^ petrified

or turned into stone, for on breaking them the original substances

will be discovered underneath the chalky coating. You may
study this for yourself by putting a piece of glass tubing about

three inches long into a kettle used for boiling hard water. At
the end of a week or two the coating formed will hide the glass

underneath.

What becomes of this dissolved carbonate of lime?—The
water of limestone districts finds its way into rivers and finally

carries its burden of carbonate of lime to the sea. What becomes
of it there ?

In a previous lesson it .—^ _^-_t»,^-^. _ .f*^-v^, .^v—

was explained that the

remains of tiny creatures

were even now accumulat-

ing on the ocean floor to _

form what may be, in the *?^ ^*'i^>-^- V % >
future, a bed of chalk or ,

-v': ^^ '

limestone. These creatures ("^
^- ^"^

exist in myriads in some Vv-^'"

parts of the ocean, and it is ^^V.

easy to understand that

they must take from it an
, , 1- IG. 50.—Limestone with fragments ot

immense amount ot calcium shells upon it. From a photograph by

carbonate. In some varie- ^^°^- ^- ^- Watts.

ties of limestone, fragments

of shells of animals which have lived in the sea are easily seen,

as in Fig. 50.

Oyster shells, mussel shells, and in fact the bones and shells

of most of the inhabitants of the sea, consist largely of car-

bonate of lime, the whole of which is obtained from the sea-water.

If dilute acid is poured upon a piece of coral, effervescence

takes place, and you will readily come to the conclusion that

the coral is of the same character as chalk. Hundreds of

islands in the Atlantic and Pacific Oceans are made up mostly

of this substance, while a coral reef 1000 miles long extends

along the North East coast of Australia. This coral consists

of the hard parts of countless animals, which obtained the
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carbonate of lime of which the coral is formed from the waters

of the ocean.

Fig. 51.—Coral consists of calcium carbonate.

Action of carbon dioxide in towns and cities.—Living in towns

we may not be able to observe some of the effects of water upon

the rocks, but even in cities water and carbon dioxide perform

their work of solution.

Statues and monuments are often made of marble, a crystalline

form of calcium carbonate, while some of our finest buildings are

of limestone. Into the air of cities the large number of fires,

and the people and animals who live there, pour carbon dioxide,

which is readily taken up by every shower of rain, so forming

a solution of the gas in water, and it is easy to understand

that the marble monuments or buildings of limestone are

gradually worn away by the rain carrying away portions of

them.

In future it will be interesting for you to observe this action,

especially on any marble monuments you may know of which

have been exposed to the weather for several years.

To BE Remembered.

In districts where limestone rocks occur, the effects of water con-

taining carbon dioxide are very evident.

Such water passing into the earth dissolves parts of the rocks over

which it flows, in some cases forming large hollows or caverns, or

making passages underground into which it disappears.

Rocks which are acted upon by such water, also cause an efferves-

cence when treated with an acid.
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When underground water is highly charged with carbonic acid, it

often loses some of this gas on coming into the air, and some of the

carbonate of lime it contains is deposited upon objects in it, these objects

are not petrified but only coated with the calcium carbonate.

Carbonate of lime dissolved from the rocks is carried by rivers to the

sea, it is taken from the sea-water by the animals living in it to form

their skeletons or shells.

The air of towns, with the aid of the water falling as rain, wears away
buildings or monuments of limestone.

Exercise XIX.

1. Water flowing over some rocks has little action upon them ; how
is this ?

2. Explain how caverns are formed.

3. How is it that in a few years the lettering on some tombstones

becomes indistinct ?

4. What does petrified mean? A kettle used for several months

becomes coated with a hard stony substance inside. Has it become

petrified ? Give reasons for your answer.

5. Carbonate of lime is very abundant in some river waters, but there

is not so much in sea-water. Account for this.

LESSON XX.

MORTAR.

PRACTICAL WORK.

Things required.—Slaked lime. Angular sand. Plates. Mor-
tar from an old building. Hydrochloiic acid. Plaster of Paris.

Hydraulic cements. Piece of glass tubing. Wineglass.

What to do.

Slaked lime and sand.— Mix some powdered slaked lime

and water into a thick paste ; let it stand on a dinner plate or

piece of slate for several days. Perform a similar experi-

ment with sand only.

How to make mortar.—Mix together some slaked lime in

fine powder with three times as much angular, or sharp, sand.
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Mix this into a stiff paste with water, and allow to stand for

several days.

Presence of lime in new mortar.—Put a little of the mortar

you have made into a wide test-tube ' or wineglass
;
pour

dilute acid upon it.

Crush another sample and shake it up in distilled water.

Filter the hquid. Blow air from the lungs through the water

by means of a glass tube. Notice that it turns milky, showing

that the water contains lime from the mortar.

Abse?tce of lime in old mortar.—Repeat the last experiment

with mortar from the outside of an old building. Note that

the effervescence is brisker. Why ? The solution does not

turn milky, because it does not contain lime.

Plaster of Paris is not a carbonate.—Repeat the last experi-

ment with plaster of Paris. There is no efferv^escence on

treating with acid. This solution is not turned milky when

blown through. Why ?

REASONS AND RESULTS.

The manufacture of mortar.—Mortar, which, as every school-

boy knows, is used to bind together bricks and stones in

Fig. 52.—Mortar is made by mixing slaked lime and sand.

building houses, is made by thoroughly mixing together slaked

lime and sand.
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Sands composed of sharp angular fragments are best. About

three times as much sand as there is slaked lime is used, and

after mixing the two constituents the mortar which is thus made

is ready for use.

How the mortar is used.—A thin layer of mortar is spread

evenly over the surface to which the brick or stone is to be

fixed, and the brick or

stone is pressed down
upon it so as to press out

some of the water which

may be in the mortar. As
the remaining water in

the mortar evaporates, the

layer of mortar becomes

harder and harder. But ~_-w cSr^^"^ ^^
the setting of mortar is

^
quite different from the

mere drying. A chemical Fig. 53.—Moitar is used wet.

change also takes place.

The setting of mortar.—You have already learnt that the

atmosphere always contains a certain amount of carbon dioxide

gas. You also know from the experiment of shaking together

carbon dioxide and lime-water, that the lime in the lime-water and

the carbon dioxide in the vessel unite together to form a white

precipitate of chalk. It is to these facts that the setting of

mortar is due. The lime in the mortar, and the carbon dioxide

in the air continuously, though slowly, unite together to form

chalk or calcium carbonate, and this combination eventually

converts the outside of the layer of mortar into a hard stony

mass.

But it takes a very long time for this change to penetrate far

into the mortar. Even after twenty or thirty years an examin-

ation of the mortar in the middle of a wall shows that the Hme
in it has not undergone any change. Still, the more the lime

of the mortar combines with the carbon dioxide of the air the

harder the mortar becomes, and the stronger the joint it

makes.

In short, you may say, the setting of mortar is due to the

combination of the lime in it, with the carbon dioxide in the air,

to form calcium carbonate.

How this change in mortar may be recognised.—To convince
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yourself that the change described in the last paragraph really

does take place, you must make use of another fact you have
learnt from an experiment in a previous lesson. When an acid

is dropped upon chalk or any other form of calcium carbonate a

brisk effervescence at once takes place, and, as you have also

seen, this is the test made use of by the geologist to recog-

nise limestones.

Consequently, then, if you take some mortar from an old

building and pour acid upon it, you ought, if there really has

been such a change as described in the last paragraph, to get

plenty of fizzing. If you perform the experiment you will find

that this does happen.

Why freshly plastered rooms remain wet for a long time.—The
plaster with which the walls of rooms are covered to make them
ready to receive the wall-paper is very similar in its composition

to mortar. You know very well that if the wall-paper is put on

before the plaster is thoroughly dry, the paper is soon spoilt.

You have noticed, too, most likely, that in new houses, rooms

are often not papered until they have been lived in for some
time. This is because the plaster takes so long to dry. The
reason of this is a chemical one. It will be necessary to recall

several things you have learnt before. The slaked lime contains

quicklime and water, or,

Slaked
'^

J.
made quicklime and water.
of

Secondly, carbon dioxide unites with quicklime to form calcium

carbonate, or,

Calcium „ •, carbon , „„:„ui:^«
, , made j- •, and quicklime,

carbonate . dioxide
ot

Now, there is slaked lime in the plaster on the walls, and the

carbon dioxide in the air comes into contact with it. The gas

unites with quicklime to form chalk or calcium carbonate, but it

does not want the water which the slaked lime contains. The
water is consequently turned out and this is why the plaster

remains wet so long, or,

„, , J ,. unites , ,• •, to calcium carbonate
Slaked hme ^-^^ carbon dioxide

^^^^ ^^^ ^^^^^_
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How to hasten the drying of plaster.—Since the drying

depends upon the chemical action of the carbon dioxide, it

is a common plan to burn charcoal, coke, and other substances

containing carbon in the room where the damp walls are. The
carbon dioxide which is formed by the burning of the fuel is not

allowed to pass up the chimney, but to escape into the room.

The large amount of carbon dioxide which the air is thus made
to contain hastens the necessary chemical changes, though
if the hardening goes on too quickly cracks are often

produced.

Plaster of Paris.—Plaster of Paris and cements must not be

confused with mortar which is made of sand and lime ; tJiey

are quite different in compositioti and do not contain carbonate

of lime.

Plaster of Paris made into a stiff paste with water soon sets

quite hard, and is used for giving a smooth, white surface to

ceilings and walls of houses.

For constructing the walls of docks and the foundations of

bridges, hydraulic cement—a kind of mortar which sets under

water— is used.

To BE Remembered.

Mortar, used for holding bricks and stone together, is made by

mixing about one part slaked lime with three parts of angular sand into

a thick paste.

The setting of mortar is due to the combination of the lime in it

with the carbon dioxide in the air to form calcium carbonate.

When the carbon dioxide of the air unites with the lime in the

mortar, water is set free. Thus

Slaked unites carbon to calcium ,

lime with dioxide form carbonate
'

But the carbon dioxide only requires the quicklime with which to

form chalk, and the water is set free.

By producing a quantity of carbon dioxide in a room which has been

freshly plastered, the combination of this substance with lime in the

plaster goes on more quickly, and the walls dry more rapidly.

Exercise XX.

1. How is mortar made ?

2, Which constituent of the air is most essential to the proper

setting of mortar ? How does it act ?
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3. What method is often adopted to hasten the drying of the

walls of a new house ? State clearly the reason for adopting the method

you suggest ?

4. How would you account for the " damp" often seen in the walls

of a new house ?

5. How may it be demonstrated that the mortar from the walls of an

old building is different in composition from that of a new building ?

6. How would you show that plaster of Paris has not the same com-

position as mortar ?



INDEX.

Acids, action on carbonates, jj ;

action on shells, 76 ; action on

washing soda, 76 ; further study

of action of, on metals and car-

bonates, 76-79.

Air, active part of, 14, 15 ; and

water, 19 ; breathed out, contains

carbon dioxide, 80 ; contains car-

bon dioxide, 81, 83, 86-89; in-

flammable, 24 ; search for active

part of, 15.

Area, measurement of, 3.

Baking-powder, action of water on,

Balance, 4 ; of nature, 88.

Balloons, soap-bubble, 36.

Barometer, 6.

Blowpipe, oxyhydrogen, 45.

Bread, holes in, 78.

Breathing and burning, 79-85

;

change character of air, 81.

Breathing, is really a kind of burn-

ing, 82.

Burning, 81 ; and breathing, 79-85

;

and rusting, 14 ; of a candle, 15 ;

of coal-gas, 15; of hydrogen, ^50-

45' 43 ; of oil, 15 ; of phosphorus,

15 ; of limestone, 56.

Calcium carbonate, "j-j ; different

kinds of, loi.

Carbon, in plants, 87.

Carbonates, action of acids on.

Carbon dioxide, 69 ; action of, on

lime-water, 72, 73 ; action on

monuments, 104 ; dangers of, 84

;

in breathed out air, 80, 82 ; in the

air, 86-89 1 in water, 86 ; is an

acid, 72 ; is heavier than air, 71

;

preparation of, 70, 73 ;
produced

b}' fermentation, 73 ;
produced in

burning of candle, oil, gas, and

wood, 79 ;
properties of, 71, 73 ;

uses of, 74.

Caves, how formed, loi.

Chalk, action of acids on, 59, 61,

67-69 ; action of acids and heat on,

compared, 69 ; action of heat upon

it, 54-58, 63 ; action of water on,

58 ; and lime compared, 58-62
;

change produced by heating, 55,

56 ; conversion into lime, 63 ; does

not dissolve in water, 59 ; from

spring water, 96 ;
gas produced by

action of acids on, 59, 67, 70-75 ;

loses in mass when heated, 63, 64

;

loss of mass when acted upon by

acid, 67, 69 ;
physical characters

of, 54, 55 ; seen under micro-

scope, 99 ; substances like, 55 ;

test for, 68 ; what it is made of,

96.

Classes, of things, i.

Condeasation, 9.
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Convection, 13 ; currents, 13.

Coral, 104.

Crystals, 8 ; deliquescent, 9 ; ef-

florescent, 9 ; soda, 9; sulphur, 9;

rock-salt, 9 ; waterless, 9.

Density, 4 ; of solids, 5.

Deposit, of chalk at bottom of

ocean, 99.

Displacement, upward, 39.

Distillation, 9.

Explosion, of mixture of air and

hydrogen, 36.

Evaporation, 9, 17.

Flame, of hydrogen, 36 ; is intensely

hot, 44.

Foot, 3.

Funnel, use of acid, 33.

Fur, inside a kettle, 97.

Gases, 2 ; soluble in water, 7.

Globigerina, 99.

Gram, 4 ; multiples of, 4 ; parts

of, 4.

Hardness, how got rid of when per-

manent, 93 ; how got rid of when
temporary, 93 ; measurement of

with soap solution, 91 ; of sea-

water, 91 ; of water, 90, 91 ; per-

manent, 92 ; temporary, 92

;

reason for getting rid of, 94.

Heat, and temperature, 11 ; capacity

for, 12 ; effects of, 6 ; latent,

13 ;
quantity of, 12 ; specific,

12.

Hunger, 83.

Hydrochloric acid, 33.

Hydrogen, 24 ; action of, on metal

rusts, 46-49 ; action on heated

copper oxide, 47 ; burning of, 40-

45 ; flame of, 36 ; is lighter than

air, 35 ; is neutral, 39 ; may be

dangerous, 31 ; obtained from

iron and acid, 77 ; on burning

takes oxygen out of the air, 42,

43 ;
physical properties of, 37

;

preparation of large quantities, 31,

32 ; properties of, 34-40 ; turned

out of water by sodium some-

times burns, 27 ; will not support

combustion, 39.

Hygrometer, 10.

Ice, density of, 11.

Inch, 3.

Iron, action between water and, 21 ,

action of hydrochloric acid on,

7^ ; action of sulphuric acid on,

76.

Joints, in limestone, 102.

Kali,
'J'].

Leaks, how to test for, 32.

Length, measurement of, 2 ; stand-

ard, 2.

Lime, absence of, in old mortar,

106 ; acids cause no fizzing with,

59 ; action of water on, 58, 59

;

and chalk compared, 58-62 ; dis-

solves in water, 59 ; increases in

mass when water acts on it. 60

;

presence in new mortar, 106

;

slaked, 60 ; takes up water which

cannot be easily driven off,

58.

Limekiln, 57.

Lime-light, 45.

Limestones, 95 ; burning of, 56

;

how formed, 98 ; made of shells,

103 ; some formed in the same

way as the fur in the kettle, 97

;

test for, 68.

Lime-water, 61.
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Liquid, formed by burning hydro-

gen. 41. 43.

Liquids, 2 ; soluble, 7 ; which do

not mLx, 7.

Litre, 3.

Mass, 4 ; measurement of, 4.

Matter, i.

Metre, 3 ; divisions of, 3.

Mortar, 105-109 ; how change in,

may be recognised, 107 ; how to

make, 105 ; how used, 107 ;

manufacture of, 106 ; the setting

of, 107.

Natural waters, how they become

hard, 93.

Nature, balance of, 88.

Oxygen, 15 ; from plants, 86 ;
pre-

paration of, 15 ;
properties of, 16

;

mixture, 16.

Percentage, loss of mass when chalk

is heated, 65.

Plants, another way of regarding,

88 ; contain carbon, 87 ;
get rid

of carbon dioxide in air, 87 ;
give

out oxygen, 86 ; in sunlight and
darkness, 87.

Plaster, how to hasten drj-ing of,

109 ; of Paris, 106, 109 ; on walls

remains wet for a long time,

108,

Potassium chlorate, 15.

Pound, standard, 4.

Quicklime, 56.

Rusting, and burning, 14; of iron,

14-

Salt, obtained by evaporating sea-

water, 53.

III. ,

Science, the study of, i.

Seidlitz powder, the gas from,

n-
Senses, i.

Soap, solution, 90 ; as a measure-

ment of hardness in water, 91.

Sodium, 25, 26, 27 ; action on
water, 26, 28 ; drives hydrogen

out of water, 26, 28 ; how to

collect the gas it turns out of

water, 28.

Sodium carbonate, 77.

Sohds, 2 ; soluble and insoluble,

7-

Solution, 7, 17 ; no loss of mass in

simple, 8 ; of things in acids, 8 ;

saturated, 8.

Springs, petrifying, 102.

Stalactites, 97.

Stalagmites, 97.

Steam, latent heat of, 13 ; what
happens when it passes over red-

hot iron, 24.

Stuffs, common, 2.

Temperature, and heat, 11 ; com-

pared with water-level, 11.

Thermometer, 6 ; fixed points of,

7 ; liquid in, 6 ; two common
kinds of, 7 ; wet and dry-bulb,

10.

Travertine, 97.

Tufa, calcareous, 97.

Volume, 3 ; measurement of, 3.

Water, action of cold iron upon,

23 ; action of heated iron upon,

23 ; always in air, 10 ; amount of

dissolved material in natural, 52 ;

and air, 19 ; as a solvent, 20

;

boiling point of, 17 ; changes in

volume of, 10 ; characteristic

properties of, 17 ; chemical pro-
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perties of, 20 ; composition of,

25, 47-49 ; density of, 18 ; dis-

tilled, 10 ; freezing point of, 17 ;

hard and soft, 90-94 ; into which

sodium is put undergoes a change,

29 ; is formed as hydrogen burns,

43 ; is not combustible, 18

;

maximum density of, 11 ; natural,

50-53 ;
physical properties of, 19 ;

rain, 10 ; sea, 52 ; spring or tap,

SI-

Wax, melting point of, 17.

Yard, 3.

Yeast, 78.

Zinc, action upon acids, 30 ;
granu-

lated, 32.
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