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PREFACE

IN the preparation of this text the authors have been 
actuated by the feeling that the student should never be 
allowed to get the idea that chemistry is a science that 
dwells inside laboratories and acts chiefly in beakers and 
test tubes. He should be conscious continually of its 
presence about him on every hand, in nature, in the 
home, and in the whirring world of industry. He should 
know that in the past chemistry has been one of the 
great forces which have determined the civilization and 
development of mankind, and should feel certain that in 
the future its importance will not be less. Consequently, 
the authors have tried to bring out the humanistic side 
of the science, to use as far as possible that material 
which is laden with intense human interest because of 
its significance to the race.

Many of the great triumphs of science have been 
achieved as the direct outcome of attempts to further the 
welfare of mankind rather than to advance the cause of 
pure science. Associate with the manufacture of nitrates 
from the atmosphere the thought of its significance in 
helping to solve the food problem of the race, and with 
the manufacture of soda the idea of the utilization of 
by-products and the great saving thereby accomplished, 
and a new element of attraction is added and a greater 
significance given to the subject. The average individual 
is and will continue to be more concerned with things 
which are of vital human interest than with the abstract 
ideas of science, however deep-seated its truths.
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Yet to appreciate this side of chemistry an intelligent 
understanding of fundamental principles is necessary. 
The backbone of the science — so obvious in some of the 
manuals and texts — is still essential to any strong course, 
but can it not be clothed with flesh and blood and made 
a living thing by the inclusion of material snatched fresh 
from the world of common experience ?

To put chemistry into the position that Spanish or Ger­
man assumes to one who has taken up residence in Mexico 
or the Fatherland, i.e. to make it something of interest 
and use for every day, has been the purpose of the authors. 
To this end, much material of an informational character 
has been included; not with the idea that it is " all to be 
learned,” but with the hope that it may prove interesting 
reading and give the proper atmosphere to the subject.

The authors have endeavored to produce a book which 
will not only furnish material, but also teach chemistry. 
That a student may understand, and not merely be able 
to state a principle, the text repeatedly points out the 
way in which reaction after reaction, as it appears during 
the development of the subject, illustrates some principle 
already discussed. No principle is stated which is not 
used afterwards.

Believing that those things are most important which 
are most far-reaching, the authors have made rather more 
of reversible reactions and equilibrium than other texts 
have done. Every chemist knows that this conception 
is of far greater significance to the science than most of 
the principles included in chemistry texts, and that reac­
tions running in one direction are merely a commonly 
occurring special case of a more general principle. The 
idea that under proper conditions reactions are generally 
reversible but that special conditions often make reactions 
go in one way only, is in its simple form not difficult to 
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present to students, and the authors have found them most 
intensely interested in this phase of the subject.

The book endeavors to encourage the student to think 
inductively. His attention is first directed to certain 
experimental facts; the general experience of the race 
along similar lines is then called to mind and the formu­
lation of the law is the last point in the development. 
To use the deductive method in the presentation of sci­
entific truths which have been derived inductively, is to 
fail to present the correct idea of the scientific method, a 
proper appreciation of which will be of as great value as 
anything that may be derived from the study of science.

The authors feel that when chemistry is presented as a 
descriptive subject mainly, it cannot be freed from the 
criticism of “too much memory work in education.” 
Consequently much material found in the older style 
of chemistry texts — " occurrence, preparation, properties, 
and tests,” for each element or compound — has been 
omitted, abbreviated, or given in tables in the Appendix.

Since the order — physics followed by chemistry — is 
reversed in many schools, special care has been taken in 
the earlier chapters to present the subject so fully that 
it shall be clear to the student who has had no previous 
instruction in science.

The text has been prepared primarily for high schools, 
but it may be used to advantage by freshman classes in 
many of our colleges.

In the preparation of this text, the authors have drawn 
freely from other books. Acknowledgment of this fact 
has not been made throughout the text for the reason 
that much of the material has now become common prop­
erty, just as the original authors, now often unknown, 
would have wished.

To the friends, too numerous to be mentioned specifi­
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cally, who have helped in the preparation of this book 
the authors wish to speak this word of acknowledgment 
and appreciation; also to the Scientific American, the 
Thermit Company, Charles Scribner’s Sons, Allyn and 
Bacon, D. Appleton and Company, and Seeley and Com­
pany for permission to use some of the illustrations; and 
to Professor J. N. Le Conte, Mr. H. M. Tenney, and Mr. 
C. R. Keyes for the use of photographs.

THE AUTHORS.
Berkeley, June, 1911.
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CHEMISTRY
AN ELEMENTARY TEXT-BOOK

CHAPTER I

MATTER AND ENERGY

IN everyday life each one of us is constantly coming in 
contact with numbers of different things which leave im­
pressions on us. These impressions we gain by means of 
our senses. We touch a stone and experience a sensation 
of hardness, and of inertia or difficulty in moving it. We 
gain also an idea of its temperature, whether it is warmer 
or cooler than our own bodies. We see its form, size, 
color, and general character; we may note its odor or 
taste, and, in endeavoring to find an answer to many a 
question as to " how,” " what,” and " why,” we gain our 
first-hand knowledge of things. The knowledge which 
we learn from others was, in the beginning, gained by 
means of the senses, also.

By means of our senses, then, we receive impressions of 
the world about us. These impressions -may readily be 
divided into two kinds : those which come to us from 
something which occupies space and is definitely located 
in space, and those which are not so definitely fixed in 
position. A stone or a tree has a definite form and posi­
tion relative to other things near it. Light and heat, 
however, have no form or position and do not occupy 
space. Although the cause may be definitely located, the 
light and heat produced are everywhere about the source

B 1
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from which they come. All things from which we get 
impressions of the first kind have weight. That light, 
electricity, heat, etc., have no weight is proved by the 
fact that a hot, electrically charged body emitting light, 
such as an incandescent bulb, weighs no more than when 
the current is turned off and the light and heat cease. 
Anything which gives us an impression of the first kind 
we call matter; of the second kind, energy.

Matter is anything which has weight or occupies space. 
It is the material out of which all things are made. There 
are many different forms of matter, such as iron, water, 
salt, gold, etc. These different kinds of matter are called 
substances. The world which we know is made out of 
many different substances, and investigation shows that 
the sun, stars, and other heavenly bodies consist of kinds 
of matter similar to those found on the earth.

Energy is not definitely bounded in space, and it has no 
weight. It is of an entirely different nature from matter, 
and may be most satisfactorily defined as the power to do 
work, for in all its forms it possesses this ability. Sev­
eral different forms of energy are recognized : heat, light, 
electricity, magnetism, energy of motion, and energy of 
position. The swiftly moving cannon ball possesses 
energy which it loses when it comes to rest. Water on 
the mountain side, because of its position, possesses the 
power to do work as it runs to the sea, just as a coiled 
watch spring possesses energy which it does not have 
when unwound. Other forms of energy, also, are recog­
nized.

Matter and energy are always associated. In nature, 
bodies always possess more or less heat or other form of 
energy, so that we know nothing of energy except as it 
plays upon matter, or of matter except as it is acted upon 
by energy.
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States of matter. It is commonly said that matter 
exists in three different states, solid, liquid, and gas. 
Water is one of the few substances that exist in all three 
states under the conditions normally present on earth. 
If heat, which is one form of energy, be added to ice, its 
temperature rises to zero without any change of state. 
When this temperature is reached, however, ice melts 
and passes into the liquid condition, and as the heat 
energy is absorbed, no rise of temperature is noted until 
all of the solid has disappeared. Obviously, therefore, 
water equals ice plus energy, or, there is more energy in 
water than in the same weight of ice.

If the addition of heat be continued, the temperature of 
the water rises to 100°, after which a further addition of 
heat changes it into steam, i.e. into the gaseous condition. 
Therefore a gas equals a liquid plus energy. Since these 
relations hold for all substances, it follows that one essen­
tial difference between these three states of matter is that 
weight for weight a liquid contains a greater amount of en­
ergy than a solid and a gas still greater than a liquid.

Further proof of this statement is obtained from the 
fact that when steam condenses or water freezes, heat 
energy is liberated. If we wish to change a solid into a 
liquid or a liquid into a gas, we must add energy to it; but 
if we wish to cause a gas to liquefy or a liquid to solidify, we 
must take energy from it.

Properties. The impressions which matter makes upon 
us through our senses are said to be the properties of matter. 
When, for instance, contact with " blue stone ” or " blue 
vitriol” gives one the impression of heaviness, of definite 
crystalline shape, of blue color and sour and puckery taste, 
we say that it is relatively heavy, has a crystalline form, is 
blue and sour and puckery. These and other impressions 
which we get we say are the properties of the “blue stone.”
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Properties are the marks or signs by which we know sub­
stances. By its signs or properties we realize that we 
have seen this or that particular substance previously, or 
that it is entirely new to us. When we perceive that two 
bodies possess identical properties^ we realize that they are 
composed of the same substances. On the other hand, when 
we recognize that two bodies under the same conditions 
possess different properties, we assert that they are made 
of different substances. Thus, on comparing a piece of 
gold with a fragment of iron, we maintain that they are 
different substances because the gold is yellow in color, 
soft, malleable, and ductile; i.e. it may be hammered out 
into thin sheets or drawn out into fine wire. It is not 
attracted by a magnet and does not change its appearance 
when exposed to moist air. If the specimens which we 
are contrasting are of the same size, the gold seems much 
heavier than the iron, which is gray in color, tougher, and 
less malleable than gold. Iron is magnetic and, when 
exposed to the atmosphere, rusts rapidly.

There are certain properties that belong only to partic­
ular substances. Ammonia has a well-known odor of its 
own, copper a color peculiar to itself, diamond a luster 
that cannot be equaled. Other properties, however, 
may be shared by several different substances. Thus 
there are many kinds of matter which are white, or 
yellow, or heavy, or hard. No two substances have ever 
been found which possess the same set of properties, how­
ever. The peculiar combination of properties by which a 
substance may be recognized, identified, and distinguished 
from all other substances is called the characteristic prop­
erties of that substance. A substance retains its charac­
teristic properties as long as it remains the same substance. 
When it is changed to another substance, the new sub­
stance takes on a new set of characteristic properties.
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Not all characteristic properties are of equal value as a means of
identifying substances. While color 
properties, it is often not sufficiently 
constant. Color depends on the size 
of the particle viewed, on the nature 
of the light falling on the object, on 
the temperature, as well as on other 
conditions. In general, the larger 
the particle viewed and the higher 
the temperature, the deeper is the 
color. Many highly colored sub­
stances appear nearly white when 
finely powdered; e.g. copper sul­
fate. Sea water is dark blue or 
green, yet the foam of the breaking 
wave is white. Mercuric oxid is 
black when hot, and red when cold, 
and many other substances change 
their color entirely with compara­
tively small changes in temperature. 
Green objects are green only in 
white or green light; in red light 
they are black. Blue substances ap­
pear black in yellow light, etc.

Taste and odor are sometimes 
characteristic. In the average per­
son, however, the senses of taste and 
smell are very little educated and 
are likely to deceive.

Pure substances melt and boil at 
definite temperatures; i.e. a solid 
changes to a liquid or a liquid to a 
gas at a definite temperature char­
acteristic for each substance. Hence 
the melting point and the boiling point 
are properties very frequently used 
in identifying substances.

Some substances pass directly

is one of the most striking

from the solid state into a gas without melting; they are said to
sublime, and the process is known as sublimation.
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On solidifying or separating from solution, most solids assume a 
definite crystal form. While crystals are of very many different shapes, 
they may all be regarded as modifications of six different forms, the 
types of which are the prisms and pyramids shown in Fig. 1. Some 
actual crystals are shown in the Frontispiece.

Solubility in water and in other solvents is a very characteristic 
property.

Relative hardness is often of service in determining minerals.
Density, or the relation of mass to volume, is one of the most 

characteristic properties. Mass is sometimes defined as the amount 
of matter in a body. It is a constant quantity. In any given locality, 
weight is taken as the measure of mass, and the terms weight and 
mass are often used interchangeably. By density is meant the amount 
of matter in unit volume; i.e. the mass (or weight) divided by the vol­
ume [d = 7 or V) • When we compare all density determinations 

with some standard, as the density of water, we get relative or 
specific density, often called specific gravity. Specific density is a ratio 
between the density of a given substance and the density of water.

For mercury the density = 13.6 8: , for 1 ccm. weighs 13.6 g.
1 ccm.

For water the density 1 g.
1 ccm.

, for 1 ccm. weighs 1 
13-6 g.

8-

The specific density of mercury = 1 ccm.
1g.

13.6.

1 ccm.
Specific volume, or extensity, is the volume occupied by unit masz 

or weight, generally 1 g. (Sp. Vol. =X, or w) • The variation in 

this property becomes strikingly apparent in the different volumes 
occupied by the same weight of different substances.

The properties of substances change more or less with 
every change in the conditions under which they are 
observed. Some change so slightly that they seem change­
less ; others alter rapidly and to a marked degree. While 
changes in properties under the conditions ordinarily pre­
vailing in any region are relatively small, it is well to 
remember that, to keep the properties of any substance 
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constant, the conditions must be unchanging. We may 
make a general statement to the effect that under given 
conditions the characteristic properties of a substance are 
unchanging and constant in all specimens. This is known 
as the law of properties.

In science a law is simply a general statement of the 
way in which things act. It is based on observation and 
differs entirely in its nature from a civil law or legal 
statute. The latter is passed in order to make all people 
act in the way the law prescribes. A natural law states 
the way in which nature acts. In human society a law is 
first enacted, and then people do as the law states. In 
nature things act in certain definite ways; these actions 
are then noted and set down, and the general statement of 
the action is called a natural law. People do as civil laws 
compel, but nothing ever occurs because a natural law 
forces the event. Natural laws are of value in foretelling 
future happenings only because it has been found by ex­
perience that nature always acts in the same way under the 
same conditions. If we can duplicate previous conditions, 
we feel confident that the same thing will happen in all of 
the to-morrows of the future as happens to-day and has 
happened in all the yesterdays of the past,

SUMMARY

Matter and energy. Our knowledge of the world around us comes 
primarily from our senses. We get certain impressions from 
something definitely located in space and possessing weight. We 
call this matter, the material out of which all things are made. 
The different kinds of matter we call substances.

Other impressions come from something not definitely located 
in space and not possessing weight. This we call energy. The 
different kinds of energy are motion, heat, light, electricity, etc. 
Energy is the ability to do work. In nature matter and energy 
are inseparable.
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Matter passes from the solid to the liquid state by absorbing 
energy, and from the liquid to the gas by taking on still more 
energy. Hence, a gas contains more energy than a liquid, and a 
liquid more energy than a solid. To change a solid to a liquid or 
a gas, we add energy. To convert a gas into a liquid or a solid, 
we abstract energy.

Properties. The impressions which matter makes on us through our 
senses are its properties. Substances are identical when they pos­
sess identical properties. Those properties by means of which we 
recognize, identify, and distinguish a substance are its characteristic 
properties. In general, each substance possesses a group of charac­
teristic properties. Color is not always reliable. Among the 
properties usually reckoned as characteristic are melting point, 
boiling point, crystal form, solubility, hardness, density, and 
specific volume. These may change with changing conditions, 
but the law of properties states that under given conditions the 
characteristic properties of a substance are unchanging and con­
stant in all specimens.

Natural laws. A natural law is a statement of the way things act. 
Nothing ever comes to pass because a natural law compels it. 
Natural laws are of value to us in enabling us to foretell future 
events by what has happened in the past, for experience teaches 
that nature always acts in the same way under the same conditions.

QUESTIONS
1. If we had no senses, what would we know of the properties of 

substances ?
2. If a certain object is inaccessible to the human senses, what can 

we know of its properties ?
3. What forms of energy are possessed by a watch; by a moving 

cannon ball; by an incandescent light bulb ; by dynamite (see p. 16) ?
4. When water vapor condenses and falls to the ground as rain, 

what becomes of the heat ?
5. What are some characteristic properties that differentiate 

sugar from salt; copper from gold; water from alcohol; air from 
illuminating gas?

6. Of the above differences, which could not be recognized by a 
man lacking the sense of sight; of hearing; of feeling; of smelling; 
of tasting ?
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7. What properties are possessed by water at room temperature, 
about 20° ? How are these changed at — 20° ; at 200°?

8. Is it correct to say that a stone falls to the ground because the 
law of gravitation compels it? Is it correct to say that a person pays 
taxes because the state law compels him? If either statement is 
incorrect, how would you change it ?



CHAPTER II

CHANGES

It is not possible to isolate a body so that it shall never 
change in any respect, for conditions cannot be maintained 
absolutely constant. " In the world about us changes are 
constantly taking place. It storms or is fair. Day and 
night and the seasons succeed one another. As the cold 
of winter gives way to the warmth of summer, ice melts 
and changes into the liquid state and is finally dissipated 
as an invisible vapor. Only a return to the former 
condition is necessary to bring back water to its former 
state with all of its properties unchanged. On the other 
hand, when fire sweeps a mountain side, a return of sum­
mer does not bring back the mighty pines and firs that 
fell before it. When ores are smelted, and the metal 
obtained, a falling temperature is not followed by a re­
versal to the former state.”

A piece of iron brought near a magnet becomes a mag­
net also, but when the first magnet is removed, the iron 
is perceived to be unchanged in every way. The same 
piece of iron exposed to moist air rusts rapidly. Removed 
from contact with moisture and air, however, it does not 
regain its original properties, but is seen to possess an 
entirely new set of characteristic properties that are per­
manent. We thus see that some changes are more deep- 
seated than others. Changes of the less permanent kind 
are said to be changes in the condition of a substance 
merely, while the more permanent kind are said to be due

10
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to changes in its composition. This distinction serves as 
a dividing line between physical and chemical changes.

In a physical change the 
substance concerned is still 
composed of the same mate­
rial, and no new substances 
are formed.

Physical changes are 
changes in the condition only 
of a substance, for a return 
of the original conditions 
usually brings back all the 
original properties.

Such changes are treated 
mainly in the study of 
Physics.

In a chemical change the 
substance concerned disap­
pears, and new substances 
with new properties appear.

Chemical changes are 
changes in the composition 
of a substance. A return of 
the original conditions does 
not ordinarily bring back the 
original properties.

Such changes are con­
sidered in the study of 
Chemistry.

Any form of change either physical or chemical is spoken 
of as a reaction, and any substance that changes as a reagent.

Chemical changes. The most characteristic thing about 
any chemical reaction is that it is abrupt and instanta­
neous. The properties of the first substance do not change 
gradually into those of the second substance, nor are they 
replaced one by one. When iron rusts, as the reaction 
proceeds,— slowly, it may be, from particle to particle,— 
the properties of the former substance change suddenly 
into those of the latter. No particle of iron loses its 
magnetic character or its toughness before all of the other 
properties are changed. The dark metallic appearance 
of the iron does not fade gradually into the red color of 
the rust, nor does the density of the metal gradually de­
crease until that of rust is reached. As the change takes 
place in any particle, the transformation of that particle 
is at once complete; and because it possesses a complete 
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set of new properties, we recognize the reaction product 
as distinct and different from the original substance.

While we can recognize a pretty clear distinction between physical 
reactions as one kind of change and chemical reactions as another, 
it must not be supposed that all changes may be classified in one way 
or the other without difficulty. When salt dissolves in water, we have 
evidence that a chemical reaction takes place, yet on most points so­
lution shows itself rather as a physical than as a chemical change. 
Many other instances of the same character might be mentioned.

It must be remembered that any classification is made simply for 
convenience in handling large numbers of facts and is never intended 
to make facts conform to the classification. The classification of our 
knowledge of the world into different sciences, such as geology, botany, 
chemistry, physics, physiology, anatomy, etc., is purely artificial. In 
nature we find no such divisions. A single horse cropping the grass 
in a meadow presents problems in all these subjects.

Mixtures and compounds. If sugar is heated, it may 
be decomposed entirely into charcoal and water. It might 
seem that sugar is composed of nothing else than charcoal 
and water. Yet when charcoal and water are stirred to­
gether, the result is not sugar, but only a mixture of char­
coal and water. From these facts it appears that sub­
stances may be put together in at least two different ways. 
The substance formed in one case is known as a mixture, 
in the other as a chemical compound.

The difference may be further illustrated by bringing 
together iron and sulfur, both finely powdered. When 
they have been intimately mixed, the resulting substance 
does not look like either of the ingredients, yet under the 
microscope small particles of yellow sulfur may be seen 
lying side by side with the dark iron. A magnet will at­
tract and remove the iron, leaving the sulfur. If the mix­
ture is treated with carbon disulfid, the sulfur dissolves 
and the iron is left behind. On evaporating the solvent, 
the sulfur may be recovered. All of these results indicate 
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clearly that both sulfur and iron are present in the mix- 
ture with their properties entirely unchanged.

On the other hand, if the preceding mixture is heated, 
a glow passes through the mass and a chemical reaction 
takes place, resulting in the formation of a chemical com­
pound. To make this compound, both sulfur and iron 
have been used. From the powdered mass, however, it is 
impossible to separate iron by the use of a magnet or to 
dissolve out sulfur with carbon disulfid. Before either 
can be obtained, a chemical reaction must take place in 
which the compound is decomposed. The properties of 
a chemical compound are entirely different from those of 
the substances out of which it is made, and different from 
a mixture of the substances. The complete disappearance 
of one or more substances and the sudden appearance of 
others when chemical reactions take place is one of the 
most striking things in nature.

Mixtures. In making a 
mixture, no chemical reaction 
takes place between the ingre­
dients. Each, substance re­
tains its own properties un­
changed. The properties of 
the mixture are usually in­
termediate between the prop­
erties of the pure substances 
contained in it. The ingre­
dients may usually be sepa­
rated by physical means 
without resorting to chemical 
reactions.

Compounds. In making 
a compound, a chemical reac­
tion takes place between the 
components. The properties 
of the substances used disap­
pear. The properties of the 
compound are different from 
the properties of the substances 
used in making it. A chemi­
cal compound cannot be sep­
arated into its components by 
physical means, but a chemi­
cal reaction is necessary to re- 
cover any of them.

Chemical affinity is the name given to the attraction be- 
tween substances because of which they unite chemically.
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We know but little about it, however. When the result* 
ing compound is stable, we say that the chemical affinity 
between its components is strong. When the compound 
is unstable and decomposes readily, we say that it is weak. 
Increase in temperature tends to lessen the stability of all 
compounds. In some of the very hot stars substances 
seem to be decomposed largely into their simple elements.

How chemical changes are brought about. When sub­
stances are brought in contact, chemical action sometimes 
begins of its own accord and continues without any aid 
from the outside. Instances of this are the rusting of 
iron, the decay of wood, and the " setting ” of cement, 
mortar, and plaster of Paris. In most such cases, at least 
one of the reacting substances is either a liquid or a gas, 
and, in general, it may be said that gases and liquids 
react more readily than solids do. When dealing with 
solid substances, especially, the assistance of some outside 
agency is usually required before chemical action can be 
started. As examples of this, the following instances may 
be mentioned:

1. Energy applied mechanically will sometimes start a 
chemical reaction, as when a gun cap or nitroglycerine is 
exploded by friction, pressure, or a blow.

2. Light sometimes produces chemical action, as in 
photography and in many of the processes accompanying 
the life and growth of plants.

3. Electricity is used to bring about chemical change 
in electroplating with metals, in the extraction of metals 
from their ores, and in many other processes.

4. Solution in water causes many reactions to be com­
pleted almost instantaneously which do not take place 
appreciably when the reagents are dry and in the solid 
state. Baking powder effervesces when brought in corn 
tact with water, but does not when dry.
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5. Heat is an agency very frequently employed to aid 
chemical action. Instances of its use are the combustion 
of wood and coal, the cooking of meats and vegetables, 
and the production of iron, copper, and other metals from 
their ores at high temperatures. None of these processes 
will take place appreciably at ordinary temperatures.

We frequently speak of the speed of a chemical reac- 
tion, meaning by this term exactly what is meant by the 
speed of a train or a race horse; i.e. how much can it do 
in a given time, as a mile a minute. In a similar way we 
speak of the speed with which work is being done, as two 
cords a day or one thousand gallons a minute.

By speed of reaction is meant the amount of one 
substance transformed into another in a given time. 
The higher the temperature, the shorter is the time a 
reaction takes. In general, for every increase in tem­
perature of 10° the reaction speed is doubled. By raising 
the temperature 100° we may increase the speed of a 
reaction more than a thousand fold, so that a reaction 
that might not take place appreciably in years at ordi­
nary temperatures might be completed in a few minutes 
at 1000°. For these reasons chemists believe that any 
reaction that takes place at high temperatures takes place 
also at ordinary temperatures, but often so slowly as to 
be entirely inappreciable. Of the various methods of 
increasing the speed of a reaction, increase in tempera­
ture is very frequently used.

The fact that chemical reactions can be made to 
take place more rapidly under one condition than under 
another is of the greatest significance to the industrial 
world. Since " time is money,” if one manufacturer is 
able to make a product in half the time that it takes in 
another factory, part of the cost of production has been 
saved.
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Reactions spontaneous or forced. Many chemical reac 
tions that require aid in starting, continue spontaneously 
as long as material is present to react. Others cease as 
soon as the external assistance is withdrawn. Instances 
of the first kind are the combustion of wood and coal, the 
cooking of food, the explosion of nitroglycerine, and many 
other reactions with which we shall become familiar later. 
Of the second kind are many of the reactions in which 
heat and light are used. The printing of a picture stops 
when the light is removed, and in electroplating the depo­
sition of metal ceases when the current is shut off. 
Experience shows that reactions which continue sponta­
neously when once started liberate some form of energy as the 
reaction proceeds, usually heat, often light or electricity, 
sometimes mechanical motion. Such reactions are called 
exothermic, a term derived from Greek words signifying 
that energy is liberated. Endothermic reactions absorb 
energy as they proceed; hence they cease as soon as the 
source of energy is removed.

Chemical energy. When heat, light, electricity, etc., 
are liberated in a chemical reaction, the reagents are said 
to possess chemical energy. This chemical energy is set 
free by the reaction and converted into that form of 
energy which is given off during the reaction. Some 
illustrations of chemical energy are shown in Fig. 2.

Decomposition and combination. In many chemical reac­
tions one substance decomposes into two or more sub­
stances, no one of which weighs as much as the original 
substance. Analysis is the name given to reactions of this 
kind, a term derived from Greek words signifying “a taking 
apart.” Synthesis is the name given to reactions in which 
two or more substances unite to form a new substance, the 
weight of which equals the sum of the weights of the rea­
gents. The term synthesis signifies “a putting together.”



Courtesy of the "Scientific American ‘

b Courtesy of the “Scientific American”

FIG. 2. — CHEMICAL ENERGY

The explosion of the dynamite (a) is a chemical reaction not unlike the explosion of the 
gasoline vapor in the cylinders of the automobile (>) which furnishes the energy necessary 
for “ 80 miles an hour.”





CHANGES 17

Compound building. To illustrate the way in which 
substances combine chemically, it may be stated that oxy­
gen unites with sulfur to form an oxid of sulfur, and 
this with water to form sulfuric acid. The latter reacts 
with aluminum to give aluminum sulfate and with potas­
sium to form potassium sulfate. These unite to produce 
alum, and then take up twenty-four parts of water to pro­
duce a crystal of alum. This is a fairly complex inorganic 
or mineral compound, but it is relatively simple compared 
with the products formed in the laboratories of the leaf 
cells, and much less complex than those of the animal 
world. More than seven hundred parts of carbon and 
over a thousand parts of hydrogen, about two hundred 
and fifty parts of oxygen and nearly the same amount of 
nitrogen, together with a little sulfur, seem to be needed 
to make up egg albumen.* There seems to be no limit to 
the process of synthesis.

Limit of analysis. Asa result of analysis, however, we 
soon come to a point beyond which we cannot cause any 
further decomposition. Substances which have not been de­
composed into anything simpler are called elements.]

Elements. Some substances, once considered elemen­
tary, have been decomposed later, as when Davy electro­
lyzed fused " potash and soda lyes ” and obtained the then 
new elements, potassium and sodium. In a similar way 
he obtained calcium from quicklime. Other elements, 
such as chlorin, long thought to be compounds, have never 
yet been simplified.

*The chemical formula (see p. 70) which indicates the composition of 
egg albumen is C720H11340248N218S5.

t In recent years evidence has accumulated indicating that in the 
X-ray tube, and under some other conditions, several (possibly all) of 
the elements undergo some sort of a decomposition. Consideration of 
this fact will be taken up later (p. 403), and it need not affect the present 
conception of chemical elements.
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The substances now recognized as elements number 
something less than one hundred. Those which are found 
most frequently are estimated to occur in the earth’s crust 
in about the proportions given in the following table. 
Only nine elements are present in proportions as great as 
one per cent.

Oxygen 50 % Calcium 3.2 % Hydrogen 1.0%
Silicon 26 % Magnesium 2.2% Titanium 0.4 %
Aluminum 7.3 % Sodium 2.3% Carbon 0.2%
Iron 4.1% Potassium 2.3 % Chlorin 0.2%

All the silver, gold, copper, lead, tin, zinc, nickel, etc., 
known in the world, together with all the remaining ele­
ments, make up less than one per cent of the earth’s crust.

Names of the elements. An element may be named be­
cause of some characteristic property, from the country in 
which it was first found, or for any other reason that 
appealed to the man who first discovered it. The ending 
-ium or -um signifies the possession of metallic properties. 
Gold, silver, copper, lead, mercury, tin, iron, and certain 
other metals have been long known, and although the 
names of these elements do not end in -ium, chemists 
retain the old and commonly used forms. A list of the 
elements generally accepted by chemists is found in the 
Appendix. Several other substances seem to be of the same 
character as the elements listed. They are so rare, and so 
little is positively known in regard to them, that they have 
not been included in the list.

Symbols. In expressing the results of chemical action, 
instead of writing the full names of the elements concerned, 
it is more convenient for some purposes to represent them 
by abbreviations known as symbols. The first letter of the 
name of an element is usually adopted as its symbol. 
Thus, O stands for oxygen, C for carbon, N for nitrogen.
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