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'PREFACE

AN aromic age calls for a new approach to chemistry. Hence, we are
presenting an entirely new elementary chemistry textbook. Chemistry
for Our Times describes chemistry of today as it affects the citizen.
In it we have interpreted advances in theoretical, physical, and organic
chemistry, as far as they affect the elementary level. By keeping in close
agreement with experimental facts, we have eliminated many errors
that cling to chemistry textbooks by tradition. We have also tried
to strike a balance between chemistry principles and applications of
chemistry.

Understanding the environment, the method of science, and the
applications of chemistry to the life activities of the average citizen is an
important aim in this book. The workaday world of chemistry is never
far away, however, and hundreds of industrial plants and laboratories
were visited in order to incorporate the practical viewpoint.

This book centers about the individual pupil and his activities. It
starts with his immediate environment—air and breathing, water and
solutions—and then swings through the gamut of chemical actions,
progressing gradually from familiar to less familiar experiences. After
the principles have been established, the book concludes with a unit
on the applications of those principles to human problems of food, health,
and peace. " .

The basis of ‘¢chemical progress has always been experimental evidence.
This book is organized around this fundamental principle rather than
theory, such as atomic structure, periodic classification, replacement
activity grouping, or some other basis. All these deductions are included
in their appropriate places, however.

References to books, periodical literature, visual aids, and other
materials used ordinarily only by the teacher are contained in a Teachers’
Manual, available from the publishers.

Weight-weight and weight-volume problems are postponed until
pupils have sufficient practice in using balanced equations and until
the need for solving problems using equations as a tool becomes evident.
At first there is a thorough grounding in percentage, density, molecular
volume, and other simple mathematical operations.

The questions that accompany each chapter are chiefly of the thought-
stimulating type rather than tests of rote memory. The number of
numerical problems is doubled by a simple device, making possible a
wider range of assignments.

vii



viii PREFACE

This book contains enough chemistry to be serviceable as a first
book, in case a student decides on chemistry as a profession, yet it is not
designed specifically for the training of future chemists. Thus, it is suited
to either college preparatory or general chemistry classes.

In keeping with the practical approach, titles such as safety, beauty,
and cleanliness will be found among the chapters. Also, more emphasis
is placed upon the metals themselves than upon compounds of the metals
and properties of the metallic ions. We agree with the findings of com-
mittees that have studied the matter and offer a broad, life-interest
content, at the same time meeting the requirements of recognized
syllabuses.

Within the last generation a new industry has sprung up in the
United States. This is chemistry as big business. Because of its research
program, the chemical industry is bound to develop rapidly. A shift
in emphasis in popular thinking is needed in order to appreciate this
fact. A new set of jobs is open; a new frontier appears for original thinkers.
Moreover, products of chemical laboratories require educated consumers.

A fact about chemistry seldom appreciated is its international aspect.
Ideas that have aided man’s progress have come from all sections of
the world. Truth is not the special heritage of the United States, Germany,
China, England, or any other country. For example, although atomic
(nucleonic) bombs were developed for military purposes in the United
States, all the fundamental scientific discoveries on which this develop-
ment was based were made in other countries. Nature yields her secrets
to all persons who seek them in the proper way.

Further, the location on the earth of natural materials and ores
that are useful to man is without the slightest regard to accessibility
or to political boundaries. The gereral need for raw materials constitutes
a fundamental reason for preserving international peace and for the
free exchange of goods on a global basis. These thoughts are woven
into the fabric of the text.

The development of this book started with suggestions and conferences
with Dr. John A. Timm, now head of sciences at Simmons College,
Boston, Massachusetts. To him the authors are greatly indebted. Dr.
Hanor A. Webb of George Peabody College for Teachers, Nashville,
Tennessee and Dr. Pauline Beery Mack, Director of the Ellen H. Richards
Institute, Pennsylvania State College, State College, Pennsylvania,
have also contributed valuable suggestions.

The authors wish to express their appreciation to the many industrial
concerns that have cooperated in producing this book. Pictures were
furnished graciously by companies in every section of the United States,
and these have added greatly to the interest and understanding of the
text. Many industrial people were very helpful on the manuseript itself.



PREFACE ix

Notable additions to the sections on iron and steel, aluminum, mag-
nesium, petroleum, paper, and safety were made by technical men to
whom the satisfaction of presenting an accurate picture to students
and other readers is ample reward.

Thanks are due also to our colleagues on high-school and college
faculties who have given many helpful suggestions.

Finally, the authors are indebted to their many students who, by
their helpful questions, have guided the development of this book to
meet their requirements and needs.

ErserTr Coox WEAVER
LAURENCE STANDLEY FosTLR
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INTRODUCTION - - - - - - - CHAPTER |

CHEMISTRY AS A SCIENCE

The Chemists are a strange class of mortals im-
pelled by an almost insane impulse to seek their
pleasure among smoke and vapour, soot and flame,
poisons and poverty; yet among all these evils I
scem to live so sweetly that may I die if I would
change places with the Persian King.

—JOoHANN JoacHIM BECHER, 1669.

Science in Action. A quiet woman, simply dressed, is ushered into
the White House at Washington. She is greeted heartily by the President
and First Lady of the United States, entertained at dinner, and presented
with an order for fifty thousand dollars with which to buy radium. Why
should this honor come to a chemist? Why is it that neither France nor
the United States could do enough to honor Marie Curie, who had spent
much of her youth washing bottles in a laboratory for a bare existence
while studying in a Paris university?

A knock is heard at an office door in Cambridge, Massachusetts. A
student, notebook in hand, enters and approaches Prof. Theodore
Richards of Harvard University. Together they go over notes and figures
that represent the results of experiments. A slight error is discovered.
The professor is distressed; the student more so. Why should these
people be concerned about a small fraction of 1 per cent?

The scene changes to the laboratory of a large brass factory. Aproned
men and women are busily engaged at different tasks. One is reading
electrical meters and making notes. Another is comparing the colors of
liquids in test tubes. A third is busy with a set of figures, part of a report.
The chemist completes the report and carries it to the factory manager.
They confer briefly. Both seem in agreement. The manager now gives
orders that the copper recently received is suitable material for his
company to use in making brass. Why is it that the manager can rely
on the work of the chemist?

The well-known story of Marie Curie shows chemistry in service. By
using radium, which she and Pierre Curie discovered, doctors have done
much to check dreaded diseases. Although the chief purpose of the Curies’
work was to find out, to investigate, or to discover, the knowledge they
gained and gave to the world has had direct practical benefit.

1



2 CHEMISTRY FOR OUR TIMES

Prof. Richards’ work helped all chemists. His was another search into
the unknown, pushing back ignorance. His determination of the atomic
weights was just a little more accurate than that of any other chemist
at the time. Such work as his was a big step forward. Each scientist builds
on the work of others, an endless chain of progress.

Science Service

Madame Marie Sklodowska Curie (1867-1934), the only person to receive twice
the Nobel prize in chemistry, was distinguished for her discovery of radium, for her
unusual skill and perseverence, and for being the mother of two distinguished daugh-
ters, one of whom has herself shared with her husband in a Nobel prize.

The chemist in industry has the task of finding out new things—such
things as making threads for hosiery from coal, air, and water or making
suds without soap. Another part of his job is the control of processes,
checking products, and stopping waste. A paint company relies on its
chemists to control the color and quality of its paints. Chemical control
puts better steels in automobiles and railroad cars. Chemical control
produces better gasoline to run cars and airplanes.

Benefits from Science Research. Beautiful colors for clothing,
paper, and leather are now obtained from evil-smelling coal tar as a result
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of science research. Music and entertainment by radio in homes have
been made possible by scientific research on electromagnetic waves and
electrons. Lustrous fabrics of rayon have been the outcome of research
on the nature of woody fibers. The rapid rise of comfortable living during
the past 100 years has been the result of rapid strides in science; many
advantages that we now enjoy are the fruit of scientific investigation.
A dentist injects a little novocain into the gum of a patient. A tooth
now can be pulled without much pain. After a few whiffs of gas a child

Courtesy of Journal of Chemical Education
Theodore William Richards (1868-1929) was the first American to reccive the
Nobel prize in chemistry. He was the top-ranking authority in the world on atomic

weights of elements. In recognition of his outstanding achievements, 13 colleges
awarded degrees to him.

becomes unconscious so that tonsils can be removed or other troubles
corrected. The doctor places a drop of diluted silver nitrate solution in
the eyes of a newborn child, and thereby infection and loss of sight are
prevented. A visiting nurse changes the food of a child who has weak
legs. Soon the child gains strength, and the weak legs are straightened
as vitamin D goes to work. Novocain, nitrous oxide gas, silver nitrate
solution, and vitamin D are all being studied in chemical laboratories.

Through chemical research suitable metals for radio tubes have been
found; metals for stronger, lighter trains and trucks have been developed.
Even the sea has become a commercial source of the valuable light
metal, magnesium.
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The Aim of the Scientist. The person who is scientifically trained
seeks, first of all, to learn the truth about the deep secrets of nature.
He seeks to find out the sort of material world in which people live. He
discovers facts and interprets them. No prejudice or personal feeling is
allowed to enter the work of a true scientist. To the engineer is left the
invention of machines that make use of theories and facts discovered
by the scientist, and to the artist is left the expression of the spirit of the
age in terms of music, painting, or poetry.

Courtesy of Commercial Solvents Corporation and Martin's Photo Shop

Fic. 1-1.—These women are not from Mars but are workers in a penicillin factory.
Much of the work in preparing this modern medicine is done under ultraviolet light in
perfectly sterile air.

A story is told about a scientist and an unpracticed observer strolling
through the fields. “There,” remarked the observer, “goes a white sheep.”

“Yes,” agreed the scientist, ‘‘there goes a sheep that is white on this
side.”

The Scientific Method. Common to all branches of science is the
method of study that is used. This scientific method of solving problems
need not be limited to science alone. Indeed, many problems of business,
law, and government can be solved by methods that are as scientific as
those which led Pierre and Marie Curie to the discovery of radium.

Many persons are working on the problem of the cause and the cure
of the disease cancer. Some workers seek a solution to this baffling prob-
lem through biology; others through chemistry. The final solution will
be pieced together from the results of many different workers.
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While the application of the scientific method will depend upon the
situation at hand, certain general and fundamental steps are followed.
The first step consists in collecting the facts, which may be done in dif-
ferent ways. If the methods of measurement of two scientists differ and
yet the results are identical, we are more certain of the accuracy of the
facts.

In the development of science, the early investigators discovered
many general trends. Later and more careful work in the same field,

Courtesy of E. I. du Pont de Nemours & Company, Inc.

F1a. 1-2.—One of the most significant steps in the protection of passengers against

broken glass has been the development of a satisfactory and efficient safety glass for

automobiles. Chemists have found an improved material for the interlayer between the

sandwich safety glass. This is a modern plastic, ‘‘Butacite,” which is a type of resin.

The picture above shows the continuous Butacite sheeting passing through an air-cool-
ing process.

sometimes with improved tools, has revealed facts obscured or over-
looked at first. A notable example is found in the story of the discovery
of argon. Lord Rayleigh, an English investigator, was checking the
density of nitrogen with great accuracy. He found that the density of
nitrogen prepared from air differed from the density of nitrogen pre-
pared by heating ammonium nitrite by one-half of 1 per cent (0.5 per
cent). The accuracy of his measurements permitted no difference greater
than two-hundredths of 1 per cent (0.02 per cent). From these facts he
later proved that the gas from air was not entirely nitrogen and that
argon as well as some other gases were present in it.

In the city post office a postman has dumped on a table a pile of
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letters for the people who live in his territory. This postman’s first job
is to sort these letters. In this way his load of mail is organized system-
atically, and he saves much time in delivering the letters. Thus, by sort-
ing and organizing the mail, the postman travels a route rather than
going on a ramble. Likewise, a scientist sorts and organizes facts. This is
the second step in the scientific method, organizing the facts. When the
facts are studied, many will be found similar. The similar facts are
classified and organized.

Robert Boyle (1627-1691) studied the effect of changing pressure on
the volume of a given amount of gas. He found that when the tempera-
ture is unchanged (constant) and the pressure is doubled, the volume of
a gas is halved; when the temperature is constant and the pressure is
trebled, the volume becomes one-third of the original volume; and so on.
This relationship he found to be true for all gases, pure substances and
mixtures alike, provided that they were in gaseous form. Organizing the
facts enabled Boyle to glean a general truth: The volume of a certain
amount of dry gas is inversely proportional to the pressure on it, provided
that the temperature is unchanged (Boyle’s law).

After the facts had been collected and organized, Boyle came to the
third step in the scientific method, stating the law. A law depends upon
the facts collected and organized. A scientific law is a sentence describing
the general truth that has become evident by a study of the organized
facts. This statement describes the facts as known at the time, but it
should not be regarded in the same sense as a civil law. If our knowledge
of the facts becomes more complete, it is sometimes necessary to change
the statement of the law.

Scientists explain a law by a theory. This is the fourth step in the
scientific method. Of course, the theory is based on known facts, but all
the details of situations become clearer as the theory points out the way.
Later, it will be shown that Boyle’s law was important in the growth of
a theory. The theory of the nature of all gases is called the molecular
theory of gases. This theory explains Boyle’s law in addition to other
laws dealing with gases. “ A collection of facts is no more science than a
pile of stones is a house.” This saying illustrates the need of organizing
facts and developing a theory to fit them.

Now we come to the fifth steps Suppose we study the method of
numbering rooms in a certain high school. The rooms numbered 100
to 199 are on the first floor, those numbered 200 to 299 on the second
floor, and on both floors 101 and 201 are near the main entrance. We may
now make a good estimate of the location of a room numbered 321. We
have studied the organization of the room numbering, have reached
conclusions, and have used the conclusions for predicting new facts. Just
80 in science, keen minds study the theory, and new outcomes are sug-
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gested. Then comes the critical test of the theory. Are the new facts
found to be as predicted, or are different facts discovered? In the first
case, the theory is strengthened. If not, the theory is shown to need
repair, and repairing it will get. This ability to predict is one of the
remarkable things about science. It gives us more than satisfaction. It
shows us that, by the reasoning processes of the human mind, knowledge
of this universe can be obtained.
A great Russian chemist, Mende-
leyev, once stated in effect,
“Some day you will find element
X, which will be quite like the
description I have predicted for it.
The results of the study of my law
and theory tell me so.” Later
events proved that he was right.
Element X was discovered, and it
was found to be remarkably like
the description predicted (page
325).

Thomas Midgley, Jr., (1889-
1944), discoverer of Freon for
refrigerators and of Ethyl fluid for
gasoline, wrote concerning the
scientific method, “What is this
scientific process? ... To my

Courtesy of Ethyl Corporation
mind the basis of the scientific Fia. 1-3.—Thomas Midgley, Jr. (1889

process is the reproducible expert- 1944) was a pioneer in the application of

. . chemical knowledge to problems relating
ment. Facts are still and probably to automobiles. He was a leader in research

always will be determined by and the inventor of Ethyl gasoline and
vote; . . . in science we require a of a nontoxic, nonflammable refrigerant.

. . “Science is power.”
practically unanimous vote for

establishing a fact. . . . The only fundamental tool at our command for
extending (our) knowledge is the reproducible experiment. This is the
accepted scientific method. . . . 7!

The Value of Chemistry Study. So much chemistry enters our
daily lives that no really educated person can afford to be entirely
ignorant of it. It can mean more to us than a dread of atomic bombs and
of high explosives, more than “magic” tricks from a child’s Chem-set.

The study of chemistry is necessary to the work of doctors, dentists,
nurses, pharmacists, and engineers. A knowledge of some of the funda-
mentals of chemistry enables us to do better in almost any business.
The farmer is directly concerned with chemical changes in plants and

L Chemical and Engineering News, vol. 22, p. 1756, October, 1944.
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animals. In addition, there are many jobs that deal with chemistry
entirely.

But what of the future housewife? Need she feel that studying
chemistry is a waste of time? The modern housewife is acknowledging
chemistry as one of her most efficient household aids. It helps her to cook
intelligently, to give her family good food and a balanced diet, to wash
clothes effectively, to understand clothing fabrics of all sorts, and to
keep her home free from insects. Even in selecting cosmetics, her knowl-

Courtesy of Armour Kesearch IFoundation

Fi6. 1-4.—Here a worker is carrying on research in a bacteriological laboratory.

Chemical training is essential for work of this sort, which helps in the conquest of
discase.

edge of chemical terms and of ingredients guides her in buying healthful
and avoiding harmful products.

0

How to Obtain More Information. Articles on many chemical sub-
jects appear in the Journal of Chemical Education, School Science and
Mathematics, Chemistry, School Science Review, and other magazines.
Many commercial companies issue illustrated pamphlets describing their
products and processes, often including a historical account of the in-
dustry in which they are engaged. When our curiosity is aroused, we
shall want to know more about the world in which we live. This curiosity
can be satisfied by the use of references such as those mentioned.
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Chemistry Deals with Matter. It is fitting that we start our explora-
tion of chemistry with a study of matter. As a guide, let us take the
words of the great Chinese philosopher, Confucius (551478 B.c.):

The ancients who wished to illustrate the highest virtues throughout the
empire first ordered well their own states. Wishing to order well their own
sstates, they first regulated their families. Wishing to regulate their families,
they first cultivated their own selves. Wishing to cultivate their own selves,
they first rectified their hearts. Wishing to rectify their hearts, they first
sought to be sincere in their thoughts. Wishing to be sincere in their thoughts,
they first extended to the utmost their knowledge. Such extension of knowledge
lay in the investigation of things. Things being investigated, their knowledge
became complete. Their knowledge being complete, their thoughts were sincere.
Their thoughts being sincere, their hearts were then rectified. Their hearts being
rectified, their own selves were cultivated. Their own selves being cultivated,
their families were regulated. Their families being regulated, their states were
rightly governed. Their states being rightly governed, the whole empire was
made tranquil and happy.

SUMMARY

New products, processes, drugs, and most of the knowledge of healthful
living are the result of science investigation. Science study has made possible the
use of machines, new means of communication, travel, and many other advan-
tages that we may enjoy.

The scientific investigator seeks to find the actial facts about nature and to
interpret them. He allows no personal prejudice to enter into his work.

The scientific method is a method of approach to problems. It involves five
steps:

1. Collection of facts

2. Organization of the facts

3. Statement of a law

4. Explanation of the law by a theory

5. Prediction of new facts from the theory

The study of chemistry will give us a fund of information about materials
and processes that will be useful in our everyday life.

The student of chemistry should use the public and school libraries to obtain
further information on any subject in which he is particularly interested. The
Journal of Chemical Education and other magazines contain articles gn chemical
subjects. Some commercial companies supply upon request pamphlet® describing
their products and processes.

QUESTIONS

1. State two important characteristics of a scientist.

2. The first step in most investigations is a thorough study of previous work
in the field. Point out the advantage of starting an investigation in this manner.

3. List three items of equipment in your home that could not have been
obtained 100 years ago.
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4. List three fabrics that were unknown a century ago.
6. Point out two examples of the applica.ion of science to relieving pain.

6. State a characteristic that should be lacking among truly scientific
investigators.

7. Give an important objective of the study of science.
8. List the five steps in the scientific method.

9. In Lord Rayleigh’s experiment on the density of nitrogen, how many
times was the experimental difference in density greater than the accuracy of his
measurements?

10. Point out the value of organized classification to a lumberyard.

11. Does nature obey scientific laws, or do scientific laws describe generalities
in nature?

12. Do the statements of scientific laws ever change?

13. What is a theory? How does a theory in science differ from an ordinary
guess?

14. Point out the relationship between a fact, a law, and a theory.
16. Give an example of an abstract word; a concrete term.

16. Make a step-by-step diagram, V-shaped, of the items in Confucius’
saying.

HinT: In answering a question, make a complete sentence that has meaning
without referring to the question. It should not be necessary for the reader to
look back to the question in order to understand the answer. For example,
answers to question 1 could be:

Poor: Interest in truth and no prejudice.

Good: Two important characteristics of scientists are (1) an interest in truth and
(2) freedom from prejudice.

MORE CHALLENGING QUESTIONS

17. Show how the scientific method of approach can be applied to the solution
of some problem in school life.

18. Show how the scientific method of approach can be or has been applied
to some problem that affects your town or city. Iixamples might be water supply,
sewage treatment, and disposal of rubbish or garbage.

19. Write an essay on Confucius.

20. Point out examples of superstitions that have no scientific foundation.



INTRODUCTION -« - - CHAPTER 1

CHEMISTRY A STUDY OF MATTER

The science of chemistry is the study of all the materials of the uni-
verse; especially, it is the study of the processes by which materials can
be changed into more useful ones. Fat is useful for food or fuel as we find
it in nature, but it can also be made into that practical substance, soap.
Coal may be burned as a fuel, or it may be changed into coke, gas, and
valuable by-products. All materials, substances, stuffs can be called more
accurately matter, the subject of our study.

“What is matter?”’ we ask. Here we must hesitate before answering
this simple question.

In order to give a satisfactory definition of a word, we must describe
or explain it in terms that are simpler and more fundamental than the
word itself. If the word for which a meaning is sought is simple and
fundamental, then it may not be easy to find a satisfactory definition.
If, for example, we try to express a clear meaning of the word time, we
soon discover that, the wider our experience, the more difficult it is to
define.

The same problem faces the chemist who attempts to define matter
and the physicist who tries to define energy, mainly because in physical
sciences the ideas of matter and energy are fundamental. The definitions
which we shall now give may be considered as working definitions, some-
thing like a scaffolding from which a more substantial structure can be
built.

Energy comes from a Greek word meaning active and is defined as
capacity for performing work or ability to do work. Matter is something

New Terms

On the first page of each chapter we shall list terms that may be new to you.
If, after studying the text, the meaning of any of these is not clear, (1) consult
the Glossary, (2) refer to a dictionary, or (3) ask your instructor for further
explanation.

matter element alloy

energy compound solid solution
alchemy mixture chemical properties
metal synthesis physical properties
nonmetal

11
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that has weight. Matter may be invisible; for example, air is invisible
and is known to have weight. Matter may be a gas, a liquid, or a solid,
and it may be dense or scattered. It has weight because of the pull of
the earth on it, usually called the pull of gravity. A steam shovel weighs
more than a hairpin because there is more matter, steel, in the shovel
than in the hairpin. Radiations, such as light and radio waves, are not
called matter. They are not subject to the pull of gravity. They are forms
of energy.

Matter and Energy. Matter has mass (weight), and for ordinary
purposes energy does not possess mass (weight). A piece of metal, such

32,000 FT.

y THE WORLDS
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energy a spring would weigh 250
times more than a battery: and
compressed air and tanks, §
times moze than a battery.
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. .,gi,i‘i.f..ﬂ,.:.zl;l R
Courtesy of Eride Battery

Fi1a. 2-1.—A storage battery is a reservoir of dependable power. Enough energy
can be stored in a good storage battery to lift its own weight well over 32,000 ft, or
over 6 miles. This tremendous power is used to perform more than 250 different jobs
for modern industry.

as a sewing needle, is matter. The needle has weight, and it has the same
amount of matter whether it is hot or cold, whether it is in a high or in a
low position, whether it is used as a part of an electric circuit or for sew-
ing. When, however, the needle is hot, is at a high position, or is in an
electric circuit, it has more energy than it has under the other conditions
mentioned because it can do more work. The amount of energy that a
needle possesses does not change the amount of material or matter in it.
The explanation of the needle as a piece of steel, of how the iron for the
steel was obtained from a rusty rock, and of how the ‘“springiness”
(elasticity) is produced belongs in the realm of chemistry—a study of
matter. On the other hand, the explanation of how the needle may be
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made to float on water or of how it may be separated from a haystack
belongs in the realm of physics—a study of energy.

The storage battery in the family automobile is another illustration
that shows clearly the difference between matter and energy and also
the different points of view of chemistry and physics. If we consider
the materials of the battery plates (lead and lead oxide), the rubber
case, the wooden separators, the
liquid (water and sulfuric acid),
and the changes in the lead, the
lead oxide, and the sulfuric acid
when the battery is charged or
discharged, then the study of these
materials is called chemistry; but
if we consider the voltagd and cur-
rent used in charging the battery,
measuring the density of the sul-
furic acid and the efficiency of the
battery as a source of electrical
energy, then our study is called
physics. (See Fig. 2-1.)

The division of physical sci- |
ences into physics, the study of
energy, and chemistry, the study |
of matter, is for convenience. Thix
division is an artificial one becausc
chemical changes are always
accompanied by energy changes.

Primitive I\Ian and HiS . Courtesy of Wadsworth Anthencum
Knowledge of Matter. Primitive FIG 2-2.—This wistful cat was cast in
le took f thei tural bronze in the second century B.c. in
people 10Ok irom their na ural  Jgypt. Notice the clearncss of the details
resources those substances which that have been preserved for more than
were useful to them. At first these 2000 years. (From the J. P. Morgan
. . collection.)
natural materials consisted of
wood, stones, animals, and plants that helped meet the fundamental needs
for food, clothing, and shelter. Later, tools and weapons were sought from
natural materials, also clay for pottery, and fats and oils for fuels. A great
forward step in mankind’s development was made when the first streak
of red-colored iron oxide was used to decorate a pottery jar or to orna-
ment a crude sketch on the walls of a cave. Later the noble metals,
silver and gold, which may be found lying about on the ground if one
looks in the right place, were used for ornamentation.
Still later, people discovered how to obtain useful metals from ores
in which the metals are combined chemically with other substances.
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Records and remains of 5000 years ago show that copper, lead, tin,
mercury, zine, and iron were obtained from ores and that useful mixtures
of metals called alloys were made by melting two or more metals together.
Brass (copper and zinc) and bronze (copper and tin) are examples of such
early alloys. (See Fig. 2-2.) Swords and tools of fine steel were made in
the ancient Syrian city of Damascus about 350 B.c. Today many primitive
tribes in Africa are forgers of iron, an art they have inherited from
antiquity without aid from outside civilization.

In Egypt in very early times there were many experts in practical
skills. In Egyptian temples were found articles and carvings that show

oa?t-rwm ovTe) -~

) , A
—~ “ °"l w0y (su_,“e- ua.rru"rw 1o~
WI ‘q‘ov., Lyocw eq ALOC m}\n f \b%f&fﬂ\
Courtesy of General Ceramics Company

F16. 2-3.—Byzantine chemical apparatus of the third century a.p. shows some resem-
blance to the apparatus of today. This equipment was used for distilling.

that the priests were skilled craftsmen. They tanned leather, made glass,
pottery, and enamels, colored the surface of metals to imitate gold, and
made dyes and drugs from vegetable materials. These forerunners of
chemists, however, were not much concerned with the question, ‘“ What
is matter?”’ They worked with matter and developed highly technical
processes, but ideas on its composition were not brought forth until many
years later.

The Greeks. For a few centuries Greece was the cultural center of
the ancient world. The Greeks, however, were not primarily workers or
doers. Once a problem had been solved by thinking it through, it seemed
to them unnecessary to test the solution by actual trial.

The ideas about the fundamental nature of matter that the Greeks
developed came in part to them from the country that is today called
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Syria and also from the Far East, India and China. Some Greek thinkers
believed that all matter was made of a single fundamental material, or
materia prima. Several such prime materials were suggested, and four
were generally accepted: earth, air, fire, and water, the ‘“‘elements” of
those ancient days. (See Fig. 2-4.) Such a view seemed reasonable; for
if wood is burned, earth remains in the ashes, smoke goes into the air,
fire is seen, and drops of water appear for a short while at the ends of the
sticks of wood.

One of the greatest of the Greek thinkers, or philosophers, was
Aristotle (384-322 B.c.). He was a
collector of all the information known
to the ancient world. Since his writings
were the only extensive source of
knowledge available to many people,
they were considered absolutely
reliable for centuries. Many arguments
were settled by the words ipse dixit
(he himself said it); for if a statement
was found in the writings of Aristotle,
it was considered true without further
question.

Among the teachings of Aristotle . . ‘
we find one that considered earth, air, ;. P;:Eﬂﬁﬁtiﬁ;éﬁﬁ?f? ;‘3;%‘;{)3‘1
fire, and water connected to the “clements.” Today we can count
qualities of heat (hotness), coldness, 92 from nature and can synthesize a
wetness, and dryness. Earth was cold few more.
and dry; air, hot and wet; fire, hot and dry; and water, cold and wet. No
one for 2000 years took serious exception to these descriptions, although
air at times may be cold and dry and water hot or cold.

QUESTIONS
1. With what does the subject of chemistry deal?
2. Define matter; energy; substance.

3. Give an example of changing the amount of energy in a watch; in a mill-
pond behind a dam; in a baseball.

4. Define chemastry; physics.

6. List three chemical changes with which primitive man was familiar.
6. What is an alloy? Give an example.

7. List five metals known in ancient times.

8. Name the most prominent person in Greek science.
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9. What was the important general contribution of the early Egyptians to
the progress of science? Of the early Greeks?

10. When the word elements is used in one of Shakespeare’s plays, to what
does the term refer?

The Alchemists. About 25Q B.c. the city of Alexandria, Egypt, re-
placed Athens, Greece, as the cultural center of the ancient world. Here
the famous library of 400,000 volumes was located. Here Ptolemy devel-

Courtesy of Fisher Scientific Company”

Fia. 2-5.—Alchemists are the subjects of many famous paintings. These paintings

are especially interesting because they reveal the same features that are found in a

modern laboratory: production department, sales department, and public press

(pecring through the window). Note also that the apparatus is somewhat like that used
today.

oped astronomy; Herophilus made the first important study of the human
body, and Euclid developed geometry, with which many students have
had a passing acquaintance. Here also was evolved a false logic called
alchemy, practiced by alchemist