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Preface

Beginning chemistry students are known to approach the subject with self-doubt,
for they often come to introductory chemistry courses with little or no background in
science and scant confidence in their technical prowess. Unfortunately, such fears are
frequently borne out by the encyclopedic textbooks beginning students are expected
to digest. Chemistry: Basic Concepts and Contemporary Applications was written with
an eye to breaking down some of the standard textbook barriers to learning chemistry.
| designed the book specifically to satisfy the needs of students who are intimidated by
a surplus of information and seek more integration.

In order to effectively balance the needs of both students and instructors, | spent
considemble time going over each page of the preliminary edition of this book with many
students, while Wadsworth backed up my efforts by consulting more than 120 instructors
about the teachability and coverage of the material. ;

As a result, | have attempted to introduce major concepts in as digestible a form as
possible, presenting only the essentials of each topic and emphasizing explanation over
excessive detail. To tie these concepts to the ‘‘real world,” | have integrated everyday
applications into the text from the first chapter on. Chapter 1, for example, includes
applications of chemistry to medicine; Chapter 2 on atoms discusses the biological con-
sequences of ionizing reactions. Subjects of topical interest are also integrated into the
material in order to make the concepts more accessible to contemporary students. Drugs,
nutrition, food additives, nuclear chemistry, cosmetics, water, and air pollution are among
the contemporary topics discussed. .

In addition to seeking the most palatable way to present the core material to students,
| have introduced several study devices. Key terms are underlined and defined throughout
the text, as well as defined in an extensive review glossary at the end of the book. Review
exercises at the end of each section within a chapter also test the student’s grasp of the
underlined terms and present further review of the section through short-answer questions.
Review of each chapter is provided in the form of a list of chapter objectives followed
by exercises that serve as chapter summary statements. Also, summaries in tabular form
are included throughout the book to provide students with a quick visual review of con-
cepts and their relationships.

For those students and instructors who wish to extend the boundaries of the beginning
chemistry course, | have introduced optional enrichment material in ““Additional topic
of interest” sections that briefly discuss such topics as nuclear fission and fusion, orbital
structure, and shapes of molecules. These self-contained sections are not referred- to in
later chapters and thus allow the instructor flexibility in his coverage.

As a final aid to the student, an appendix at the end of the book includes a detailed
review of the mathematics necessary to grasp the concepts and problems presented in
the text. The appendix presents additional examples of solved problems as well as exer-
cises with unsolved problems for the student to work out. Thus, instructors have the
option of building on the quantitative base in the text, and students with rusty math skills
need not flounder unnecessarily.

My hope is that these learning devices taken together with the substance of the text
will not only help students learn the fundamentals of chemistry but also help them main-
tain a clear focus on the role of chemistry in their everyday world.
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1 Introduction to
the Science of Matter

1-1 From cave man to space man

lightning bolt strike a tree, he must have been awed as the tree burst into flame

and disappeared from view. Undoubtedly he was fascinated by what hap-
pened to the tree. Was the fire a “spirit” that whisked away the tree into an unseen
world? He was also probably puzzled when he observed small ponds of water
disappear in the heat of the sun. Was this disappearance also the work of another
unfriendly “spirit”? He had no way of knowing that the tree had not really dis-
appeared into another world but rather that the tree’s matter had simply changed
into another form. Somewhat similarly the small pond had only evaporated into water
vapor and thus became invisible to the naked eye.

By contrast, science today has given man the sophisticated instruments and
knowledge not only to answer these questions but to use fire and water to advance
his civilization. Unfortunately some of these advances have led to new problems
such as the population explosion and pollution of air, water, soil, and natural foods.
Science has perfected the technology of matter to the point where man has been able
to leave the earth and explore the moon and the space beyond. Never before has man
been able to present a subject with so many fascinating aspects. The contemporary
college student is now able to discover the answers to questions that the most brilliant
chemists of the nineteenth century could not have imagined.

q s the cave man, ages ago, stood at the entrance of his cave and watched a

Development of modern chemistry Chemistry, in some form, began with the
dawn of human intelligence. As man became conscious of the materials of the world
around him, he started to practice a rudimentary form of chemistry, which is
evidenced in the many skills and arts known to the ancient civilizations: the smelting
of iron, the preparation of tile enamels, the production of gold, glass, copper, bronze,
dyes, ceramics, soaps, cosmetics, beer, and so on. The necessary skills to produce
these products were based on experience gained from their accidental discovery.
Because there was little understanding of how and why these changes took place, -
the real science of chemistry could not yet exist.

Atomic theory—from imagination to experimental confirmation During the
height of the Greek culture, about 600-150 B.c., serious attempts were made to give
plausible reasons for the occurrence of certain phenomena in nature. Aristotle, an
outstanding Greek philosopher of this time, theorized the existence of four
elements: earth, fire, air, and water. Democritus, also a Greek philosopher, suggested
that all matter was composed of atoms. These explanations were incorrect. Although
the Greek philosophers gathered observational data and rejected mysticism, they
did not experiment. Much later, in 1802, John Dalton, an English chemist, revived

1



2 Chapter one

Figure 1-1 The experimental equipment of an alchemist.

the theory that matter is composed of distinct particles called atoms, but this time
the concept of the atom was used to explain experimental facts.

Alchemists—wizards of chemical miracles The word chemistry originated in
400 B.C. from the Greek word chémeia, which designated the art of metal working. At
a later time the Arabs added the prefix al. The new word alchemy signified the art of
chemistry in general. Most of the royal courts employed alchemists and had great
faith in their ability to perform chemical “miracles.” Alchemy was a semimagical
speculative science tinged with religious and philosophical ideas. Most alchemists
believed that most metals were coarse, but that gold was “pure” and “noble.”
Consequently they were intensely preoccupied with converting other metals to gold
(see figure 1-1).

About A.D. 300—400 the Egyptians supposedly used sorcery to convert base metals
to gold. Today we know the Egyptian alchemists could not have succeeded because
such a conversion is not chemically possible. Later the Arabs assimilated the Egyptian
civilization with all its arts. Around A.D. 700 the Arabs conquered a large portion of
Spain and introduced many of their arts, including alchemy. In Spain, Geber (721-
766), an Arab physician, claimed that all base metals consisted only of brimstone
(sulfur) and mercury. To make the metal less coarse, the sulfur had to be driven out.
According to the alchemists, gold contained almost no sulfur. The philosophers’
stone was a mysterious substance that men believed would change base metals to
gold. Although the alchemists failed, modern chemists have actually been able to
synthesize gold by nuclear means. Unfortunately artificial production of gold is
more costly than mining natural gold.

Contributions versus goals of alchemy  In addition to their desire to change
metals into gold, the alchemists wanted to discover the “elixir” of life, which they
hoped would serve as a ““cure-all” for physical ailments and permit man to attain
eternal youth. Eventually many alchemists fell into complete disrepute when they
were exposed as pretenders to medical knowledge who took advantage of gullible
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Figure 1-2 Evolution of chemistry

and superstitious persons. However, many other alchemists were sincere in their
scientific interest, and they made two important contributions to the evolution of
chemistry—the experimental approach andthe application of chemistrytomedicine.

Chemistry applied to medicine, then and now Philippus Paracelsus, a
Swiss-born alchemist and physician of the sixteenth century, was critical of both
doctors and alchemists. He persuaded many alchemists that their only salvation was
in the discovery of remedies to cure the sick. By encouraging the use of chemistry in
medicine, Paracelsus initiated -iatrochemistry, a branch of chemistry applied to
medicine (see figure 1-2). This shift of interest resulted in the decline of alchemy.

The beginning of medicinal chemistry is important because our present culture
is so drug oriented. We use pills to put us to sleep, to wake us up, to elevate our
mood, to soothe our “nerves,” and to modify many of our other bodily functions.
Therefore it is essential that we understand the benefits as well as the dangers of
drugs; this can be accomplished only if we know their chemical makeup and their
effects on the body.

Dawn of modern chemistry Around 1700, many scientists believed that a sub-
stance called phlogiston escaped from a material in the form of a flame and caused
that material to burn. In 1774, Joseph Priestley undermined this theory by discovering
oxygen, an essential element in burning. In 1775, Antoine Lavoisier proved the true
nature of burning through experimentation and accurate determination of mass.
The work of these two men marked the beginning of modern chemistry. ‘

Chemistry for a better understanding of the life sciences Much of our
present-day technology is concerned with the production of medicinals, synthetic
fibers, fuels, plastics, and so on. Chemistry is essential in understanding other
sciences and all fields in our technical world—the living as well as the material
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world. Life sciences such as bacteriology, botany, zoology, and physiology have been
radically changed by chemical discoveries in organic chemistry and biochemistry.
Psychology is being profoundly altered as the chemistry of the nervous system is
clarified. The clothes we wear, the drugs and fuels we use, and the foods we eat
have been affected by and are dependent on new developments in chemistry.

In the everyday world the chemist observes nature as he attempts to understand
how it works. How man becomes ill, how medicinals work, why certain chemicals
are poisonous, how hormones may be used to reduce the effects of aging and to
prolong life are only a few examples of the myriad problems chemistry attempts to
solve.

Major divisions of chemistry  Since chemical knowledge almost doubles
every decade, scientists have naturally had to divide the great mass of information
roughly, and somewhat arbitrarily, into major fields.

Major areas of chemistry  Description

Inorganic chemistry Metal and nonmetal elements
Organic chemistry Compounds of carbon and hydrogen and their
derivatives

Biochemistry Living processes in health and disease

Divisions of major areas Description

Analytical Methods for analyzing
Qualitative Methods for identifying the composition and
structure of matter
Quantitative Methods for determining the quantities of the
components
Physical Methods for establishing fundamental laws and theories

The divisions describe more completely the major areas. For example, more
descriptive divisions might be: qualitative organic chemistry, quantitative organic
chemistry, and quantitative inorganic chemistry.

Code used by chemists Like all other sciences, chemistry has its own lan-
guage, which must be clearly and universally understood. To avoid confusion, a
stated principle or a description of a chemical phenomenon must mean the same to
the person whoreads it as it does to the person who writes it. To guarantee an accurate
understanding, scientists agree on restricted and limited meanings for words—
even if the terms aré commonly used.

Our everyday language is filled with words taken from the sciences. For example,
the word compound is defined several ways in the dictionary, but its meaning in
chemistry is definite and restricted. Consequently the successful student of chemistry
must learn the specialized definition of a word or words so that he will be proficient
in the special language of the science.

Definition of chemistry ~ Chemistry is a fundamental science because it deals
with the matter of the universe. Matter is anything that occupies space and has mass.
Chemistry is concerned with the structure, properties, and uses of matter; its changes
in energy and in composition; and its importance in our daily lives. If someone were
to offer you a glass which he said contained a solution of chemicals, would you drink
the substance? On the other hand if someone were to offer you the same glass which
he said contained fruit juice, would you drink the juice? And yet fruit juice is a




