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PREFACE

The world about us presents to our senses an endless variety of natural phe-
nomena, and there is little to suggest to the casual observer any sort of under-
lying unity. Carefu] observations, combined with the processes of rational
thought, have shown that all these phenomena result from the behavior of
different combinations of a few kinds of very small particles. which are pres-
ent in enormous numbers and which obey certain natural laws. The science of
chemistry includes the study of these particles and their combinations with
one another, the laws governing their behavior, and the natural phenomena
resulting therefrom. This is, indeed, a large order, for at one extreme it in-
cludes the phenomena occurring within our own bodies and at another ex-
treme the phenomena occurring in the most distant celestial bodies.

Experiment and theory are the twin pillars on which modern science is
founded. In the ensuing pages we shall stress the importance of each in reach-
ing an understanding of chemical phenomena. It is within an experimental
setting that the meaning of a theoretical concept is revealed, and it is within
the context of theory that an experiment acquires purpose and significance.
Thus each illuminates the other, and together they show the path toward un-
derstanding.

We have written this book to present the science of chemistry as a full-
year course at the beginning university or college level. The approach taken
here assumes that the student is interested in one of the physical or biological
sciences or in an applied field such as agriculture, engineering, or medicine,
but is not necessarily interested in a career in chemistry itself. Most students
who study chemistry at this level are still assessing and reassessing their inter-
ests and goals. This process will be enlightened by acquiring a good overview
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of chemistry. The student who is already inclined towatd a career in chemis-
try will also benefit from this approach.

In principle and practice, chemistry is a quantitative science. At various
points its expression requires a certain amount of mathematics, mainly arith-
metic and elementary algebra. Nevertheless, in-discussing quantitative rela-
tionships the emphasis here is on their physical significance rather than on
their mathematical aspects. To the practicing chemist, even one engaged in
areas seemingly dominated by sophisticated mathematics, the chemistry comes
first—mathematics is only a tool, albeit an essential one.

Subject to the limitation that more advanced mathematics (including cal-
culus) is avoided, we have followed a course designed to present chemistry in
a form acceptable to the serious student—chemistry the way it really is. In
our view, this approach is the most practical in the long run, for it will most
quickly bring the student to an understanding of modern chemistry.

The introductory chapters of this book emphasize macroscopic phenom-
ena. Topics introduced in this section include the different forms of matter
(Chapter 1), stoichiometry (Chapter 2), and the physical properties of gases
(Chapter 3). The kinetic theory of gases is then developed (Chapter 4) both as
a model explaining the behavior of gases and as an introduction to the study
of individual molecules. Energy and related topics, including the first law of
thermodynamics and thermochemistry, are introduced in Chapter 5. In addi-
tion to the inherent importance of all these subjects, they provide the basis for
understanding the behavior of individual particles, and they are a necessary
foundation for beginning laboratory work.

We then turn to the microscopic world. Following introductory chapters
on electrons and nuclei (Chapter 6) and the modern interpretation of their
behavior (Chapter 7), we take up atomic structure (Chapter 8), molecular
structure (Chapter 9), and the interactions of molecules in liquids and solu-
tions (Chapter 10). . o ]

The remaining chapters include a study of chemical equilibria (Chapters
12 and 13), equilibria in redox systems (Chapter 14), and the second and
third laws of thermodynamics (Chapter 15). The topic of chemical kinetics is
explored in Chapter 16; the solid state is covered in Chapter 17. :

Descriptive chemistry is extensively developed in six chapters including a
general introduction (Chapter 11), which provides a change of pace partway
through the chapters on chemical principles, the inorganic chemistry of the
main group elements (Chapters 18 and 19) and the transition metgls (Chap-
ters 20 and 21), and organic chemistry (Chapter 22). It should akso e men-
tioned that a substantial amount of descriptive chemistry is woven into the
preceding chapters on chemical principles in examples of their applications.
We conclude with biological chemistry (Chapter 23) and nuclear chemistry
(Chapter 24). Appendixes include reference materials, basic mathematics, and
concepts from elementary physics. - : -

A word of explanation is in order regarding the treatment of thermody-
namics. We believe that a solid grounding in the concept of energy is an im-
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portant prelude to the study of atomic and molecular structure, and therefore
we have placed the relatively easy first-law topics in an early chapter. The
concept of entropy, however, is more difficult for most students, and we find
that second- and third-law topics are most easily grasped when the student
has first developed an understanding of chemical equilibria.

NEW TO THIS EDITION

Our principal goals in revising this text have been to maintain its accuracy
and clarity of exposition, and to bring the material up to date. Although the
second edition is comprehensive, covering all important topics in general
chemistry in sufficient depth for the student to acquire a working understand-
ing, the book has been kept to a reasonable length so that all the material
can be covered at a comfortable pace in a single academic year.

For the most part, only SI units are used, but we also include certain
other units that are still widely used in chemistry: the liter and milliliter are
used for volume, the atmosphere and torr are most often used as pressure
units, and length at the molecular level is typically expressed in angstrdms.

In general, the organization of the first edition, which we have found to
be a successful one, has been retained. Material on solution stoichiometry has
been added to Chapter 2 as an aid to the early use of solutions in laboratory
work. The discussion of hybrid orbitals in Chapter 9 has been expanded by
including material on hydrocarbons formerly in Chapter 22. The materials of
Chapters 10 and 11 have been interchanged so that the introduction to de-
scriptive chemistry can make use of the discussion of liquids and liquid solu-
tions, particularly the concept of electrolytes. In Chapter 16, the sections on
rate laws and mechanisms have been expanded substantially. An extensive
table of thermodynamic properties of chemical substances is included as a
new Appendix F. The more important equations in each chapter are marked
m color for emphasis.

The number of problems has been' increased by over 60 percent, and the
more difficult problems are now marked in color. Brief answers to all prob-
lems not requiring a discussion or other extensive material are listed in Ap-
pendix H.

SUPPLEMENTARY MATERIALS

A complete Solutions Manual is available, showing in detail how to work each
problem and answer each question. Of course, students are encouraged to at-
tempt each problem on their own, but this supplement is designed to provide
step-by-step assistance where it is needed. An Instructor’s Manual is also pro-
vided, with discussions of the pedagogy of each chapter and sample examina-
tion problems.
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Expressed to four significant figures

Atomic Masses

Based on the atomic mass of Be-2 exactly

Number in brackets denotes isotope of longest known half-life

Name Symbol Atomic Number Atomic Mass
Actinium Ac 89 [227]
Aluminum Al 13 26.98
Americium Am 95 [243]
Antimony Sb 51 121.8
Argon Ar 18 39.95
Arsenic As 33 74.92
Astatine At 85 {210}
Barium Ba 56 137.3
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Name Symbol Atomic Number Atomic Mass

Magnesium Mg 12 24.3]
Manganese Mn 25 54.94
Mendelevium Md 101 [258]
Mercury Hg 80 200.6
Molybdenum Mo 42 95.94
Neodymium Nd 60 144.2
Neon Ne 10 20.18
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Tungsten w 74 183.9
Uranium U 92 238.0
Vanadium \" 23 50.94
Xenon Xe 54 1313
Ytterbium Yb 70 173.0
Yttrium Y 39 88.91
Zinc Zn 30 65.37
Zirconium Zr 40 91.22

(not named
as yet) 106 |263]
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