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RE F A CE First year college chemistry courses have come to mean many
different things to different people. The diverse backgrounds
of entering college students and their varied purposes in taking the course have
created problems for instructors and textbook writers alike. As teachers with
combined experience of over thirty years, we have long been interested in these
problems. This textbook is our attempt to find a solution. Its originality lies more
in the integration of ideas, principles, and theories than in a new selection of
topics. This book is designed to serve that wide range of students who come to
their first year college chemistry course with only an average or no high school
chemistry background. Additionally, there is sufficient versatility of material so
that this text can meet the needs of the students who will follow their first course
with courses in organic and analytical chemistry as well as those students taking
first year chemistry as a terminal course.
The text is divided into four broad areas:

Part 1. Elementary Ideas

Part 2. Chemical Structure

Part 3. Chemical Dynamics

Part 4. Chemistry in the Service of Man

The fundamentals of chemistry are covered in Parts 1, 2, and 3. Part 4 is a
special topics section that can be utilized, at the discretion of the instructor, either
as collateral material as the underlying principles are developed or as independent
study for the better student. The section can even be eliminated entirely without
loss of critical principles.

The objective of our approach is to emphasize relationships among important
chemical principles. Students who have had no previous course in chemistry
should experience little difficulty in grasping the fundamental concepts because
mathematical sophistication is not a goal nor is it assumed on the part of the
student.

We have tried to make the coverage truly general. We have therefore included
some concepts that are not usually covered in a freshman text. These are included,
not because they are new or unusual, but rather because they aid in understanding
and in giving the student a better idea of the scope of chemistry. Some such
concepts are molecular symmetry and stereochemistry, polymer structure, reaction
mechanisms, nuclear and chemical technology, and chemicals that affect life. By
the same token, we have omitted some concepts traditionally covered where our
experience has convinced us that they are neither essential nor helpful to the
student’s grasp of fundamental principles and facts.

Three concepts omitted are gram atomic weight, equivalent weight and its
associated concentration term normality, and electronegativity. We feel that these
ideas are more confusing than helpful to the beginning student. If one takes the
broad view of the mole concept, then surely the idea of a mole of atoms need
not be obscured by the introduction of gram atomic weight. Equivalent weight
was an interesting early solution to the historic problem of obtaining relative
atomic masses. However, the use of equivalent weights in our opinion creates
unnecessary confusion in dealing with the far more important concept of atomic
weight. Normality, while a convenient concentration term in the analytical labo-
ratory, is certainty a nonessential for beginning chemistry. The concept of electro-
negativity appears to be passing out of the vocabulary of research chemists.
Although it does possess considerable explanatory utility, beginning students are
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often too prone to seize upon electronegativity as the ultimate explanation for
all phenomena. We, therefore, have used the directly measurable quantitative
properties of ionization energy and electron affinity to develop the qualitative
idea of the relative ability of an atom to attract electrons without reference to
the pseudo-quantitative concept of electronegativity.

In all numerical examples the correct numbers of significant figures and proper
units have been employed. Significant figures and unit analysis are not discussed
in great detail but the instructor can emphasize them if he chooses. Both of these
topics along with fairly complete discussions of other mathematical skills are
treated in Appendix A for easy reference and assignment.

Our approach in Part 1 is to begin with common experience and proceed slowly
in an experimental route through the introductory concepts and language of
chemistry. Our aim in the first three chapters is to define some chemical terms
and to develop the most fundamental ideas upon which atomic theory will be
based. The next three chapters develop kinetic molecular theory through a study
of gases and phase changes. The remaining chapters of Part 1 present a gradual
development of atomic theory culminating in its application to chemical bonding.
Throughout Part 1, we have attempted to provide as far as possible an integration
of these concepts. An approach found in many other books is to present kinetic
molecular theory, atomic structure, stoichiometry, periodicity, and bonding as
separate topics to be mastered independently. We feel that each of these is
understood best in terms of the others. For this reason we have attempted to
develop the concepts of periodicity, atomic structure, and bonding in a parallel
fashion, beginning with the operational viewpoint and leading to the theoretical.
Moreover, these same topics are carried over to Parts 2 and 3 where their devel-
opment and application continue along with the introduction of new concepts.

Part 2 begins at Chapter 13 with a subject that is both fundamental to molec-
ular considerations and interesting to students—stereochemistry. This subject is
a logical extension of atomic theory and bonding and forms one of the pillars
upon which subsequent study of molecular structure rests. The most recent
stereochemical conventions have been adopted.

Chapters 14 through 18 comprise a study of chemical structure that is divided
into covalent, metallic, and ionic bond types. Within each of these bond types,
the role of stereochemistry is examined as a means of relating structure to observ-
able properties. Such ideas as physical properties, chemical energy, and reactivity

_can thus be correlated with structure. Of course, periodicity and atomic and

bonding theory provide the basis.

The general scheme of Part 3 is to present equilibrium as the fundamental
way to view chemical changes. The introductory chapter on chemical equilibrium
serves to link the generalized concept of chemical equilibrium with simple types
of physical equilibria. Le Chatelier’s principle is presented and is shown to be
a necessary consequence of the existence of an equilibrium constant. Separate
chapters cover electrolytic dissociation, oxidation-reduction, acid-base reactions,
and equilibria important in analytical chemistry. Quantitative treatments of weak
acids and bases, buffer systems, and multiple equilibria are considered in detail
in several sections of Chapter 22, but these sections may be deleted in terminal
courses without loss of continuity.

Chemical kinetics is presented in Chapters 24 and 25. The striking differences
among reaction rates and the effect of temperature serve as the starting point.
The idea of mechanism is then discussed as a logical explanation of reactions
and their rates using the kinetic molecular paradigm. Finally, reaction rate theory



is developed from Arrhenius’ early ideas of activation and is refined by a consid-
eration of collision theory.

Chapter 25 uses collision theory as the basis to investigate various chemical
reactions from a mechanistic point of view. Some examples are presented to show
how chemists “tailormake” molecules. The importance of an understanding of
reaction mechanism in this effort is emphasized.

Chapter 26 is a brief introduction to the chemistry of the most important
organic functional groups. It serves to prepare the way for the next chapter, which
is an attempt to deal with life as a complex chemical system. The emphasis is
on how this chemistry differs from simpler chemistry. Life chemistry is thus shown
to be different in organization rather than in principle.

The final chapter of this section treats nuclear reactions. Of special importance
in this chapter is the fascinating story of the scientific revolution that culminated
in the practical use of atomic energy.

Several points that are felt to be novel should be stressed. First, in dealing
with chemical dynamics, organic chemistry is not treated separately from other

“chemistries.” In keeping with the idea that this book is a truly “general” textbook,

reactions traditionally reserved to an organic section are presented where they
serve to illustrate an important principle or merely to show some interesting
chemistry. Likewise, coordination compounds are treated simply as additional
examples of the variety of molecular geometry. Descriptive chemistry is not
isolated from principles because principles in chemistry are not developed in
isolation but, rather, are shown to spring from a consideration of “real” chemistry
and “real” reactions.

Part 4 is an attempt to deal with the interface between the science of chemistry
and its application to modern life. Much has been said and written in recent years
about the need for relevance in science courses. Our response to this concern is
to present some chemical topics that bear directly on man and over which man
has increasingly to make direct value judgments. These topics need not be deferred
to the end of the course. Instead they may be assigned at any time after the
necessary groundwork had been laid.

A suggested sequence for the use of Part 4 as collateral material is as follows:

Can Be Used Any Time

Section in Part 4 Following Chapter
29-1 Nylon 16 Polymers
29-2 Nylon Starting Materials 26 Organic Chemicals
29-3 Sulfur 3 Pure Substances
29-4 Sulfuric Acid 19 Chemical Equilibrium
29-5 Tron from Its Ore 11 Periodic Properties of the Elements
29-6 Sodium and Aluminum * 21 Oxidation and Reduction
29-7 Electrolytic Copper Refining 21 Oxidation and Reduction

6 Kinetic Molecular Theory
29-9 Cryogenic Liquids 6 Kinetic Molecular Theory
29-10 Synthetic Diamonds ~ 6 Kinetic Molecular Theory
30 Chemicals That Affect Life 26 Organic Chemicals

31 Origin of Life 16 Polymers

Reactions
1 Technolo 28 Nuclear
gi E;‘;;r “ 6 Kinetic Molecular Thﬁgory

29-8 Cryogenics
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The mathematical manipulations of Appendix A are designed to allow the
student to acquire on his own the manipulative skills necessary for beginning
chemistry. Students with only minimal backgrounds in algebra should be able
to handle the mathematics in the text after a thorough review of this appendix.

Appendix B gives rules for the systematic naming of organic compounds and
coordination compounds. ‘

Appendix C—*“Qualitative Inorganic Analysis”—is a treatment of the tradi-
tional “qual scheme.” The analysis of some common anions and cations is pre-
sented to serve several purposes: (1) To afford a convenient means for the student
to acquire a working knowledge of some descriptive chemistry, (2) to provide a
direct interaction between text material and laboratory practice, and (3) to em-
phasize the application of equilibrium theory. This section presents both theory
and actual laboratory directions. This material is suitable for use at any time after
Chapter 23.

We wish to acknowledge Ginger Weir for typing the manuscript.

3. B E.
R. D. W.
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