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Inner Transition Elements—f
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PREFACE

This book is intended for the college student taking a first-year course in college
chemistry. Its contents have been selected and organized so that “descriptive”
inorganic chemistry is presented in a manner that emphasizes the application of
physical and chemical principles to the properties of substances. Modern con-
cepts of chemical bonding, atoms, molecules, gases, liquids, and changes of state
are used to expand further the student’s comprehension of both principles and
their applications. This greater depth may be explored with confidence since
high school science courses have been and are constantly improving. Thus we
assume that most students will have had an adequate course in high school
chemistry. Nevertheless, Chapter 1 provides a brief review of the fundamentals
usually covered in such a course.

In this book, descriptive chemistry is discussed in a horizontal fashion. The
topics common to all elements are included under such headings as Monatomic
Anions, Monatomic Cations, Oxyanions, Polymeric Anions, and Metals and Non-
metals. Thus, for example, the oxyanions of metals are treated together with
those derived from nonmetals. We stress the parallel behavior of metals instead
of employing the familiar emphasis on the chemical family.

As a pedagogic device to increase flexibility and scope, additional materials
expanding the discussion of selected topics are presented in the outside columns
and are set off by a distinctive gray background. These supplementary materials
do not affect the continuity of the text; rather, they make available more
detailed and complex materials to the more sophisticated student looking for
intellectual challenge (e.g., the derivation of the Schrédinger equation) and to
the student who requires further assistance (e.g., a different approach to the
mole concept). The subjects given such expanded treatments are selected on the
basis of our teaching experience, where we have noted both those topics arousing
the intellectually curious student and those that students have found difficult.

v



PREFACE

Historical background and industrial applications are reduced to a minimum.
We feel that students will benefit more from historical materials at a later stage
in their studies of chemistry. Commercial processes, governed as they are by
economic factors, do not ordinarily provide good examples of chemical principles;
therefore, we shall discuss only industrial practices illustrative of fundamental
chemistry (e.g., oxidation, reduction, and electrolytic methods).

We gratefully acknowledge the stimulation provided by our students over the
years. Without their challenge our teaching might have drifted into complacent
monotony. We particularly appreciate the helpful comments made by reviewers,
and by our students, on the preliminary edition of this book.

WENDELL H. SLABAUGH
i THERAN D. PARSONS
Corvallis, Oregon
February, 1966
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Most of the material in this chapter should be familiar
to you. We assume that you already have a rudimentary
understanding of mathematics and the elementary prin-
ciples of physical science; but we shall summarize and review
these topics in order to provide a common basis for the dis-
cussions that follow.

1.1 The Nature of Chemistry

Chemistry is a branch of the physical sciences, closely
related to physics and extending into a variety of other
scientific disciplines, from astronomy to zoology. Chemistry
has been studied for hundreds of years, though the era of
modern chemistry probably dates back to about 1800 when
the bases of chemical principles as we know them today were
being uncovered. Fragments of chemistry, such as the
making of glass, salts, acids, and metals, come to us from
much earlier times, but their origins need not concern us
here.

Chemistry deals essentially with the composition and
behavior of the natural world. It is difficult to draw a strict
line between chemistry and the other physical and natural
sciences: for example, biology has now come to rely heavily
on the chemistry of the cell and microorganisms; geology is
partly concerned with the chemical composition of rocks
and minerals; and one aspect of modern astronomy is called
astrochemistry. Consequently, chemistry and contributions
of the chemist may be found in most, if not all the other
natural sciences.

Even though chemistry itself is a broad science, several
basic divisions have developed within it as a result of its
diversity.

Organic chemistry deals primarily with the chemistry of
carbon compounds, many of which are derived from natural
sources. An attractive feature of organic chemistry lies in
the opportunity of creating a host of synthetic compounds
whose properties are unknown until they are made.
Obviously, organic chemistry has nurtured the stepchild of
the biological sciences—biochemistry.

Inorganic chemistry is concerned with the chemistry of
all the elements and their compounds. The metals and non-
metals, their simple and complex compounds, and, since
1940, the synthesis of elements that do not occur in nature

1
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ELEMENTARY PRINCIPLES OF CHEMISTRY

have been the chief concerns of the inorganic chemist. Acids,
bases, and salts are typical inorganic compounds, and the
student presumably has a rudimentary understanding of
these substances.

Physical chemistry deals with equilibrium and thermo-
dynamics of chemical reactions, energy associated with re-
actions, and the structure of molecules. It employs both
classical and quantum mechanics in solving these problems.
In analytical chemistry, the emphasis is on the development
of precise methods of analyzing the chemical composition
of substances and their mixtures. Analysis may be qualita-
tive (what is in it?) or quantitative (how much of each com-
ponent is in it?). The wide variety of electronic equipment
now available has opened up a vast area of study for the
analytical chemist—and has indeed become critically im-
portant in all areas of chemistry.

Many areas closely related to chemistry are outgrowths
of these basic divisions. Chemical Abstracts, a biweekly
digest of original articles concerned with chemistry, divides
chemical activities into several dozen areas, such as electro-
chemistry, metallurgy, microbiology, nutrition, soils, petro-
leum, paints, rubber, and plastics. The impact of chemical
science on agriculture, where fertilizers, plant growth
regulators, insecticides, and animal nutritional supplements
have brought startling improvements, is almost taken for
granted by the public. In industry, we have come to expect
that better synthetic fibers, stronger metals, better foods,
and more effective drugs will be regularly forthcoming. The
interaction of science and the technologies has produced
spectacular results that make it difficult to predict what
will be invented next.

Our study of chemistry will for the most part turn away
from the gadgets, rockets, plastics, and other useful things
that are commonly associated with science by the news-
paper-reading public. We will be primarily concerned with
the fact that chemical science is a major attempt to assess
and understand the physical world in which we live. We will
examine the basic laws of chemistry, and we will try to find
suitable answers to the questions that arise from man’s
curiosity about the world around him. For example, what
holds matter together? How do substances react with each
other? Is there order among the chaos of materials that
composes the universe?

2



