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Preface

This third edition of Contemporary Polymer Chemistry, like the two preceding
editions, is designed as an introduction to polymers for students of chemistry,
physics, chemical engineering, materials science, and biomaterials. It assumes a
basic knowledge of subjects taught in university undergraduate programs in the
above disciplines. Specifically, the book aims to broaden the perspective of spe-
cialists in different technical areas to the point where they can appreciate the
scope, importance, and future potential of polymer chemistry and technology.
Thus, in writing this book we have kept in mind the individual who has a sound’
knowledge of basic science but needs to know more about polymers for future
academic research or teaching or for entry into the polymer industry. For this
reason, many topics that are well-known to practicing polymer scientists are han-
dled here from first principles.

More rigorous and more comprehensive treatments exist for nearly all of the
topics discussed in this book. However, few attempts have been made to bring to-
gether synthetic, structural, kinetic, thermodynamic, and use-oriented material
in one volume. Our aim has been to provide a broad, coherent introduction to
modern polymer chemistry and to direct the reader to more detailed sources for
advanced study.

This edition has undergone an appreciable expansion compared to the ear-
lier volumes. This reflects the widening scope of the field and the need to include
recent advances in polymer synthesis as well as to broaden the treatment of poly-
mer characterization methods and the physics and materials science aspects of the
subject. Contributions by new co-author James E. Mark have added consider-
ably to this widened perspective. A number of new topics have also been intro-
duced, including insights into rubberlike elasticity, viscoelasticity, biomimicry, and
the materials science of structure-property relationships. The list of references
for further reading and the study questions, problems, and solutions have been up-
dated extensively throughout the book.

The book is divided into five parts. Part I (Chapters 1-9) provides an in-
troduction to the different classes of polymers and the ways in which they are
synthesized and modified. Individual chapters deal with condensation, free-
radical, and ionic or coordination polymerization, with photolytic, high energy
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radiation, and electrolytic polymerization, polymerization of cyclic compounds,
biological macromolecules, with the ways that synthetic polymers can be modi-
fied chemically, and with polymers that contain inorganic elements. Several of
the chapters in this section have been revised to reflect recent developments. For
example, new sections have been included on molecular weight distributions,
dendrimers and telechelic polymers, polymer surface chemistry, organometallic-
initiated polymerizations, atom transfer radical reactions, polymerizations in su-
percritical carbon dioxide, and inorganic polymers. Thus, the emphasis in these
chapters is on descriptive chemistry, general principles, and synthetic issues. The
material is this section should be understandable to students who have taken un-
dergraduate courses in general chemistry, and organic, inorganic, or biological
chemistry. These chapters form the groundwork for the sections that follow.

Part II (Chapters 10-13) deals with thermodynamics, equilibria, and poly-
merization kinetics. Chapter 10 provides an elementary overview of the under-
lying principles that determine whether a monomer or a cyclic compound will
polymerize or if a polymer will depolymerize. Chapters 11, 12, and 13 deal re-
spectively with the kinetics of condensation, free-radical, and ionic polymeriza-
tions. A unique feature of these chapters is the full derivation of the kinetic
expressions, with every attempt made to explain the underlying principles for
each step. This should enable the treatments to be understood by anyone with a
basic background of third year undergraduate physical chemistry.

Part I11 (Chapters 14-19) covers the physical methods that are employed for
the characterization of polymers. Individual chapters cover “absolute” molecular
weight measurements by osmometry, light scattering and ultracentrifugation; sec-
ondary molecular weight methods such as solution viscosity and gel permeation
chromatography; thermodynamics of high polymer solutions; polymer morphol-
ogy; glass transitions and crystallinity; conformational analysis; and X-ray dif-
fraction techniques. The sections on secondary molecular weight methods,
thermodynamics of polymer solutions, solid state characterization, X-ray scat-
tering, and other physical methods have been expanded to provide more detail
than in the earlier editions. In all these chapters the reader is introduced to the
underlying theory and, where appropriate, to the practical approaches used. Each
chapter provides the basic groundwork for elementary experimental work in
these areas or for further, more detailed, studies.

In Part IV (Chapters 20 and 21) we discuss the engineering aspects of poly-
mer science, including the fabrication of polymers and testing techniques. Here
too, new sections have been added that deal with polymer chain orientation and
materials reinforcement, with the behavior of polymers within fabrication ma-
chinery, and a much expanded section on rubberlike materials.

In Part V (Chapters 22-24) the empbhasis is on the uses of polymers and the
ways in which the polymer scientist can correlate molecular structure with prop-
erties and applications. Chapter 22 provides an overview of how the practicing
chemist intuitively relates molecular structure to polymer properties as a route
to the design of new materials. An addition to this chapter is an overview of how
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the molecular features of polymers become translated into solid state materials
properties. Chapter 22 is one of the most important sections of the book for those
who are encountering polymers for the first time. Chapter 23 gives an account of
the rapidly expanding field of electroactive and electro-optical polymers, a sub-
ject that it likely to be the focus of much research in the future. The treatment in
this edition includes electronically conductive materials and their use in devices,
ionically conducting polymers and their role in advanced batteries and fuel cells,
soft lithography, polymers for lenses and optical waveguides, optically respon-
sive polymers, light-emitting polymers, and polymers for photovoltaic cells. The
last chapter (Chapter 24) deals with the biomedical uses of synthetic polymers, a
topic that continues to grow in importance year by year, and which accounts for
an increasing proportion of the total research effort in polymer science.

Appendix 1 is a brief review of polymer nomenclature, and Appendix 11 is
a compilation of physical property data and uses for a number of commercially
important and research intensive polymers. This latter appendix provides per-
spective and serves as a reference source as the reader encounters new polymers
at different points in the book.

The book may be used in several different ways. We recommend that the
reader should follow the sequence outlined above, although specialized topics,
such as those discussed in Chapters 10-13, might be absorbed best during a sec-
ond reading. However, for readers who prefer to approach the subject from the
viewpoint of properties and uses, we suggest starting with Chapters 1 and 22-25,
and then following the remaining chapters in sequence beginning with Chapter 2.

In writing this new edition we have been helped considerably by a number
of individuals. We are especially grateful to the many users of the earlier editions
who have made numerous suggestions for improvements and to the reviewers
of the manuscript for this edition. Virtually all of their suggestions have been in-
corporated into this edition, including the availability of a booklet of answers to
the numerical questions.

Finally, we are sad to report that Fred Lampe died suddenly while this new
edition was being prepared. His death was a serious blow to all who knew him.
His engaging personality, good cheer, fairness, common sense, and deep fascina-
tion with physical chemistry are severely missed. Most of the sections of this book
for which he was mainly responsible have been updated, but have otherwise re-
tained their original character. We believe that his classic and, to a large degree,
timeless contributions to this book will constitute a fitting memorial to him.

HARRY R. ALLCOCK
JAMES E. MARK
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