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Polymer physical science (the combination of polymer
physics and polymer physical chemistry) forms the basis for
interpreting and solving a wide variety of polymer process-
ing and polymer performance problems. The first edition of
Sperling's Introduction to Physical Polymer Science pro-
vided a good introduction to the field for chemical engi-
neers and material scientists alike. The second edition has
been expanded in several important areas: the amorphous
and crystalline solid states, liquid crystalline systems, and
mechanical behavior. It is a valuable reference for industrial
practitioners as well as a good introductory textbook.

The book begins with a short overview of polymers,
followed by descriptions of chain structures and con-
figurations, and molecular weight distributions. The middle
chapters provide descriptions of concentrated solutions and
polymer blends, the amorphous state, the crystalline state,
liquid crystalline polymers, and thermalmechanical transi-
tions. The final chapters cover mechanical and flow proper-
ties, including the elasticity of crosslinked polymers, poly-
mer rheology and viscoelasticity, mechanical behavior, and
some selected topics.

The introductory material in Chapter 1 provides the reader
with an adequate background and vocabulary to read the
rest of the text. Chapter 2 deals with chain structure and
emphasizes stereochemistry, isomerism, copolymer types and

Spring 1994

morphologies, and photophysics. Descriptions of chain struc-
ture analytical methods provide an introduction to polymer
characterization techniques.

Polymer molecular weight determinations are covered in
Chapter 3. Polymer solution thermodynamics forms the
basis for these measurements and is covered early in the
chapter, an improvement from the first edition. Col-
ligative, light scattering, solution viscosity, and gel per-
meation chromatography techniques are presented. The sec-
ond edition includes worked example problems starting in
Chapter 3—an important improvement for classroom use
and self-study alike.

Phase separation behavior (Chapter 4) has received much
better coverage in the second edition. There are additional
phase diagrams, an expanded discussion of polymer-
polymer miscibility, and a good summary of the kinetics
of phase separation. The section on diffusion and perme-
ability in polymers should be helpful to those interested in
packaging applications.

The material on bulk states (amorphous and crystalline)
has been expanded into separate chapters (Chapters 5 and 6)
and a new chapter has been added on liquid crystals (Chap-
ter 7). These changes have made this edition of Introduction
to Physical Polymer Science one of the best single refer-
ences for the physical science description of solid and solid-
like polymer systems.

The discussion of amorphous polymers includes short-
range interactions and long-range order, the conformation
of the polymer chain and macromolecular dynamics. Two
models for linear polymer motion are presented: a bead-
and-spring model (Rouse-Bueche theory) and the reptation
model (de Gennes). In addition, the motion of nonlinear
chains is described.

Chapter 6 on the crystalline state includes analytical meth-
ods for determining crystal structure, unit cells, chain struc-
tures, crystallization from the melt, crystallization kinetics,
and the thermodynamics of fusion. There are also good
sections on the re-entry of chain segments in lamellae, the
effect of chemical structure on the melting temperature, and
fiber formation and structure.

Chapter 7 on the liquid crystalline state is new to this
edition. There are sections on mesophase types and mor-
phologies, fiber formation, comparison of major polymer
types, and the requirements for liquid crystal formation.

The material on thermal-mechanical transitions (Chapter
8) and rubber elasticity (Chapter 9) is about the same as in
the first edition. The five regions of viscoelastic behavior
are explained well, and there is a good section on theories of
the glass transition. There are three laboratory/lecture dem-
onstrations that help illustrate concepts of rubber elasticity.

Continued on page 152.
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the student at the end of the class. A grade is assigned to
all talks except the impromptu talk. Students are also as-
signed a grade for viewing their videotape (full credit if
viewed and zero credit if not viewed); this viewing must be
done before their next talk. Students view one of their vid-
eotapes in the presence of the instructor and they then dis-
cuss the student's performance.

FEEDBACK FROM STUDENTS

After the last oral presentation the students are asked to
evaluate the program. The responses have been over-
whelmingly positive. Representative student comments
are given in Table 1.

The comments reveal several interesting insights about
the program. The students appreciated both the information
on how to make a presentation and the opportunity to prac-
tice in front of their peers. Also, the videotaping was con-
sidered to be a useful tool in discovering how they could
improve their next presentation, confirming the adage "a
picture is worth a thousand words." Since more than half of
the students had not taken any previous speech course, this
program is definitely filling an educational need.

APPLICATION FOR OTHER DEPARTMENTS

This program could easily be used in an adapted form in
other chemical engineering departments. For departments
where the senior design class is relatively small (less than
twenty), the lectures and the student talks could all be
done in the design class. (It was successfully done this way

152

at the University of Oklahoma for two different semesters.)
Another approach would be to incorporate the student
talks in the sections of unit operations lab and give the
lectures in a chemical engineering course running con-
currently with the lab.
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Polymer rheology has now been included in Chapter 10
with polymer viscoelasticity. Example calculations and the
laboratory experiments in these sections are well thought
out. There is a new section on fracture and healing in Chap-
ter 11 (polymer mechanical behavior), and Chapter 12 intro-
duces polymer surfaces and interfaces, electrical properties,
and nonlinear optics.

References, general reading, and study problems are in-
cluded in each chapter. The study problems are well-
chosen. There are both qualitative and quantitative prob-
lems, problems dealing with analytical methods, problems
addressing theory, practical questions, and some problems
that can be answered with the aid of simple experi-
ments. Students may be perplexed, but they won't be bored
with this homework.

In conclusion, polymer physical science is an area that is
often neglected in polymer course sequences in chemical
engineering—this book can be used for an introductory
course, or could even be used as the basis for a graduate
course on the topic. Because of its good treatment of
amorphous, crystalline, liquid crystals, rubber elasticity,
and thermalmechanical transitions, it is also a valuable ref-
erence for the industrial polymer scientist working on
performance properties of solid polymer, polymer blend,
or liquid crystal systems. (1
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