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PREFACE

Today, a scientific and technological revolution is occurring, and at its center are
giant molecules. This revolution is occurring in medicine, communication, build-
ing, transportation, and so on. Understanding the principles behind this revolution
is within the grasp of each of us, and it is presented in this book.

Giant molecules form the basis for life (human genome, proteins, nucleic acids),
what we eat (complex carbohydrates, straches), where we live (wood, concrete),
and the society in which we live (tires, plants, paint, clothing, biomaterials, paper,
etc.). This text introduces you to the world of giant molecules, the world of plastics,
fibers, adhesives, elastomers, paints, and so on, and also provides you with an
understanding of why different giant molecules perform in the way they do. Giant
molecules lend themselves to a pictorial presentation of the basic principles that
govern their properties, This pictorial approach is employed in this text to convey
basic principles and to show why different giant molecules behave in a particular
manner; we use visual aids such as drawings, pictures, figures, structures, and so on.
This text allows us to understand why some giant molecules are suitable for long-
term memory present in the human genome while others are strong, allowing their
use in bullet-resistant vests, others are flexible and used in automotive dashboards
and rubber bands, others are good adhesives used to form space age composites,
others are strong and flexible forming the cloths we wear, and so on.

This text is written so that those without any previous science training will be
able to understand the world of giant molecules. Thus, the book begins with essen-
tial general basics, moving rapidly to material that forms the basics that enables the
presentation of general precepts and fundamentals that apply to all materials and
especially giant molecules. The initial two steps are accomplished in the first two
chapters, and the remainder of the book considers materials concepts, fundamen-
tals, and application. These basics are covered in a broad-brush manner but empha-
size the fundamentals that are critical to the success of dealing with and
understanding the basics of materials composed of giant molecules.

The book is arranged so that the earlier chapters introduce background informa-
tion needed for later chapters. Basic concepts are interwoven and dispersed with illus-
trations that reinforce these basic concepts in practical and applied terms introduced
throughout the text. The material is presented in an integrated, clear, and concise
manner that combines basics/fundamentals with brief/illustrative applications.
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Each chapter has a

o Glossary
e Bibliography
e Questions and answers section

A grouping of appropriate electronic sites is included.

This book is written for two different audiences. The first audience is the tech-
nician that wants to know about plastics, paints, textiles, rubbers, adhesives, fabrics
and fibers, and composites. The second audience is those students required to
include a basic science course in their college/university curriculum. This book
can act as the basis of that course and as an alternative to a one-semester course
in geology, chemistry, physics, and biology. Furthermore, it may have use in pre-
college (high school) trade schools and as an alternative advanced elective to fulfill
a science requirement in high school.

CHARLES E. CARRAHER, JR.

The Society of Plastics Engineers is dedicated to the promotion of scientific and
engineering knowledge of plastics and to the initiation and continuation of educa-
tional programs for the plastics industry. Publications, both books and periodicals,
are major means of promoting this technical knowledge and of providing educa-
tional materials.

This 2"! Edition of Giant Molecules contains enough easily read basic science to
permit the nonscientist to understand the structure and use of all polymers. The
Society of Plastics Engineers, through its Technical Volumes Committee, has
long sponsored books on various aspects of plastics and polymers. The final manu-
scripts are reviewed by the Committee to ensure accuracy of technical content.
Members of this Committee are selected for outstanding technical competence
and include prominent engineers, scientists, and educators.

In addition, the Society publishes Plastics Engineering Magazine, Polymer Engi-
neering and Science, Journal of Vinyl and Additive Technology, Polymer Compo-
sites, proceedings of its Annual Technical Conference and other selected
publications. Additional information can be obtained from the Society of Plastics
Engineers, 14 Fairfield Drive, Brookfield, CT, 06804 - www.4spe.org.

Executive Director & CEO MicHAEL R. CAPPELLETTI
Societv of Plastics Engineers
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2 THE BUILDING BLOCKS OF OUR WORLD
1.1 INTRODUCTION

Science in the broadest sense is our search to understand what is about us. The
quest is marked by observation, testing, inquiring, gathering data, explaining, ques-
tioning, predicting, and so on. Four major sciences have evolved, yet today’s areas
of inquiry generally require contributions from more than one. Thus subdisciplines
such as biochemistry have developed, and geophysical combinations and other
areas of study have also developed: chemical engineering, geography/geoclogy,
medical biology, patient law, medical technology, medical physics, and so on.
In general terms the four major areas of science can be briefly described as
follows:

Biology or Biological Sciences: Study of living systems.
Chemistry: Study of the chemical and physical properties and changes of matter.
Geology: Study of the earth.

Physics: Study of the fundamental components and regularities of nature and
how they fit together to form our world.

Mathematics is the queen of science dealing with quantities, magnitudes, and
forms and their relationship to one another and to our world.

Engineering deals with design and construction of bridges, highways, computers,
biomedical devices, industrial robots, roads, and so on. Giant molecules are used in
these endeavors. The design and construction of plants that process prepolymer
starting materials as well as this effort of engineering the polymers themselves,
along with the machinery used in polymer processiig, are also part of the assignment.

This chapter presents a brief overview of some of the science that is essential for
an appreciation of the science of giant molecules.

We will be concerned with matter—that is, anything that has mass and occupies
space. The term mass is used to describe a quantity of matter. However, in most
cases, we will refer to weight instead of mass. Weight, unlike mass, varies with
the force of gravity. For example, an astronaut in orbit may be weightless but his
or her mass is the same as it was on the earth’s surface.

1.2 SETTING THE STAGE

Polymers exist as essential materials for sophisticated objects such as computers
and the space shuttle and as simple materials such as rubber bands and plastic
spoons, They may be solids capable of stopping a bullet, or they may be liquids
such as silicon oils offering a wide variety of flow characteristics.

We not only run across polymers in our everyday lives, but also have questions
involving them. When mixing an epoxy adhesive (glue) it gets warm. Why? The
dentist stuck a “blue light” into my mouth when I was having a cavity filled.
What was happening? When I looked at the filaments in my rug I noticed they



