POLYMERIZATION

gy B T

F




)

f-f"

0063
|}
Wan

PRINCIPLES OF
POLYMERIZATION

Fourth Edition

GEORGE ODIAN
College of Staten Island
City University of New York
Staten Island, New York

WILEY-
INTERSCIENCE

A JOHN WILEY & SONS, INC., PUBLICATION



Copyright © 2004 by John Wiley & Sons, Inc. All rights reserved.

Published by John Wiley & Sons, Inc., Hoboken, New Jersey.
Published simultaneously in Canada.

No part of this publication may be reproduced, stored in a retrieval system, or transmitted in any form
or by any means, electronic, mechanical, photocopying, recording, scanning, or otherwise, except as
permitted under Section 107 or 108 of the 1976 United States Copyright Act, without either the prior
written permission of the Publisher, or authorization through payment of the appropriate per-copy fee
to the Copyright Clearance Center, Inc., 222 Rosewood Drive, Danvers, MA 01923, 978-750-8400,
fax 978-750-4470, or on the web at www.copyright.com. Requests to the Publisher for permission should
be addressed to the Permissions Department, John Wiley & Sons, Inc., 111 River Street, Hoboken,

NJ 07030, (201) 748-6011, fax (201) 748-6008, e-mail: permreq@wiley.com.

Limit of Liability/Disclaimer of Warranty: While the publisher and author have used their best

efforts in preparing this book, they make no representations or warranties with respect to the accuracy
or completeness of the contents of this book and specifically disclaim any implied warranties of
merchantability or fitness for a particular purpose. No warranty may be created or extended by sales
representatives or written sales materials. The advice and strategies contained herein may not be
suitable for your situation. You should consult with a professional where appropriate. Neither the
publisher nor author shall be liable for any loss of profit or any other commercial damages, including
but not limited to special, incidental, consequential, or other damages.

For general information on our other products and services please contact our Customer Care Department
within the U.S. at 877-762-2974, outside the U.S. at 317-572-3993 or fax 317-572-4002.

Wiley also publishes its books in a variety of electronic formats. Some content that appears in print,
however, may not be available in electronic format.

Library of Congress Cataloging-in-Publication Data:

Principles of Polymerization, Fourth Edition
George Odian

ISBN 0-471-27400-3
Printed in the United States of America

109 87 654321



PRINCIPLES OF
POLYMERIZATION

Fourth Edition



PREFACE

This book describes the physical and organic chemistry of the reactions by which polymer
molecules are synthesized. The sequence I have followed is to introduce the reader to
the characteristics which distinguish polymers from their much smaller sized homologs
(Chap. 1) and then proceed to a detailed consideration of the three types of polymerization
reactions—step, chain, and ring-opening polymerizations (Chaps. 2-5, 7). Polymerization
reactions are characterized as to their kinetic and thermodynamic features, their scope and
utility for the synthesis of different types of polymer structures, and the process conditions
which are used to carry them out. Polymer chemistry has advanced to the point where it is
often possible to tailor-make a variety of different types of polymers with specified molecular
weights and structures. Emphasis is placed throughout the text on understanding the reaction
parameters which are important in controlling polymerization rates, polymer molecular
weight, and structural features such as branching and crosslinking. It has been my intention
to give the reader an appreciation of the versatility which is inherent in polymerization
processes and which is available to the synthetic polymer chemist.

The versatility of polymerization resides not only in the different types of reactants which
can be polymerized but also in the variations allowed by copolymerization and stereoselec-
tive polymerization. Chain copolymerization is the most important kind of copolymerization
and is considered separately in Chap. 6. Other copolymerizations are discussed in the appro-
priate chapters. Chapter 8 describes the stereochemistry of polymerization with emphasis on
the synthesis of polymers with stereoregular structures by the appropriate choice of initiators
and polymerization conditions. In the last chapter, there is a discussion of the reactions of
polymers that are useful for modifying or synthesizing new polymer structures and the use
of polymeric reagents, substrates, and catalysts. The literature has been covered through early
2003.

It is intended that this text be useful to chemists with no background in polymers as
well as the experienced polymer chemist. The text can serve as a self-educating introduction
to polymer synthesis for the former. Each topic is presented with minimal assumptions
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regarding the reader’s background, except for undergraduate organic and physical chemistry.
Additionally, it is intended that the book will serve as a classroom text. With the appropriate
selection of materials, the text can be used at either the undergraduate or graduate level. Each
chapter contains a selection of problems. A solutions manual for the problems is available
directly from the author.

Many colleagues have been helpful in completing this new edition. I am especially
indebted to Chong Cheng, Krzysztof Matyjaszewski, and Stephen A. Miller who graciously
gave their time to read and comment on portions of the text. Their suggestions for improve-
ments and corrections were most useful. I also thank the many colleagues who generously
responded to my inquiries for their advice on various topics: Helmut G. Alt, Jose M. Asua,
Lisa S. Baugh, Sabine Beuermann, Vincenzo Busico, Luigi Cavallo, John Chadwick, Geoff
Coates, Scott Collins, James V. Crivello, Michael F. Cunningham, Thomas P. Davis, Pieter J.
Dijkstra, Rudolf Faust, Hanns Fischer, Michel Fontanille, Robert Gilbert, Alexei Gridnev,
Richard A. Gross, Robert H. Grubbs, Howard Haubenstock, Jorge Herrera-Ordonez, Walter
Hertler, Hans Heuts, Henry Hsieh, Aubrey Jenkins, Jaroslav Kahovec, Mikiharu Kamachi,
Walter Kaminsky, Hans Kricheldorf, Morton Litt, Roberto Olayo, Patrick Lacroix-Desmazes,
W. V. Metanomski, Michael J. Monteiro, Timothy E. Patten, Stanislaw Penczek, Peter Plesch,
Jorge Puig, Roderic P. Quirk, Anthony K. Rappe, Luigi Resconi, Ezio Rizzardo, Greg
Russell, Erling Rytter, Richard R. Schrock, Donald Tomalia, Brigitte Voit, Kenneth Wagener,
Robert M. Waymouth, Owen W. Webster, Yen Wei, David G. Westmoreland, Edward S.
Wilks, Bernard Witholt, Nan-loh Yang, Masahiro Yasuda, and Adolfo Zambelli. Their
helpful and insightful comments enriched and improved the text.

I welcome comments from readers, including notice of typographical, factual, and other
errors.

Staten Island, New York 10314 GEORGE ODIAN
June 2003

georgeodian@att.net

odian@postbox.csi.cuny.edu
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