TR | g




PRINCIPLES OF THE
SOLID STATE

H.V. KEER

Department of Chemistry
Indian Institute of Technology
Powai, Bombay 400 076

JOHN WILEY & SONS

New York Brisbane Chichester  Toronto Singapore



First Publisned in 1993 by
WILEY FEASTERN LIMITED
4835,/24 Ansari Road Daryayanj
New Delni 110602, India

Distributers:

Australia and ve o Leaklind
JACARANDA WIIEPY TD.
PO Box 1226, Milton Old 4064, Australia

Canada:
JOHN Wil.lkY & SONS CANADA LIMITED
22 Worcester Road, Rexdalz, Ontano, Canada

Europe and Africa:
JOIIN W.LEY & SONS LIMITLD
Batfins Lane. Chichester, West Sussex, England

South East sisa

JOHN WILE'Y & SCGMS, (PTE) LIMITED
05 04, Biock B, Unios: Indusinial Building
37 Jalan Pemimpin, Siagaporc 2057

Africa and South Asia:

WILEY EASTERN LIMITED
4835/24 Ansari Road, Daryaganj
New Delhi 110 002, India

North and South America and rest of the World:
JOHN WILEY & SONS INC.
605 Third Avenue, New York, N.Y_ 10158, USA

Copyright © 1993, WILEY EASTERN LIMITED
New Delhi, india

Library of Congress Cataloging-in-Publication Data

Principles of solid state/H.V. Keer.
D. cm.
Inciudes bibliographical references and index.
1. Solids. 2. Solid state physics. I.Keer, H. V.
QC176.P67 1952

92-36075
530.4°1—dc20

CIP

ISBN 0--470-22052-X John Wiley & Sons, Inc.
ISBN 81-224-0466-9 Wiley Eastem Limited

Printed in india at Ramprintograph, New Delhi 110 020.



Preface

Scientists, engineers and technologists alike are interested in materials with tailor-
made characteristics. Chemists and physicists provide a base over which the edifices
of Materials Scicace, Engineering and Technology have been built up. Despite the
availability of scveral excellent books on Solid State Chemistry and Solid State
Physics, the need for a concise treatise embodying the principles of solid state science
is increasingly being felt. Hence an attempt has been made to present an integrated,
scientists’ approach, which hopefuily will appeal to students of both chemistry and
physics.

The book is primarily intended for B.Sc., M.Sc. (Part I) and Engineering students,
although its material cculd also serve as a refresher course for research scholars and
practising scientists. An emphasis has been laid on the principles governing the
synthesis, structure and physical properties of crystalline solids. Specific materials
have been discussed only to illustrate the application of the principles. The treatment
is non-mathematical; however, wherever unavoidable, elementary methods involving
determinants, matrices and differential equations have been employed. An extensive
use of quantum mechanics has been avoided in order to make the text meaningful to
a broad spectrum of readers.

The book: begins with an introduction to bonding and structure; structural aspects
have been confined to identification of lattice/structure, rigorous crystallography
being omitted. This is followed by discussion of physical properties such as thermal,
clectrical, magnetic, opticzl and diclectric. The synthetic aspect involves solid state
reactions and single crystal growth techniques, which is preceded by consideration of
various types of imperfections. A number of representative problems have been given
at the end of each chapter 10 serve as a study-aid. Appendices have been provided 1o
make the treatment self-suflicient.

Several research journals and excellent fextbooks have greatly influenced the
materiai and methodology adopted in the text. These are listed in Appendices C and
Drespectively. My students have also contributed immensely by insisting on adequate
explanations,

The author is greatful to ail the pubiishers and authors for their permission to
reproduce and/or modify figures and/or tables. John Wiley and Sons., Inc., should be
mentioned in particuler. The author is also thankful to Professors Charles Kittel, L. V.
Azaroff, J. M. Honig, C. N. R. Rao, E. S. R. Gopal, A. P. B. Sinha and P. Krishna for
their cooperaticn and help.

Copyright permissions for some of the figures and tables could not be obtained for
various reasons. Hence such {igures and tables were suitably modified and included.
Creqit o these sources has been given in Section II of the Acknowledgement.

The material presented in the text is the result of lecture notes compiled over a
decade. In spite of the best etforts to keep track of original sources from which the
moaterial and/or idea(s) were borrowed, there could be some lapses, which alert reader
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may recognise. They are requested to intimate to the author so that due acknow-
ledgement of the source(s) could be made. In the meantime, the concerned author/pub-
lishers should forgive for the lapse(s).

Comments and suggestions to improve upon the text are most welcome.

H.V. KEER
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1
BONDING AND STRUCTURE

1.1 TYPES OF MATTER

Since the ancient times, solid materials have played a vital role in the progress of
mankind. While the stone-age caveman used sharp stones as weapons, subsequent iron
age heralded the emergence of metals as the key materials. In those times, properties
of naturally available materials were discovered by trial and error and the materials
were put to use profitably. With the passage of time, this trial and error method gave
way to the choice and selection of materials, once man realized that properties could
be designed and materials with tailor-made characteristics could be synthesized.
Today, the science and technology of materials is in such an advanced stage as to allow
the application of physico-chemical principles for the design of desired new materials
in ceramic, single crystal and/or amorphous forms. Semiconductors, ferrites, magnetic
garnets, solid state lasers, piezoelectrics, ferroelectrics, ultraviolet- and infrared-sen-
sitive crystals, magnetic bubbles, etc., are a part of the several solid state devices in
use to-day. This advancement of science and technology of solids is mainly due to the
awareness that structure and properties are related at the ‘molecular’ level. The links
between chemical bonding, structure, imperfections and properties—mainly
electronic—are shown in Fig. 1.1 (a). Figure 1.1 (b) presents a bird’s eye-view of the
applications of solids in various spheres.

Chemical Bonding «————» Structure

N/

Imperfections

Properties

Fig. 1.1 (a) Interrelations of chemical bonding, structure, imperfections and properties of solids.



