CHEMISTRY

Engmeermg and Technology

VOLUME §




LK»..J-—

RN
N~ v

CHEMISTRY
in

Engineering and Technology

VOLUME |
General and Physical Chemistry

J C Kuriacose

J Rajaram

Indian Institute of Technology
Madras

Tata McGrgw-Hill Publishing| Company Limited
NEW DELHI



© 1984, TATA McGRAW-HILL PUBLISHING COMPANY LIMITED

No part of this publication ¢an be reproduced in any form or by any means
without the prior writien permission of the publishers

This edition can be exported from kndia only by the publishers,
Tata McGraw-Hill Publishing Comnpany Limited

Sponsoring Editor: Ranv Bret
Editorial Assistant: UsHa RAMAN
Production Assistant: B L DoGr»
Manuscript Lead: N YV SESnAN

This book has been subsidized by the Government of India, through the
National Book Trust, India, for the benefit of students

NBT Ceode: 45-68/1979

Rs 30.00

Published by Tata McGraw-Hili Publishing Company Limited

12/4 Asaf Ali Road, New Delhi 110002 and printed at

M/s Jagowal Printing Press, 7/15 Kirti Nagar Industrial Area,

New Delhi 110 015 and M/s Maharani Printers, 1/29 Nicholson Road,
Kashmere Gate, Dethi-110 006



CHEMISTRY
in
Engineering and Technology

VOLUME |
General and Physical Chemistry



McGraw-Hill Offices

New Delbi
New York
St Louis
San Francisco
Auckland
Bogota
Guatemala
Hamburg
Lisbon
London
Madrid
Mexico
Montreal
Panama
Paris

San Jyan
Sao Paulo
Singapore
Sydney
Tokyo
Toeronto



Foreword

Chemistry in Engineering and Technology by Dr J C Kuriacose and
Dr J Rajaram is not just another book for students of engincering and
technology. Each one of the 22 chapters bears testimony to the fact that this
book has sought to fulfil the objective of making the student of engineering
and technology realize that chemistry, like physics, is the real base of his pro-
fession and that therefore he must have a good understanding of chemistry
before he can use it in his profession. Along with this objective, the authors
have achieved another goal. An interested student majoring in chemistry will
find in this book certain aspects of chemistry which are not ordinarily
accessible, and certain sections of a few chapters in this book can even be
used by the student working for a Master’s degree in chemistry.

The authors have succeeded in maintaining a good balance between the
theoretical and applied aspects of the subject. About a little less than three-
fourths of the book is devoted to the fundamental aspects of chemistry
and the rest to applied chemistry. Clear presentation, emphasis on funda-
mentals, inclusion of problems, examples to illustrate important phenomena,
interpretation of the physical significance of theoretical concepts and a
reasonably good coverage of applied chemistry are some of the features of
this very well-written book. The fields of inorganic chemistry, physical
chemistry, organic chemistry and applied chemistry have been dealt with
sufficient detail so that the student of engineering and technology has ail
that he needs to understand the subject.

In my opinion, the chapters on thermodynamics, phase equilibria elec-
trochemistry, chemical kinetics and catalysis, photochemistry, water and its
treatment, fuels, explosives and role of fuels, pollution of the environment
and its control, corrosion and its prevention, and high polymers are parti-
cularly well-written. These chapters provide a sound, solid foundation need-
ed for the understanding of the principles of chemistry and for the appli-
cation of chemistry in engineering and technology. The other chapters in
the book provide the necessary background information in sufficient detail.
Students and teachers of chemistry who wish to acquire a reasonably good

64£00



vili Foreword

mastery of the principles of chemistry and apply them in the practice of
engineering and technology, will find this book very useful.

SP SHANMUGANATHAN
Principal
Professor and Head
Department of Chemistry
Pachaiyappa’s College .
Madras



Preface

Many of the new products of the chemical industry find applications in
fields of engineering. With each successive year, the role of chemistry and
chemical products in every branch of engineering is expanding greatly. The
strength of materials, the chemical composition of substances, their beha-
viour when subjected to different treatments and environments, and the laws
of heat and dynamic energy enter in almost every activity of modern life.

Today the disadvantages of over' specialization in science and technology
are increasingly evident. For those who recognize this, there is no need to
justify the inclusion of chemistry in the engineering curriculum and for
thosec who do not recognize this, justification may serve little purpose.

The engineer is engaged in the practical application of physical, chemical
and other scientific principles in large-scale construction or operation of
one type or the other. In a general sense, technology deals with methods
and processes for converting materials available in nature into items of
consumption and tools of production. The'emergence of materials science
as a discipline is an acknowledgement of the need to interpret the behavi-
our of materials in terms of their structure and properties. Such an inter-
pretation is possible only if one has a reasonable acquaintance with chemical
principles. The engineer and technologist dealing with materials must have
some training in chemistry, a certain minimum, to prepare them for their
profession, and as much in more required to help them attain the success to
which their ambition prompts them. An education intended to prepare an
engineer or a technologist cannot be sound if one made abstraction of the
sources and foundations that make engineering practice and technology
possible. . ‘

During our several years of teaching chemistry to students of engine-
ering, we have found that there is hardly any single book that presents ali
the topics in chemistry that are relevant to the instruction of a student of
engineering. We have felt that the effort the teacher has to put in teaching
chemistry to the student of engincering may be reduced to a considerable
extent and the quality of teaching improved, if a proper textbook designed
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to meet the needs of the students is available. This has motivated us to write
this book.

This book is written not only to help the students during their formal
cducation, but also later on when they continue their education as practising
engineers. While it is recognized that all the material in this book will not be
used by some teachers in the institutions of engineering education, it is hoped
that all teachers will find the material they require treated adequately in
this book.

The properties of engineering materials rather than processes for their
manufacture has received greater attention, though when the manufac-
turing process itself is determined by the properties of the materials, both
receive adequate emphasis. The depth and breadth of the presentation of”
these topics has been at a level adequate to make the student appreciate
the place of chemistry in his overall training as an engineer, and later in
the practice of his profession. This book is written for those whose major
interest is in fields other than chemistry and so is not meant to be a text-
book of chemistry for a student desirous of specializing in the subject. One
will therefore find certain areas of chemistry completely omitted or only
cursorily dealt with. _

One may notice a difference in the level of presentation of the chemistry
of engineering materials and general chemistry. It is our belief that an engi-
neer would like to know more about the advances and latest developments
concerning materials that he uses. This has prompted us to maintain a
difference in the level of treatment. To the extent possible, latest inform-
ation available in contemporary textbooks and scientific literature has been
included, without engaging in an exhaustive treatment of the several
branches of chemistry, which would be out of place in a book with the
limited objective that this one has.

We have assumed that the reader has an elementary knowledge of gene-
ral chemistiyv. In the treatment of the various topics we have sought to
maintain a rapport with the potential user, be he a teacher, a student or any
other seeker of facts and orientations relating to the topics dealt with. We
have attempted wherever possible to augment the understanding of the
material presented within each chapter by introducing relevant probiems
right on the trails of the theoretical treatment.

In writing this book we have become indebted to several people who
have written on the various topics we have selected. The help and encour-
agement we have received from our colleagues in the Department of
Chemistry is gratefully acknowledged. We particularly wish to acknowledge
the help we have received from our research scholars at various stages in
the preparation of this book. Professor T J Varkey of the Karnataka
Regional Engineering College, Suratkal, and Professor Sp. Shanmugana-
than, Principal, Pachaiyappa’s College, Madras, have been constant sources
of encouragement. While acknowledging our gratitude to them, we record
our particular thanks to Professor Sp Shanmuganathan for kindly writing
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the Foreword to this book. Among the several others we must thank, we
wish to make special mention of Shri G Lakshmikanthan, Shri K Buchi
Babu, Shri S Arumugam, Shri M M Thomas and Shri K Gangadharan,
without whose patient help and cooperation this book could not have been
made ready for the publishers. Our gratitude is also due to the authorities of
the Indian Institute of Techology, Madras, for permitting and encouraging
this venture. . _

One of us (J.R.) is thankful to the authorities of the Indian Institute of
Technology, Madras, for granting him sabbatical leave for one year, which
enabled him to collect the necessary material for writing this book.

We will be very grateful to all those who will have the opportunity to
examine this book, if they would point out any mistakes that might have
remained undetected in spite of our best efforts and above all, if they could
give us their suggestions for improvement.

J C KURIACOSE
J RAJARAM
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