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Liquid Crystals

S. Chandrasekhar

(Cambridge University Press, 1993,
450 pages).

ISBN: 0-521-417-473 (hardback);
0-521-427-41X (paperback)

Since the first edition of Chandra-
sekhar’s book was published in 1977, lig-
uid crystal devices have become ubiqui-
tous and their use has increased to
today’s multibillion-dollar world market.
Applications range from simple watch
and calculator displays to large-area pub-
lic display boards, and from pocket tele-
visions to video recorders. Besides these
technological advances, research on the
physics and chemistry of liquid crystal
materials has burgeoned, and the diversi-
ty of chemically stable materials has
greatly increased the knowledge of the
liquid crystal phase. Variations in the
phases have been elucidated; for exam-
ple, the discotic phases have been charac-
terized, and new types of smectic phases
have been discovered. Understanding of
these materials has progressed but con-
tinues to be the subject of research in
many laboratories worldwide. Therefore,
this revised and updated edition of an
already popular book is very welcome.

The book concentrates on the physics
of thermotropic liquid crystal materials, a
highly interdisciplinary field of research.
Although readers are not exposed to the
considerable research on the synthesis of
these fascinating organic chemicals,
chemical structures are presented where
necessary. In addition, there is some
mention of devices in which liquid crys-
tals are used, but not a full description of
liquid crystal applications since these are
developing rapidly and detailed refer-
ence to them can quickly become dated.
The book is comprehensive and self-con-
tained in describing the physical proper-
ties of liquid crystals. Extensive refer-
ences are included with each chapter,
providing an invaluable source for
researchers in the field, as well as an
introduction for newcomers to liquid
crystal research and for students wishing
to read more on the subject. A minor crit-
icism is that the contents page is rather
difficult to read, making it hard to find a
particular subject.

The most significant updates to the
book were made on the previous ver-
sion’s final chapter on smectic liquid
crystals, which has been substantially
revised and now includes an additional
chapter on discotic liquid crystals. The
first chapters have been updated where
necessary; for example, improvements in
experiments using x-ray scattering now
provide deeper understanding. The sec-
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ond and third chapters describe the sta-
tistical theories of the nematic phase and
the extremely successful continuum theo-
ry of the nematic state. Newly included
in the third chapter is a description of
additional elastic constants, which may
help to describe their importance in the
flexoelectric effect and surface anchoring
to alignment layers. The fourth chapter
on cholesteric liquid crystals has been
extended slightly, with a short section on
the blue phases. The revised chapters
also include brief descriptions of the
twisted nematic (TN) and supertwisted
nematic (STN) displays.

The fifth and substantially revised
chapter tackles the smectic liquid crystal
phases, which have more order than the
nematic phase. A feature of the increased
order is the formation of layers. Clas-
sification of smectic mesophases has pro-
gressed considerably, with improvement
in x-ray sources; therefore, a table has
been included to provide the structural
classifications. A section has been added
on smectic-A polymorphism and the
phenomena of reentrant phases, where a
nematic phase occurs in the middle of a
smectic phase. A newly identified phase
is the twisted grain boundary phase pre-
dicted by de Gennes, who recognized an
analogy with superconductors; however,
the phase was discovered by Goodby et
al. The section on the smectic-C phase
has been expanded because of the great
deal of work done on this phase, particu-
larly since ferroelectricity was demon-
strated by Meyer et al. in 1975. The defect
structures are described, and there is a
discussion of the continuum theory for
smectic-C liquid crystals, although this is
presently an area of active research.
Applications are also mentioned briefly
at the end of the chapter.

The final and new chapter describes
the physics of the discotic mesophases,
which have emerged only in the last
decade. An understanding of the disklike
molecules and their self-assembled struc-
tures owes much to the previous work,
even though these molecules differ in
shape from the rodlike calamitic liquid
crystals described in the previous chap-
ters. The new chapter describes the appli-
cation of the continuum theory and the
results of x-ray scattering and light scat-
tering, and includes explanations of the
defect structures that occur in the colum-
nar phases, and a description of the
nematic discotic phase. The chapter con-
cludes with a section on biaxial nematic
liquid crystals, which were predicted by
Chandrasekhar himself.

Because the field of liquid crystals has
expanded greatly since Chandrasekhar

first published his book in 1977, it is
impossible to include all the exciting new
areas of research, such as the nonlinear
optical properties of liquid crystals.
Nonetheless, the book is a useful, inter-
esting, and thorough treatise on the
physics of the many different liquid crys-
tal phases.

Reviewer: Sally E. Day is in the Department
of Electronic and Electrical Engineering at
the University College London, England.

Introduction to Mineral Sciences
A. Putnis

(Cambridge University Press, 1993,
450 pages).

ISBN: 0-521-419-220 (hardback);
0-521-429-471 (paperback)

In this excellent book, Putnis adopts a
materials science approach to the study
of minerals and focuses on their behavior
in relation to geological processes, rather
than using the traditional systematic
treatment of the subject. The approach is
more qualitative than quantitative, but
the complex concepts of materials behav-
ior are clearly explained and extremely
well-illustrated.

The introductory chapters deal with
the basic concepts of crystallography and
symmetry. The ideas behind crystalline
anisotropy are clarified, and the basis of
the optical, elastic, and related tensorial
properties of minerals is presented. An
extensive chapter on diffraction and
imaging techniques follows, including
the reciprocal lattice, powder and single-
crystal x-ray diffraction, electron diffrac-
tion, and imaging. A final methodology
chapter on spectroscopy comprehensive-
ly covers the concepts involved in nu-
clear magnetic resonance spectroscopy,
electron spin resonance spectroscopy,
vibrational spectroscopy, inelastic neu-
tron scattering, optical spectroscopy,
x-ray spectroscopy, and the Mdssbauer
effect.

Most of the book, however, is devoted
to the nature and behavior of minerals.
This ranges from discussion of the basic
principles of crystal architecture (i.e.,
close packing and polyhedral packing) to
the structural features of major rock-
forming phases such as the olivines,
pyroxenes, and framework silicates. The
concept of defects and their role in min-
eral behavior are introduced, illustrated
by specific references to systems such as
the plagioclase feldspars and spinels.

The basic ideas behind thermodynam-
ics, which determine most aspects of
mineral behavior, are clearly presented
and include discussions of entropy,
phase equilibria, and Landau theory. The
nature of solid solutions is outlined, and
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the processes of exsolution, spinodal
decomposition, and ordering are re-
viewed. Kinetics are finally introduced,
and the book concludes with excellent
case studies of transformation processes
and discussions of the incommensurate
behavior in quartz, unmixing in the
pyroxene system, and other geologically
and materials-relevant processes.

In summary, this book illustrates the
major advances in our understanding of
the complex behavior of minerals and
related phases. It could have been writ-
ten only by a scientist who has an exten-
sive and clear understanding of modern
mineralogy. Andrew Putnis should be
congratulated for writing this outstand-
ing book, which will not be surpassed for
many years.

Reviewer: G.D. Price is a professor in the
Geology Department at the University
College London, England.
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