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Preface to the Second Edition

In the first edition, I discussed physical principles for structural phase transi-
tions with applications to representative crystals. Although published nearly
6 years ago, the subject matter is so fundamental in solid states and I am
convinced that this book should be revised in a textbook form to introduce
the principles beyond the traditional theory of ideal crystals.

Solid-state physics of perfect crystals is well established, and lattice imper-
fections are treated as minor perturbations. The basic theories are adequate
for most problems in stable crystals, whereas in real systems, disrupted trans-
lational symmetry plays a fundamental role, as revealed particularly in spon-
taneous structural changes. In their monograph Dynamical Theory of Crystal
Lattices, Born and Huang have pointed out that a long-wave excitation of the
lattice is essential in anisotropic crystals under internal or external stresses,
although their theory had never been tested until recent experiments where
neutron scattering and magnetic resonance anomalies were interpreted with
the long-wave approximation. Also, the timescale of observations is significant
for slow processes during structural changes, whereas such a timescale is usu-
ally regarded as infinity in statistical mechanics, and the traditional theory
has failed to explain transition anomalies. Although emphasized in the first
edition, I have revised the whole text in the spirit of Born and Huang for
logical introduction of these principles to structural phase transitions. Deal-
ing with thermodynamics of stressed crystals, the content of this edition will
hopefully be a supplement to their original treatise on lattice dynamics in
light of new experimental evidence.

We realize that in practical crystals, a collective excitation plays a signif-
icant role in the ordering process in conjunction with lattice imperfections,
being characterized by a propagating mode with the amplitude and phase.
Such internal variables are essential for the thermodynamic description of
crystals under stresses, for which I wish to establish the logical foundation,
instead of a presumptive explanation.

Constituting a basic theme in this book, the collective motion of dynami-
cal variables is mathematically a nonlinear problem, where the idea of solitons



vi Preface to the Second Edition

casts light on the concept of local fields, in expressing the intrinsic mechanism
of distant order involved in the collective motion in a wide range of tempera-
ture. While rather primitive at the present stage, 1 believe that this method
leads us in a correct direction for nonlinear processes, along which structural
phase transitions can be elucidated in further detail. I have therefore spent a
considerable number of pages to discuss the basic mathematics for nonlinear
physics.

I thank Professor E. J. Samuelsen for correcting my error in the first edition
regarding the discovery of the central peak.

Mississauga, Ontario M. Fujimoto
September 2003



Preface to the First Edition

Structural phase transitions constitute a fascinating subject in solid state
physics, where the problem related to lattice stability is a difficult one, but
challenging to statistical principles for equilibrium thermodynamics. Guided
by the Landau theory and the soft mode concept, many experimental stud-
jies have been performed on a variety of crystalline systems, while theoretical
concepts acquired mainly from isotropic systems are imposed on structural
changes in crystals. However, since the mean-field approximation has been
inadequate for critical regions, existing theories need to be modified to deal
with local inhomogeneity and incommensurate aspects, and which are dis-
cussed with the renormalization group theory in recent works. In contrast,
there are many experimental results that are left unexplained, some of which
are even necessary to be evaluated for their relevance to intrinsic occurrence.
Under these circumstances, I felt that the basic concepts introduced early
on need to be reviewed for better understanding of structural problems in
crystals.

Phase transitions in crystals should, in principle, be the interplay between
order variables and phonons. While it has not been seriously discussed so
far, I have found that an idea similar to charge-density-wave condensates is
significant for ordering phenomena in solids. I was therefore motivated to
write this monograph, where basic concepts for structural phase transitions
are reviewed in light of the Peierls idea. I have written this book for readers
with basic knowledge of solid state physics at the level of Introduction to
Solid State Physics by C. A. Kittel. In this monograph, the basic physics of
continuous phase transitions is discussed, referring to experimental evidence,
without being biased by existing theoretical models. Since many excellent
review articles are available, this book is not another comprehensive review
of experimental results. While emphasizing basic concepts, the content is by
no means theoretical, and this book can be used as a textbook or reference
material for extended discussions in solid state physics.

The book is divided into two parts for convenience. In Part One, I discuss
basic elements for continuous structural changes to introduce the model of
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pseudospin condensates, and in Part Two various methods of investigation are
discussed, thereby revealing properties of condensates. In Chapter 10, work
on representative systems is summarized to conclude the discussion, where
the results can be interpreted in light of fluctuating condensates.

I am enormously indebted to many of my colleagues who helped me in
writing this book. I owe a great deal to S. Jerzak, J. Grindley, G. Leibrandt,
D. E. Sullivan, H. >G. Unruh, G. Schaack, J. Stankowski, W. Windsch, A.
Janner and E. de Boer for many constructive criticisms and encouragements.
Among them, Professor Windsch took time to read through an early version
of the manuscript, and gave me valuable comments and advice; Professor
Unruh kindly provided me with photographs of discommensuration patterns in
K,7ZnCly systems; and Dr. Jerzak helped me to obtain information regarding
(NH4)2SO4 and RbH3(SeO3)2, and to whom I express my special gratitude.
Finally I thank my wife Haruko for her continuous encouragement during my
writing, without which this book could not have been completed.

“It was like a huge wall!” said a blind man.
“Oh, no! It was like a big tree.” said another blind man.
“You are both wrong! It was like a large fan!” said another.
Listening to these blind people, the Lord said, “Alas! None of you have
seen the elephant!”
From East-Indian Folklore.

A Remark on Bracket Notations

Somewhat unconventional bracket notations are used in this monograph.
While the notations (@) and (Q)s generally signify the spatial average of a
distributed quantity @ over a crystal, the notation (Q), indicates the temporal
average over the timescale t,, of observation.

In Chapters 8 and 9, the bra and ket of a vector quantity v, i.e. (v| and |v),
respectively, are used to express the corresponding row and column matrices in
three-dimensional space to fascilitate matrix calculations. Although confusing
at a glance with conventional notations in quantum theory, I do not think
such use of brackets is of any inconvenience for discussions in this book.

Guelph, Ontario M. Fujimoto
April 1996
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A structural phase transition can take place in a crystal when some dis-
tortion or reorientation in the active groups is collectively developed, which
is characterized macroscopically by a change in lattice symmetry. Landau de-
fined the order parameter in terms of irreducible representations of the sym-
metry element signifying the structural change, whereas the origin for phase
transitions can be attributed to a physical change in the active group. Being
considered as ordering phenomena in crystals, structural phase transitions
should, in principle, be closely related to a spontaneous deformation in the
lattice. We can therefore consider the interplay between active groups and
their hosting lattice, which is responsible for a structural change at a spe-
cific thermodynamic condition. On the other hand, Cochran introduced the
concept of soft phonons to deal with lattice stability, which was, nevertheless,
deduced from two competing interactions of polar order variables in his model
ionic crystal.

Although generally acceptable, there is still sorne confusion about these
concepts when applied to structural problems as originally implied. There-
fore, I have reconsidered their physical implications in practical crystals, so
that critical anomalies observed by various experiments can be interpreted
in terms of these interacting counterparts participating in phase transitions.
It is also a significant fact that critical phenomena are so slow in timescale
that observed results showed anomalies often conflicting with their thermody-
namic interpretation. Generally, observed anomalies depend on the timescale
of experiments, which is, nevertheless, considered as infinity in most statisti-
cal arguments based on the ergodic hypothesis. In reviewing thermodynamic
concepts, we therefore pay specific attention to the timescale of observation,
which is competitive with the characteristic time for critical fluctuations.

In Chapter 1, thermodynamic principles for isotropic media are reviewed
for structural problems, whereas in Chapter 2, statistical concepts for ordering
processes are reconsidered for typical order-disorder phenomena. In Chapter
3, classical pseudospins are proposed for binary structural transformations in
crystals, where their anisotropic correlations in low dimensions are discussed
for the singular behavior at transition points. The role played by soft phonons
is discussed in Chapter 4, where the concept of condensates is introduced for
the critical region, representing complexes of pseudospins and soft phonons.
In Chapter 5, dynamics of condensates and their nonlinear character in the
ordering process are discussed in relation to long-range order developing with
decreasing temperature. The soliton is a promising concept for ordering pro-
cesses, and hence the related mathematics is sketched in some detail, although
the application to structural problems is still in its infancy at the present stage.
Although constituting a recent topic of nonlinear physics, actual ordering pro-
cesses are, by far, more complex than a simplified mathematical model can
explain.



