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Preface

The reprinting of this book has given us the opportunity of correcting some
printing errors which appeared in the first edition.

Aside from this, we have added problems at the end of the various chapters
in order to illustrate or supplement treatments. They have a rather broad range
of difficulty. Some of them have even been inspired by research papers but the
reader is guided in the derivation of the solution. This is the reason why the
statements of these problems are sometimes quite lengthy. Solutions are not
given. However if the reader is interested in the solution of a problem, we will
be happy to send a photocopy of our notes which are rather detailed. Thus we
suggest the reader should get in contact with us directly.

Finally we are grateful to J. Cousty who has provided us with the beautiful
picture which illustrates the front cover.

Saclay, France M .-C. Desjonquéres
Orsay, France D. Spanjaard
April 1995



Preface to the First Edition

This textbook is intended as an introduction to surface science for graduate
students. It began as a course of lectures that we gave at the University of Paris
(Orsay). Its main objectives are twofold: to provide the reader with a compre-
hensive presentation of the basic principles and concepts of surface physics and
to show the usefulness of these concepts in the real world by referring to
experiments. It starts at a rather elementary level since it only requires a
knowledge of solid state physics, quantum mechanics, thermodynamics and
statistical physics which does not exceed the background usually taught to
students early in their university courses. However, since it finally reaches an
advanced level, we have tried to render it as self-contained as possible so that it
remains accessible even to an unexperienced reader. Furthermore, the emphasis
has been put on a pedagogical level rather than on a technical level. In this spirit,
whenever possible, models which are simplified, but which contain the features
that are essential to the appearance of the phenomena, have been set up and
solved in a completely analytical way. The logic should be transparent enough
for the reader although, most often, a more rigorous solution would need the use
of a computer. To conclude, we have tried to give an account of surface physics
which should be of use to the theoretician as well as to the experimentalist.

The following comments can be made on the contents of this book. The field
of surface physics is too vast to present a complete treatment of all its major
aspects. For example, we have omitted surface magnetism, dynamical inter-
actions between an incoming atom or molecule and a surface . . . , which merit a
book of their own. We have limited ourselves to fundamental concepts concern
ing, on the one hand, the macroscopic properties and, on the other hand, the
microscopic properties such as atomic, vibrational and electronic structures.
These topics will be discussed both for clean and adsorbate covered surfaces.
Finally, we have precluded any technical description of experimental methods,
focussing ourselves on the presentation of their theoretical background. Two
reasons have led to this choice: firstly, the lack of competence of the authors and,
secondly, the existence of excellent monographs dealing with this subject.

This book includes many references. However, it should be perfectly clear
that we do not necessarily consider these references as the most original or the
most important contributions in the field. They have been simply chosen as a
convenient source of information to supplement or illustrate those given in the
book.



Vi Preface

We are greatly indebted to J. Friedel and B. Piveteau for a.very careful
reading of a large part of the manuscript and for suggesting many improve-
ments. We are very grateful to G. Allan, D. Chandesris, J. Cousty, F. Fabre,
J. Joffrin, W. Kohn, Y. Lahrer, J. P. Landesman, J. Lapujoulade, C. Noguera, B.
Salanon, M. Sauvage-Simkin, P. Trebbia, J. Villain, D.E. Wolfl and all our
colleagues for illuminating discussions and criticisms. It is also a pleasant duty
to thank J.C. Boulliard and M. Sotto, R.M. Feenstra, J.C. Heyraud and J.J.
Métois, A. Menand, S. Rousset who kindly took the trouble of sending us
original photographs. The typing of the manuscript was done with competence
and infinite patience by F. Kakou whose help is greatly acknowledged. Finally,
the book would not have been written without the material facilities which were
offered to us by the Service de Recherche sur les Surfaces et I'lrradiation de la
Matiére at the “Centre d'Etudes de Saclay”.

Saclay, France M.-C. Desjonqueres

Orsay, France D. Spanjaard
July 1993
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1. Introduction

The study of solid surface phenomena is of great importance in physics since
a solid sample is always in contact with other media (vapour, liquid . . .) via its
surface. The existence of such an interface modifies, at least locally, the proper-
ties of the sample and it is through it that the interactions with the outside world
occur. Therefore, surface physics finds applications in many technologies,
for example, in heterogeneous catalysis (oil industry, ammonia synthesis . . .),
microelectronics, electrochemistry, corrosion, photography, lubrication, ad-
hesion, biology. . . .

Although some physical properties of surfaces were known empirically as
early as in Antiquity, it is only within the last century that surface physics has
become a science of its own. Let us mention, for example, the works of T. Young
(1805) and P.S. de Laplace (1806) on surface tension. The concept of surface
energy was introduced by C.F. Gauss in 1830, followed by the fundamentals of
classical thermodynamic theory of surface phenomena which were described in
detail by W. Gibbs in 1877. A few years later Lord Rayleigh (originally named
J.W_ Strutt) proved the existence of waves localized at the surface of continuous
elastic media. At the beginning of the twentieth century, the problem of minimiz-
ing the surface energy of a finite anisotropic solid in order to find its equilibrium
shape was solved by G. Wulff (1901).

The first decades of the present century have seen the development of surface
chemistry due largely to I. Langmuir. Inspired by the discovery of the crystalline
nature of various surfaces by W.L. Bragg (1913), I. Langmuir advanced a theory
of heterogeneous catalysis and adsorption kinetics. In addition, he provided
a model of thermionic emission. In the same period, A. Einstein (1905) proposed
an explanation of the photoelectric effect discovered by H. Hertz (1887). This
interpretation relied on completely new ideas concerning the interaction be-
tween light and matter in which the energy transfer occurred by quanta,
a concept which was already introduced by M. Planck (1900) in the theory of
black body radiation. These ideas led to the advent of quantum mechanics,
which took place in the 1920s and produced a turning point in the history of
surface physics.

In 1927, CJ. Davisson and L. Germer performed the first low energy
electron diffraction experiment which proved the wave nature of quantum
mechanical particles. Very rapidly, quantum mechanics was applied to investi-
gate the electronic structure of solids and the role played by the boundary
conditions, due to the existence of surfaces, was raised. This led to new concepts



2 1. Introduction

such as surface states (I. Tamm, 1932, W. Schockley, 1939), surface double layer
(J. Bardeen, 1936) . . . and provided a means to calculate, on a microscopic basis,
other quantities of physical interest.

Simultaneously the statistical approach to the study of crystal surfaces was
developed by 1.N. Stranski (1928), M. Volmer (1939) and the break through on
the subject of crystal growth appeared with the works of W.K. Burton,
N. Cabrera and F.C. Franck at the beginning of the 1950s. In this period, most
of the physical phenomena (Auger effect, diffraction of particles, Kronig oscilla-
tions, field emission and field ionization) on which the modern experimental
techniques of surface observation are based were also discovered. However,
progress in the understanding of surface physics had been hampered by severe
problems of experimental reproducibility, which were due to the difficulty in
obtaining structurally and chemically well characterized surfaces.

This problem was only solved in the 1960s thanks to the appearance of ultra
high vacuum technology which has led to the development of many experi-
mental techniques as well as of chemical analysis on an atomic scale. At the same
time, high speed digital computers became available allowing theoretical works
to reach a degree of sophistication going far beyond the simple models de-
veloped in the previous period. As a consequence, the number of publications on
surface physics grew rapidly and entire journals, as well as many conferences,
devoted to this subject appeared. The description of most of the advances
performed in these last decades is the subject of this book.

This book only deals with crystal surfaces and we have restricted ourselves
to pure metal and semiconductor surfaces, clean or possibly in the presence of
adsorbates, excluding from our study alloys or insulator surfaces, although
some of the presented methods could also be applied to these materials. Let us
first define what region we are referring to as the “surface™. By this, we mean
a region extending about 20 A around the last atomic plane, i.e., it includes the
first three or four atomic layers. Indeed, beyond this region the electronic
density almost vanishes on the vacuum side and has attained its bulk behaviour
on the solid side, as we will see in the following chapters. Note, however, that
when the surface is significantly charged, as can be the case in some semiconduc-
tors or insulators, long range effects due to the Coulomb potential exist and can
be analyzed by mean of bulk concepts, the surface playing a subsidiary bound-
ary-value role. However, they will not be studied here since the materials that we
will consider have quasi-neutral surfaces.

Let us end this introduction with a brief description of the content of each
chapter.

In Chap. 2, we treat the classical and statistical thermodynamics of clean
surfaces. We first define the relevant macroscopic thermodynamical quantities
and discuss their implications on the equilibrium properties of crystals. As the
temperature increases, defects appear on the surface and the corresponding
increase of the internal energy may be counterbalanced by entropy effects. If this
occurs below the melting point, the surface becomes rough and this “roughening
transition” is also studied in this chapter by means of statistical methods.



