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Preface

Electrochemistry has certainly got rid of its classical image and
has taken new directions of growth and continuous change. Gone
are the days when electrochemistry was considered a nineteenth
century solution chemistry useful for calculating the activity coeffi-
cient and transport number. The electrode kinetics, of course,
occupies the centre stage for the past three or four decades, but
many new pathways and emerging frontiers are branching out from
time to time around this centre stage. Advances in model-building
and instrumental facilities for evaluating these models now enable us
tounderstand quite comprehensively almost all the events that take
place at the electrode-electrolyte interface at least at the molecular
level, if not at the quantum mechanical level.

Quite comprehensive information is now available on the thermo-
dynamics and kinetics of interfacial electron transfer reactions. The
reactivity of the electrochemically generated radical species that leads
to a variety of chemical reactions such as dimerization, disproportion-
ation, protonation and deprotonation are now amenable to quantita-
tive kinetic evaluation even if the chemical reactions have half-life
periods in the range of milliseconds. The mass transport associated
with these processes have received very accurate descriptions. In ad-
dition to these classical fields, several new and exciting developments
are taking place in electrochemistry. We can now form a thin layer on
an electrode surface. so thin that the thickness amounts to just one
atomic layer. We can prepare many other types of thin or thick films,
oxide or metal films, homogeneous or heterogeneous films and redox
or conducting polymer films. We can evaluate the catalytic behaviour
of metals, oxides, carbon or any other type of surface-modified elec-
trodes. We can use photons or light energy for analysing the electrode-
clectrolyte interface or for tapping the solar energy and converting
it into electrochemical energy. In spite of such fast emergence of new



vi Preface

frontiers in electrochemistry, most, if not all, of the textbooks avail-
able in this field treat the subject only at the classical level. There
is certainly a need for sketching clectrochemistry in a new perspec-
tive with classical aspects as well as new developments in surface
studies, electrocatalysis and photoelectrocatalysis.

The enormous growth in electrochemical activity in recent times
was actually made possible by the parallel developments in electro-
analytical methods. A variety of analytical techniques from classical
polarography through ultra high vacuum techniques to in situ spectro-
electrochemical methods are being employed with quite sophisticated
instrumentation for investigating interfacial electrochemical processes.
We may also associate each technique with a specific application,
say polarography for analysis, rotating disc electrode for mass trans-
fer effects, ring-disc electrode for intermediate identification and im-
pedance spectroscopy for surface processes. But if one is to identify
the most common and simple electrochemical technique that can be
employed for qualitative as well as quantitative analysis of almost all
types of interfacial processes involving electron transfer, he would
certainly point out cyclic voltammetry as the candidate. Cyclic volt-
ammetric investigation today is the first choice of any electrochemi-
cal research that may look for further information from other tech-
niques subsequently. In spite of such pivotal position occupied by
cyclic voltammetry in electrochemical research, not a single mono-
graph has appeared so far which comprehensively deals with all the
theoretical and applied aspects of this field. This is even more sur-
prising if we notice that a large number of monographs on other
techniques such as polarography and rotating disc electrode volt-
ammctry and even on optical methods in electrochemistry are avail-
able.

Hence we sct out two parallel objectives when we initiated this
work. The first objective was to introducc interfacial electroche-
mistry in all its splendid colours in a systematic and unified fashion.
The second is to introduce the mecthodology as well as appli-
cation of cyclic voltammetry and related techniques in the study of
all thesc interfacial processes. When such a broad objective
is chosen, the monograph should also orient towards a very broad
audience. In addition to physical chemistry students who would like
to specialize In electrochemistry, we also notice many new entrants
in this field. The clectrochemists who are engaged in industrial
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resecarch and development in different areas of electrochemistry,
now intend to know more about the basic processes involved in
the technologies of interest to them. In addition, applied physicists
developing electron transfer theories, biochemists studying bioredox
processes synthetic organic chemists seeking new organic synthetic
routes, analytical chemists seeking improved and faster analytical
techniques, polymer chemists interested in conducting and insulating
polymer films, surface physicists and chemists looking for the struc-
ture, catalytic and inhibitive properties of materials and photophy-
sicists and photo.hemists engaged in semiconductor-elcctrode-elec-
trolyte interfaces are also entering the electrochemical field with keen
interest. We felt that it would be desirable to develop a2 monograph
in clectrochemistry that would cater to the needs of people with
such divergent interests and backgrounds. The book should start
from the elementary level which can be followed by anybody with
a little physical chemistry background. At the same time, it should
also reach a sufficiently advanced stage in every specialization, so
that the reader can comprehend any other current literature in his
own field of interest with the help of this book. We have tried our
level best to arrange and present the material to achieve these am-
bitious targets.

The bcok essentially contains seventeen chapters in six major
parts. The first part is of introductory nature. The next four parts
deal with the solution phase processes, surface processes, electro-
catalysis and photoclectrochemical processes in a systematic fashion.
The fourteen chapters in these sections have been arranged uniform-
Iy in five major sections. The first section is an introductory one.
The models involved in dealing with the process of interest and the
voltammetric methodology are treated in the next two sections,
Selected examples of voltamme:tric investigations are treated in the
fourth section. The analytical applications and future scope are then
treated. We have certainly adopted an unconventional approach
in the sclection and classification of material to be presented
and the method of presentation. But we hope that we have deve-
loped a framework which is comprehensive and easy to grasp at the
same time. The last part of the book is a sort of epiloguc containing
one chapter which tries to sketch some recent developments and
future trends. Seclected literature that have been published quite
recently are also included in this last chapter.
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Defining such an ambitious goal for writing a monograph was
comparatively an easy job. The difficulties involved came to surface
only during the period of execution. Threading the different lines of
developments in the recent past turned out to be a tough task. Selec-
tion of material again was quite difficult. We could still have left out
some important contributions in spite of the fact that we have
covered almost 2000 references. We found that certain areas have
grown faster than the others. In some areas the model develop-
ment is far behind compared with experimental investigation. We
could do nothing better than pointing out the lapses and advances
as they are available today and hence point out the scope for
further work.

We have worked consistently for almost three long years to
accomplish this task. We hope that this work would further the
cause of electrochemistry, especially in bringing new entrants into
the field and help them to pick up and develop their own field of
specialization. There are bound to be a few lapses in the work of
this magnitude. We would be happy to receive any constructive cri-
ticism and suggestions for improvement.

M. NOEL
K.I. Vasu
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