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Preface

Electrocatalysis is at the heart of many important high technological and in-
dustrial processes including: energy conversion (fuel cells, batteries, and super-
capacitors), green synthesis (electrosynthesis of both organic and inorganic
compounds), nanomaterials (nanostructuring and nanofabrication), biotech-
nology (biochips and sensors), micro-systems and electronics (MEMS and in-
terconnects in integrate circuits).

Over the last 20 years electrochemistry has undergone a shift in perception of
the electrode as a “Jellium”, which simply acts as an electron sink or source, to
the dynamic, atomically discrete electrode, which participates fully in electrode
processes. This shift was predominantly enabled and certainly facilitated by the
development of in situ spectroscopic and imaging methodologies in electro-
chemical surface science. From many, those that have been used most frequently
are infrared spectroscopy (IR), ultra-violet/visible reflection spectroscopy (UV/
vis), Raman spectroscopy (Raman), mass spectroscopy (differential electro-
chemical mass spectroscopy (DEMS), the electrochemical quartz crystal micro-
balance (EQCM)), electron spin resonance (ESR) and nuclear magnetic
resonance (NMR). In addition, nonlinear optical spectroscopies (sum frequency
generation (SFG), second harmonic generation (SHG)) and x-ray spectroscopies
(EXAFS, XANES, and SXS) have also been employed. Furthermore, the com-
bination of in situ spectroscopic techniques with scanning probe methods such
as scanning tunneling microscopy (STM) and/or atomic force microscopy
(AFM) has provided novel, exciting, and crucial insights into the processes at
and near the electrode surface on the molecular and atomic levels.

This book comprises 15 chapters covering different in situ spectroscopic
techniques employed in studies of adsorption at the electrode and electro-
catalysis, such as infrared spectroscopy (Chapters 1-8), sum frequency gene-
ration (Chapter 9), Raman spectroscopy (Chapter 10), x-ray spectroscopy
(Chapters 11 and 12), electron spin resonance (Chapter 13), nuclear magnetic
resonance (Chapter 14), and scanning tunneling microscopy together with mass
spectroscopy (Chapter 15). The chapters of the book were contributed by
prominent scholars worldwide and are aimed at a wide range of professionals
interested in new applications of spectroscopy, electrocatalysis, electrochemis-
try, surface science, energy conversion, materials science, and bioscience. The
state-of-the-art presentations are based on each contributor’s recent work on
mechanism and structure of the electrode/electrolyte interface.

The breadth of the present book makes it ideal for instructing newcomers
as well as for aiding established scientists and engineers in the field of



Preface

electrochemistry and electrocatalysis. Last but not least, the volume should
help to develop new ideas: basic and applied, and to develop new in situ surface
analytical methodologies to respond to challenges of electrochemistry and
electrocatalysis in the future.

Shi-Gang Sun
Paul Andrew Christensen
Andrzej Wieckowski
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