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Foreword

It is a remarkable feature of modern electrochemistry that research is directed on
one side to a deeper understanding of the very fundamentals, of the elementary
steps of charge transfer at interfaces and charge propagation in phases—that is, the
most simple electrochemical systems—and on the other side, that more and more
complex systems are experimentally investigated; for example, multi-phase systems
in which sometimes several electrochemically active centers are present, in which
charge propagation may proceed on complex pathways, where electrocatalysis may
be involved and where electrochemically initiated chemical conversions may take
place. These complex systems are not only of applied significance—for example, in
batteries and fuel cells—but they also prompt new developments of the understand-
ing of fundamental processes. Now the time is ripe for such complicated systems to
be studied with all the modern techniques, of course including the most advanced
spectroscopic and microscopic methods.

The author of this book has attempted to survey a specific but large area of
modern electrochemical research, the electrochemistry of porous materials, and
he was well prepared for this undertaking, as he has published extensively about
such systems. Porous materials are very complex with respect to possible electro-
chemical reactions: The author covers materials with nanopores up to micropores,
and he treats all these materials under the aspect of insertion electrochemistry, as
electron and ion transfer processes are proceeding together. The range of different
compounds and materials is impressive, and it is very rewarding for the reader to
see a presentation of such great variety in one volume. This is a unique book in
which for the first time a comprehensive treatment of the electrochemical features
of porous materials is given. Because of the great technological importance of
these materials, the book will be welcomed by the electrochemical community,
and I am confident that the book will give an impetus to the theoreticians who
may see in one glance what interesting and tempting systems the experimentalists
have already studied and what tempting theoretical questions derive from these
investigations.

Fritz Scholz
University of Greifswald, Germany
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Preface

In the past decades, research on porous materials has increased considerably because
of their wide-ranging applications (e.g., sensing, gas storage, catalysis, energy trans-
formation and storage, among others). The term porous materials applies to a wide
variety of substances, from clay minerals and silicates to metal oxides, metal-organic
frameworks, or even thin films and membranes. Porous metals and carbons can also
be included under such systems.

Electrochemistry plays an important role in both research and applications of
porous materials via electroanalysis, electrosynthesis. sensing, fuel cells, capacitors,
electro-optical devices, etc.

The purpose of this text is to provide an approach to the electrochemistry of
porous materials that combines the presentation of a generalized theoretical model-
ing with a description of redox processes for different porous materials and a view of
their electrochemical applications.

Because of the considerable variety of materials that can be classified as porous,
the discussion will be limited to several groups: porous silicates and aluminosilicates,
porous metal oxides and related compounds, porous polyoxometalates, metal-organic
frameworks, porous carbons, carbon nanotubes, and several hybrid materials. All
these materials can be viewed as relatively homogeneous from the electrochemical
point of view. Metal and metal oxide nanoparticles, “organic metals,” fullerenes, and
dendrimers, which can also be regarded as nanostructured materials, also displaying
distinctive electrochemical features, will not be treated here for reasons of brevity,
although their appearance in hybrid materials as modifiers for microporous materi-
als will be discussed.

This book is devoted to conjointly present the advances in electrochemistry of
nanostructured materials. More specifically, the text presents the foundations and
applications of the electrochemistry of microporous materials with incorpora-
tion of recent developments in applied fields (fuel cells, supercapacitors, etc.) and
fundamental research (fractal scaling, photoelectrocatalysis, magnetoelectrochem-
istry, etc.). The book attempts to make electrochemistry accessible to research-
ers and graduate students working on chemistry of materials but also strives to
approximate porous materials chemistry to electrochemists, To provide a reason-
able volume of literature, citations are limited to fundamental articles. Whenever
possible, textbooks and review articles have been cited or, alternatively, recent
articles covering wide citations of previous literature have been used in order to
facilitate access 10 a more extensive literature for readers who are interested in
monographic topics.

The book includes part of research performed in collaboration with Elisa Llopis,
Maria José Sabater, Mercedes Alvaro, Pilar Navarro, Marfa Teresa Doménech,
Antonio Cervilla, Javier Alarcén, Avelino Corma, and Hermenegildo Garcfa, as well
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as their coworkers, who have kindly provided materials for text and figures. Most
of the original materials provided from research projects CTQ2006-15672-C05-05/
BQU (Spanish government) and AE06/131 (Valencian government) whose financial
support (ERDEF funds) is acknowledged. I gratefully acknowledge Milivoj Lovric
for his review with respect to theoretical aspects. I would also like to express my
appreciation and thanks to Fritz Scholz for his friendship and revision of the overall
manuscript and for valuable comments, criticisms, and suggestions. Finally, I would
like to thank my family for its continuous support, attention, and patience.
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AFC: alkaline fuel cell

AFM: atomic force microscopy

ATR-FTIR: attenuated total reflectance—Fourier transform infrared spectroscopy
BET: Brunauer-Emmett-Teller surface area measurement
CA: chronoamperometry
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EIS: electrochemical impedance spectroscopy
EQCM: electrochemical quartz crystal microbalance
FC: fluorocarbon compeound
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HPLC: high-performance liquid chromatography
HRTEM: high-resolution transmission electron microscopy
IES: ion-selective electrode
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LDH: layered double hydroxide

LSV: linear potential scan voltammetry
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PEFC: polymer clectrolyte fuel cell

PFE: polymer film electrode
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SCE: saturated calomel electrode
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