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FOREWORD

This book, entitled Nanocatalysis: Synthesis and Applications, edited by Vivek Polshet-
tiwar and Tewodros Asefa, who are both active researchers in this exciting field, com-
prises a broad range of authorative sections that are authored by world-class researchers.
The book is an important addition to the rapidly growing area of nanocatalysis. The
book gives comprehensive perspectives on a wide array or research topics related to
nanocatalysis, by highlighting the importance of nanocatalysis in areas ranging from
the efficient production of commodity and value-added chemical products to renew-
able energy and environmental remediation—topics that are of contemporary interest
worldwide from government and industry to academia as well as to society as a whole.
The book comprises several different topics related to nanocatalysis with topical areas
distributed throughout the text, including fundamental aspects of nanocatalysis, sur-
face science, and mechanistic and theoretical studies on how nanocatalysts function.
In addition, the range of applications of nanocatalysis in several areas is also cov-
ered, including energy and environment. Therefore, researchers in both industry and
academia alike, as well as new students and seasoned researchers, will appreciate reading
the book.

The timing of this book could not be any better—as can be witnessed by the
large number of research publications being reported in the journals concerned with
nanoscience and nanotechnology in general, which relate to nanocatalysis in particu-
lar. The field of nanocatalysis has attracted intense interest over the last two decades,
although, of course, the use of nano-sized materials as catalysts has been a research topic
for many decades. The strength of this book is that it brings together the key areas in this
broad subject in an easily accessible way. Readers will readily be able to obtain quick
information on a variety of topics from synthesis and characterization of nanocatalysts
as well as their applications. So, we should thank the two editors for embarking on this
project and bringing together this key collection of studies on nanocatalysis. As an active
researcher in the field of nanocatalysis, I strongly feel that this book will also stimulate
new cutting-edge research activities in the area. However, at the same time, this book
gives a wealth of fundamental information that is highly relevant for newcomers to
the field as well as providing basic information to graduate and undergraduate students
alike. I also consider that the text will be a valuable resource to lecturers with interests
in teaching the principles of nanocatalysis. Moreover, I expect the book to inspire more
researchers to work on a variety of new research aspects related to nanocatalysis and
the development of novel and improved nanocatalysts, especially directed to many of
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viii FOREWORD

the contemporary grand challenges of our generation that the world faces today in areas
such as renewable energy, production of value-added chemical products, and synthesis
of materials in a “greener” or sustainable way, as well as environmental remediation.
The book is, therefore, a very valuable resource.

Professor Graham J. Hutchings FRS
Director of the Cardiff Catalysis Institute
The Cardiff School of Chemistry

Cardiff University, UK



PREFACE

Catalysis lies at the heart of chemical processes that lead to a variety of chemical
products and synthetic materials. This can be highlighted by the fact that about more
than 80-85% of synthetic materials and commercial chemical products see at least one,
if not more, catalyst at some point of their synthesis. This means, the synthesis of many
useful household products, such as medicines, detergents, polymeric fibers, perfumes,
fuels, paints, lubricants, and a myriad of other value-added chemical products essential
to humans, would have been neither possible nor feasible in the absence of catalysts.

Catalysts are chemical substances that enable the (“smooth”) transformation of fine
chemicals into value-added chemical products or synthetic materials. Catalysts play
major roles in such conversions of many different chemical species into important final
products by enabling the chemical transformations to take place effectively, that is, in an
economical manner, with less by-products, with less energy consumption, or by giving
the desired products in larger amount in relatively shorter reaction times.

Besides many conventional chemical processes where catalysts have already been
used, the emergence of the grand challenges in areas such as renewable energy and envi-
ronmental problems that our world faces has made the development of catalysts capable
of contributing to the production of renewable energy and environmental remediation
among the “holly-grail” research areas worldwide currently. Furthermore, in the face of
dwindling fossil fuel sources, the development of catalysts that allow the transformation
of CO, into fuels and the conversion of water into H, in a viable manner has become
very vital and contemporary research area today.

Catalysts are traditionally divided into two major groups based on the type of phase
of the catalyst is in relative to the catalytic reaction mixtures, that is, homogeneous or
heterogeneous catalysts. Homogeneous catalysts are those that exist in the same phase as
the reactants. They are generally soluble organic or organometallic complexes and often
give chemo-, regio-, and stereoselective products. However, they are relatively difficult to
separate from reaction mixtures for reuse at the end of reactions. On the other hand, there
are solid or insoluble catalysts, also called heterogeneous catalysts. In many instances,
the solid catalysts contain homogeneous catalysts supported on neutral or catalytic-active
solid support materials such as porous silica or alumina. These types of catalysts are
easily separable and reusable at the end of reactions; however, they often give relatively
poor reaction yields, compared with many of their homogeneous counterparts.

The fields of nanoscience and nanotechnology have been unquestionably thriving
over the last two or so decades. The positive societal impacts of nanoscience and nan-
otechnology have also now become clear to scientists and engineers alike, and even to
the public, although much work still remains in understanding the potential biological
and health effects of many nanomaterials. One of the first examples where the applica-
tions of nanoscience and nanotechnology were successfully demonstrated has been in

ix



X PREFACE

the area of catalysis; that is, nanoscience and nanotechnology has made it possible for a
class of nanomaterials with potential applications in catalysis (or nanocatalysts) to come
alight. Many nanomaterials with different interesting catalytic properties have actually
been documented, and some of them have also been commercially used. In fact, even
before systematic research on nanocatalyst development began or unbeknownst to many,
several materials with nanoscale sizes have been successfully used as catalysts in many
reactions. Nanocatalysts are interesting from a point of view of being in between homo-
geneous and heterogeneous catalysts, although this classification is not quite strict. In
other words, nanocatalysts exhibit quasihomogeneous or quasiheterogeneous catalytic
properties, and thus allow for rapid and selective chemical transformations, with excel-
lent product yield and ease of catalyst separation and recovery. Nanocatalysis can thus
be simply defined as the use of nanoscale materials in catalysis, often with effective cat-
alytic properties, that is, efficient catalytic activities as well as ease of catalyst separation,
recovery, and reuse.

The objective of the book is to review the development and progress of nanocatalysts
and nanocatalysis over the past two decades and to provide readers with well-compiled
information about the status of the field on the synthesis and applications of various
nanocatalysts for the production of industrially and pharmaceutically important com-
pounds and synthetic materials. The book is also prepared to give quick and highly
compiled information on various topics related to nanocatalysts and nanocatalysis to
students, faculty, and industrial personnel, who are working in catalysis research. This,
in turn, is expected to promote further advances in the field.

The information in the book has been compiled in 19 chapters. The first chapter
provides some introduction on nanocatalysts and nanocatalysis. The next six chapters
are devoted to nanocatalysts or nanocatalysis for carbon—carbon and carbon-heteroatom
coupling reactions. The next two chapters are devoted to nanocatalysts and nanocatal-
ysis for fine chemical synthesis. The subsequent four chapters are devoted to the use
of nanocatalysts for oxidation—hydrogenation-type reactions. The four next chapters are
also devoted to the topic of nanomaterial-based photocatalysis and the use of nanocatal-
ysis to produce nonconventional sources of energy. The last two chapters focus on the
use of nanocatalysts in the chemical industry.

Many of the chapters are written in such a way that they dwell on the synthesis
and characterization of nanocatalysts and their properties and applications in synthesis.
Each chapter has been contributed by different groups of researchers worldwide, who
have expertise in various aspects of nanocatalysts and/or nanocatalysis. Each team
has used recent literature in its respective areas of expertise. Thus, we hope that the
book will give a broad perspective on the design and synthetic methods to various
types of nanocatalysts and their applications. In addition, the various types of advanced
characterization methods described in most of the chapters will highlight the current
state-of-the-art of various spectroscopic and microscopy tools used for elucidation of
nanocatalysts and nanocatalysis. Moreover, methods used for probing the activities of
catalysts and the strategies utilized to improve the catalytic activities and selectivities of
nanocatalysts should give further information for the researchers working in the area.

We edited this book because we realize that there are several missing areas of inter-
est in the field of nanocatalysis today, especially in light of the rapid progress being made
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in the field and the enormous number of papers being published in the area. In addi-
tion, although there are few other books written on topics related to nanocatalysis, this
book focuses on nanocatalysts and contains a comprehensive review and a fair distribu-
tion of synthesis and characterization of nanocatalysts and application of nanocatalysts
and nanocatalysis in areas ranging from pharmaceutical products to renewable energy
materials and biotransformations.

The book is possible only because of the involvement of many outstanding
researchers worldwide, who devoted a significant amount of their time to make contri-
butions to the different sections of the chapters in the book. They are the real craftsmen
of this very comprehensive book. We are, therefore, indebted to all of them, who have
contributed enormously to make this book possible. We also acknowledge the support we
have received from our coworkers, friends, and family members throughout the process
of putting the book together.

Vivek Polshettiwar and Tewodros Asefa
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