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Foreword

Physics and chemistry of nanosized species have been the focus of attention of scientists for the last three decades. During
this period of time even the name of this field of science has changed. Initially, the science has been dealing with ““ultra-
dispersed” particles. Later on, the scale of the species under study has been restricted to nanodimension. In fact, the
properties of particles within this dimension of sizes differ from the both atoms (molecules) and bulk matter. The
worldwide revolutionary developments in the science of nanosized particles became possible because of the efforts of
physicists, chemists, biologists, experts in material science, and theoreticians. Later on, this field of science attracted the
attention of the representatives of such fields like ethics and economy.

The chapters of the book having been put forward to the reader are related to all practically important fields of
interest, discussing a wide frame of points starting from application of nanoparticles in the field of manufacture, the
devices for informatics and electronics and ending with self-assembly of metal nanoparticles, their characterization and
relevance to biosystems.

All known and used in practice methods of preparation of nanosized particles are discussed in more or less details in
the chapters of the book. Two problems are of crucial importance to this field of chemistry. The first issue is to find
driving forces, which regulate composition, size, and shape of the species. The task is to find trajectories of self-assembly
to get nanosized products in different ways, starting from atoms or metal salts and ending with bulk metals. The second
issue is to stabilize the product against the metal core or ligand shell reorganization, decomposition and agglomeration.
Both issues are discussed in the book offering many useful approaches.

The main issue of the book is application of nanosized particles in both homogeneous and heterogeneous catalysis. A
variety of reactions catalyzed by metal colloids or supported nanosized metals is discussed. The most intriguing reaction
seems to be ethane hydrogenolysis catalyzed by Pt clusters on porous carrier and studied by G. A. Somorjai and his
group. Another challenging observation by this group is shape isomerization of Pt metal particles affected by the addition
of silver ions.

The book is addressed to a wide circle of chemistry, physics, and biology reading public. From the first line itself, this is
the book for scientists interested in the syntheses, characterization, and different fields of application of nanosized
species.

Tlya I. Moiseev
(Russian Academy of Sciences, Moscow)



Editorial

Metal nanoclusters have been wittily called “‘strange morsels of matter” by R. Pool in an interesting note that appeared in
Science in 1990. We agree with him in that metal nanoclusters are to be considered as links between bulky and molecular
matter and insofar they represent a unique kind of species. Depending on the temperature and especially on the applied
physical method we use to investigate them, they may still behave as a piece of metal or as a molecular-like system that
has to be described by means of quantum mechanical rules rather than with those valid for classical physics. In the size
regime below "2 nm quantum properties dominate. Nanoclusters of that size indeed exhibit discrete electronic energy
levels like atoms do. This is why they are also called artificial big atoms. It can be foreseen that nanoclusters of that size
will play a decisive role in future nanoelectronic devices as single electron switches or transistors. Furthermore, metal
nanoclusters begin to significantly influence developments in medicine. Due to their size, they can interact with cell
components that are also located on the nanoscale. Novel discoveries in diagnosis as well as in therapy foreshadow
chances that never existed before. So, metal nanoclusters are not only fascinating scientific objects, but also applicable in
many important practical fields.

In fact, metal nanoclusters are no longer only ““strange morsels of matter” but they are designable key components of
most important research- and industry-relevant catalysts in chemical processing. In supported metal (0)-based metal
catalysts, the metal nanoclusters size is obviously related to the catalyst activity in that this feature relates to specific
active surface area. However, for structure-sensitive reactions, metal nanoclusters size (and even shape) relates also to
catalytic chemoselectivity. In this specific connection, a paradigmatic example is the remarkable ability of nanostructured
A 10 catalyse the oxidation of CO to CO, with dioxygen in the presence of large excess of dihydrogen only if metal
nanoclusters size is close to 3 nm.

Most metal nanoclusters employed in catalytic applications are made up of one metal only. Indeed they may be bi- and
polymetallic clusters. In the conventional metal catalysts, bi- and polymetallic nanoclusters or nanoparticles are sup-
ported on inorganic supports. The second and third metal can exert a strong effect on activity and selectivity of metal
catalysts albeit this effect is not completely clarified. Therefore, the design of polymetallic catalysts is not yet well
established, although engineers are eager for it. Now, scientists can control the size and, to some extent, the structure of
bimetallic nanoclusters. For example, bimetallic nanoclusters with a core/shell structure are very popular now. If the total
size of bimetallic clusters is less than 2 nm, the core could be surrounded by the only one-atom-layered shell. The catalytic
property of active site in the shell element can be easily altered by core elements. This will provide a new concept for the
catalyst design. Nanotechnology can also provide a tool to design supported catalysts by combination of metal nano-
clusters with nanoparticles of inorganic metal oxide. Now, after a long history as metal colloids since Faraday’s times,
metal nanoclusters have gained a definite position in science and technology. ’

This book is aimed at being a reference book for all scientists who need to play with the physics, the structure and the
chemistry of metal nanoclusters. Its content is organised in two parts in such a way that it may be considered as a
textbook (General Aspects, Part 1) and as a handbook (Methodologies, Part 11). In the name of the numerous scientists
who contributed chapters to the book, we do hope that its presence in the bookshelves of many scientists all over the
world for a number of years ahead, will be reassuring for the design, synthesis and characterisation of many useful
“strange morsels of matter™.

Benedetto Corain Giinter Schmid Naoki Toshima
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