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Preface

The French chemist Marcelin Berthelot put forward a classical
and by now an often cited sentence revealing the quintessence of
the chemical science: "La Chimie cree son objet". This is certainly
true because the largest number of molecular compounds were
and are continuously synthesized by chemists themselves. However,
modern computational quantum chemistry has reached a state
of maturity that one can safely say: "La Chimie Theorique
cree son objet" as well. Indeed, modern theoretical chemistry is
able today to provide reliable results on elusive systems such
as short living species, reactive intermediates and molecules
which will perhaps never be synthesized because of one or
another type of instability. It is capable of yielding precious
information on the nature of the transition states, reaction paths
etc. Additionally, computational chemistry gives some details of
the electronic and geometric structure of molecules which remain
hidden in experimental examinations. Hence, it follows that
powerful numerical techniques have substantially enlarged the
domain of classical chemistry. On the other hand, interpretive
quantum chemistry has provided a conceptual framework which
enabled rationalization and understanding of the precise data
offered either by experiment or theory. It is modelling which gives
a penetrating insight into the chemical phenomena and provides
order in raw experimental results which would otherwise represent
just a large catalogue of unrelated facts. One should point out
here that by models we imply simple physical models, obtained
in a controlled way, which reflect the essence of systems under
study. It is also noteworthy that models can be developed in a
completely ab initio fashion without any resort to experiment
thus supporting once more a previous statement that theoretical
chemistry creates its own object of research. However, modern
investigations of the structure and properties of matter at the
molecular level require joint efforts of computational and interpretive quantum chemistry combined with empirical chemical
research. Concomitantly, the main impetus for the Series "Theoretical Models of Chemical Bonding" was a need to increase
understanding and the cooperation of researchers of these con-
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ventionally and traditioI?-ally separated disciplines of chemical
investigation.
The fourth volume deals with giant molecular systems of biological interest and their interactions. Since they are out of grasp
of the rigorous ab initio methods, penetrating wisdom and suitable
models are the only means in exploring their properties. This is
not necessarily a drawback because an approximate picture
offerred by an casy to understand model may be more useful than
a very accurate but obscure solution provided by a plain quantum
theory of numbers. Consequently, the emphasis in the book is
laid on the qualitative aspects of the theory which does not imply
that necessary mathematics is avoided. The chapters are intended
to give "the state of the art" survey of the most important scientific
findings in the respective fields. Their overlapping is not zero, which
is a desirable feature because it increases the readability of the
text. In particular, the interested reader will find that electrostatic
interactions are an essential ingredient of several chapters. This is
not surprising since electrostatics is, figuratively speaking,
Ariadne's thread which enables a pathway to be traced through
a labyrinth of a large number of interactions and degrees offreedom
in extended (almost infinite) systems like biopolymers, molecular
crystals, solutions etc.
The present volume begins with an extensive description of the
important fragmentation approach in studying gigantic chemical
systems. The underlying idea is a reduction of the insoluble
problems involving perhaps thousands of atoms to a problem of
interactions of small units or building-blocks. The choice of the
(transferable) basic units is not unique, meaning that their definition
is a delicate decision. Attention is focused here mainly on the
functional groups since other possibilities were discussed in detail
in vol. 2 of the Series.
A brief chapter is devoted to a combined quantum and classical
(semiclassical) approach in investigating structure, motion and
reactivity of proteins and nucleic acids which in turn provide a
key to understanding biological systems. This is followed by the
molecular fragment FSGO basis set methodology applied to
examining the electronic excited states of individual biomolecules
(chlorophyll, porphyrin etc.) and their aggregates.
The long range molecular interactions, their classical electrostatic components and a general partitioning of weak interactions
into meaningful physical contributions are then considered in great
detail. The formalism is illustrated by applications to some simple
VdW and hydrogen-bonded dimers. Then a review of accurate ab
initio procedures suitable for description of hydrogen-bonded
systems is given.
The following block of chapters is dedicated to chemical
reactivity. It commences with the concept of extramolecular
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electrostatic potential which yields important clues in locating
reactive sites in molecules. Then the model of curve-crossing/avoided crossing diagrams based on the VB approach is scrutinized
illustrating a power of a proper mixture of qualitative ideas and
particular quantitative procedures in considering chemical reactivity. This block is concluded by a survey of theoretical treatments
of chemisorption and in particular by a discussion of bonding
between metal particles and metal adsorbents. A deep analysis
reveals a key role of the symmetry principles and rehybridization
which are of utmost importance for understanding chemical
reactivity on boundary surfaces.
The last part of the book addresses the questions of bulk and
spectral properties of molecular crystals and the chemically extremely important problem of solvent effects involving their influence
on molecular propcrties and reactivity.
To reiterate, if this book and the whole Series contribute
to a better understanding of the modern theoretical chemistry and
to an increased collaboration between molecular scientists working
in differcnt fields, then our efforts will be greatly rewarded.
Finally, it is my pleasant duty to thank all authors for their
scholarly written articles. I am also grateful to the Alexander von
Humboldt-Stiftung for financial support since a part of editing has
been performed during my stay at the Organisch-chemisches
Institut der Universitat Heidelberg. Thanks go to Professor
R. Gleiter too for his hospitality and stimulating discussions.
Z. B. Maksic
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