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Preface

The interdisciplinary science known as Organometallic Chemistry continues to
grow apace with important developments in catalysis, synthetic and theoretical
main group, transition metal and lanthanide chemistry. all of which have poss-
ible important consequences for synthetic organic chemistry. As before it is a
pleasure to thank all of this volume’s contributors for capturing the excitement of
this important area of science.

Michael Green
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Theoretical Organometallic Chemistry

BY A.J. BRIDGEMAN

1 Introduction

This chapter aims to cover theoretical and computational studies on or-
ganometallic molecules. Section 1 covers the s and p-block elements and Section
2 covers the d- and f-block metals. Clusters, carbonyls and metal-metal bonded
systems containing M-C bonds are included. Extended systems and organic
species on metal surfaces are excluded except where calculations have been
performed on model complexes designed to mimic solid state and surface chem-
istry.

A wide variety of computational methods is employed in the computational
chemistry community. As in previous recent years, density functional theory
(DFT)continues to grow in prominence. The vast majority of the work described
in this chapter has been performed at the DFT level with the hybrid functional
B3LYP being the most popular for studies of organometallic molecules and
reactions. ‘Traditional’ ab initio approaches including Hartree-Fock (HF) and
post-HF methods (including MP2 and MP4) continue to be used, often for
comparison with DFT based methods. Semi-empirical methods now appear to
have only limited use except in the molecular mechanics (MM) calculations. A
relatively new use of molecular mechanics for large systems is in hybrid calcula-
tions where the transition metal and its coordination environment or the reactive
centre of a molecule are treated at a higher level leaving the remainder to be
treated at the MM level. These QM/MM or ONIOM calculations enable the
steric bulk of organometallic molecules to be adequately but computationally
efficiently treated and are becoming particularly prevalent in studies of reaction
mechanisms and profiles.

Only a brief mention of the computational method is given, Standard abbrevi-
ations for computational methods are employed throughout. Given the plethora
of basis sets available in modern computational chemistry programs and the
variety of basis set designations employed by authors in this field, no description
of basis sets is given. The reader should consult the original work for further
details of the computational method and the basis set.
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