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ABSTRACT The optimization of equilibrium geometries and transition states by molecular
orbital methods is discussed from a practical point of view. Most of the efficient geometry
optimization methods rely on analytical energy gradients and quasi-Newton algorithms.
For any optimization method, there are three areas of input that directly affect the behavior
of the optimization: (a) the choice of internal coordinates, (b) the starting geometry and (c)
the initial estimate of the Hessian. A number of topics related to these three areas are
discussed with the aim of improving the performance of optimizations; these include
symmetry, dummy atoms, avoiding coordinate redundancy, overcoming strong coupling
among coordinates, conversion between coordinate systems, testing stationary points and
what to do when optimizations fail.

1. Introduction

Equilibrium geometries can be calculated routinely, reliably and accurately by ab
initio molecular orbital methods [1]. In principle, transition states can be calculated equally
well; though, in practice, transition structures require a little more skill to optimize than
equilibrium structures. The importance of geometry optimization is supported by the fact
that most molecular orbital calculations appearing in the chemical literature in recent years
involve geometry optimization to some degree [2,3]. In this Chapter, some of the practical
aspects of geometry optimization are considered. The discussions are based on the
GAUSSIAN series of programs [4] (the optimization tools available in the GAUSSIAN
system are listed in the Appendix), but the concepts and suggestions can be applied directly
to any semi-empirical or ab initio MO program that uses internal coordinates for geometry
optimization. Most molecular mechanics or empirical force field programs carry out the
optimization in Cartesian coordinates, and hence are outside the scope of this Chapter.

Geometry optimization has become routine primarily because of the availability of
efficient programs to calculate analytical energy gradients (for recent reviews see [5-8]).
Analytical gradient based geometry optimizations are almost an order of magnitude faster
than optimization methods that use only the energy. Almost all user-friendly molecular
orbital programs have analytical gradients at the Hartree-Fock (HF) level; many have
analytical gradients for the second order Mgller-Plesset perturbation theory (MP2). Some
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