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ABSTRACT

A redundant internal coordinate system for optimizing molecular geometries is
constructed from all bonds, all valence angles between bonded atoms, and all
dihedral angles between bonded atoms. Redundancies are removed by using the
generalized inverse of the G matrix; constraints can be added by using an
appropriate projector. For minimizations, redundant internal coordinates provide
substantial improvements in optimization efficiency over Cartesian and
nonredundant internal coordinates, especially for flexible and polycyclic systems.
Transition structure searches are also improved when redundant coordinates are
used and when the initial steps are guided by the quadratic synchronous transit
approach. © 1996 by John Wiley & Sons, Inc.

Introduction

‘ : eometry optimization is an important aspect
of almost all electronic structure calcula-

tions. Most of the optimizations are carried out
using some variety of quasi-Newton algorithm
employing energies and gradients. Geometry opti-
mization has been reviewed in several articles.!

*Author to whom all correspondence should be addressed.

Journal of Computational Chemistry, Vol. 17, No. 1, 49-56 (1996)

© 1996 by John Wiley & Sons, Inc.

The efficiency of an optimization depends on a
number of factors: (1) the initial geometry, (2) the
choice of coordinate system, (3) the initial estimate
of the Hessian, (4) the Hessian updating method,
and (5) control of the search direction and step
size.

As an estimate for the starting geometry for
optimizing equilibrium structures, standard ge-
ometries or structures obtained by molecular me-
chanics minimization are often good. Fortransition
structures, many quasi-Newton methods need to
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