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Analysis of the concept of minimum energy path on the
potential energy surface of chemically reacting systems
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Dietmar Heidrich
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Some confusion regarding the properties of minimum energy paths is evident
in the literature. We show that a way of steepest descent on a potential surface
can be defined independently upon the choice of the coordinate systems. The
result is applied to mass-weighted coordinates and their use is critically
reviewed. Fukui’s IRC appears to be a special case of the steepest descent
path starting from a saddle point. The impossibility to define a general ascent
path is illustrated and the relations of IRC to real trajectories are discussed.

Key words: Potential energy surface—role of coordinate system—path of
steepest descent—curvilinear coordinates—mass weighted coordinates.

1. Introduction and formulation of the problem

The concept of potential energy surfaces (PES) as a basis for the understanding
of chemical reactions was successfully used in Transition State Theory[1]. Starting
point for this concept is the adiabatic separation of the movement of the electrons
from that of the nuclei in a given chemical system. The changes in the frame of
the nuclei are controlled by a potential function U(x) depending parametrically
on the positions of nuclei x’. Stable arrangements (reactants, products, inter-
mediates) are minima in U(x) characterized by x,;,; transition states correspond
to saddle points (sp) of first order [2] in U(x) characterized by x,,.



