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Abstract

We address the issue of quantum decoherence in mixed quantum classical simulations. We demonstrate that restricting the
bath paths to a single stationary path which connects an initial quantum state to a final quantum state affects a coarse graining of
the quantum subspace which leads to a macroscopic loss of quantum coherence. The coarse graining can be described in terms
of reduction mappings of the density matrix of the reduced quantum system + stationary bath path. Application of the present
model to various prototypical condensed-phase chemical problems reveals that non-adiabaticity is extremely sensitive to the
decoherence timescale. Furthermore, we derive how to obtain quantum coherence timescales from realistic mixed quantum
classical simulations and use this information to compute the non-radiative lifetimes for an excess electron in H,0 and D,0. We
demonstrate that subtle differences in the quantum coherence times provide a rationalization for a long-standing puzzle
regarding the lack of experimentally observed isotopic dependence of the non-radiative lifetime of a photoexcited electron

in H,O and D,0.
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1. Introduction

In computer simulations of condensed-phase che-
mical processes it is often desirable to partition the
system into a few select degrees of freedom which are
treated explicitly by quantum mechanics while treat-
ing the remainder as classical or quasiclassical
variables.” In these simulations, the quasiclassical
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! Presented at the 2nd Electronic Conference on Computational
Chemistry, November 1995. This issue along with any supplimen-
tary material can be accessed from the THEOCHEM HomePage at
URL:http://www.elsevier.nl/locate/theochem.

* The literature on mixed quantum classical molecular dynamics
simulations is enormous: see for example [1](a). For some recently
developed adiabatic methods see [1](b).

variables are used to generate a potential energy sur-
face which defines the eigenstates of the quantum
system for a given configuration. These states in
turn define the potential surfaces which govern the
motion of the quasiclassical variables. Under the
Born—Oppenheimer approximation, the quantum
states follow the classical variables adiabatically and
no transitions occur between the quantum states.
However, transitions in the quantum system occur
when the adiabaticity conditions can no longer be
satisfied, such as when the classical motion becomes
very fast relative to the quantum evolution or the
quantum energy levels become nearly degenerate.
Such non-adiabatic or radiationless transition
mechanisms play fundamental roles in many chemical
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