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A quantum mechanical theory for chemical reaction rates has recently been developed [J.
Chem. Phys. 119, 1329 (2003)] which is a generalization of the earlier semiclassical (SC)
instanton approximation [J. Chem. Phys. 62, 1899 (1975)]. This quantum instanton (QI)
description has many of the qualitatively desirable features of the earlier SC model--e.g., the
reaction rate is expressed wholly in terms of the Boltzmann operator of the system--but it
corrects its major quantitative deficiencies by utilizing the quantum Boltzmann operator, exp(-
H/KT), rather than its SC approximation. Since calculation of the quantum Boltzmann operator
is feasible for quite complex molecular systems (by Monte Carlo path integral methods), having
an accurate rate theory that involves only the Boltzmann operator could be quite useful.
Application of the QI approximation to several one- and two-dimensional model problems
illustrates its potential; e.g., it is able to describe thermal rate constants accurately ( no more than
~10-20% error) from high to low temperatures deep into the tunneling regime, equally well for
asymmetric as well as symmetric potentials. A recent applicationtotheH+CH 4> H 2 +
CH_3 reaction in its full (18d) cartesian space (using Montel Carlo path integral methods)
illustrates how the approach can be implemented for reactions involving many degrees of
freedom.
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Semiclassical (SC) theory provides a good description of essentially all
quantum effects (interference/coherence, tunneling, symmetry effects of
identical particles, quantization of bounded motion, etc.) in molecular
dynamics; this has been long appreciated and validated by many
applications to small molecular systems [cf. Adv. Chem. Phys. 25, 69-177
(1974)]. Since SC theory is built on the classical trajectories of the
dynamical system, it should in principle be possible to use it also to add
quantum effects to classical molecular dynamics simulations of complex
molecular systems (i.e., those with many degrees of freedom), e.g.,
chemical reactions in solution, in clusters, in bio-molecular or any
complex environment. The practical implementation of SC theory for
systems with many degrees of freedom is based on various initial value
representations (IVRs), which have recently undergone a re-birth of
interest in this regard. This talk reviews the basic idea of the SC-IVR
approach and describes a variety of recent applications that hat been
carried out using it. [For a recent overview, see J. Phys. Chem. A 105,
2942-2955 (2001).]




