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We are developing approaches to modeling properties and reactivity of chemical
substances in condensed phases by using molecular dynamics simulations with the quantum
mechanical potential energy surfaces. In particular, structures and spectra of small molecules
and intermolecular complexes trapped in rare-gas clusters have been considered {1-6]. Such
systems serve as the models to study matrix isolation phenomena at low temperatures. The
potentials are constructed by a combination of ab inific quantum chemistry methods and
semiemirical quantum-based techniques, like diatomics-in-molecules (DIM). An important
feature of this approach is that the many-body contributions to the interaction energy are
taken into account. Molecular dynamics simulations on these potential energy surfaces for
the ground and excited electronic states allow one to estimate vibrational and electronic
spectra of the trapped species. Applications include calculations of electronic properties of
lithium clusters inside argon shells [1], vibrational spectra of NBr [2], HF {3], hydrogen
fluorine dimer [4] in argon, vibronic spectra of chlorine molecule in neon clusters [5], and
SH radical in krypton [6,7].

A novel direction is a development of the combined Quantum Mechanical -
Molecular Mechanical (QM/MM) theory for use in simulations of biomolecular systems [8].
At the present stage, the potentials for QM subsystems can be computed at the various ab
initio levels (Hartree-Fock, multiconfigurational self-consistent field, Moller-Plessett
perturbation theory), while the potentials for MM subsystems are described by conventional
force field parameters.
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