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ABSTRACT: A theoretical approach to simulation of the transient
spectra in molecular systems with ultmfast photoinduced nonradiative
electronic tramsitions & developed. The evolution of the excited and
ground state populations as well as the nonradiative transitions between
them are calculated in the framework of the stochastic multichannel point-
transition model involving the reorganization of the medium and the
intramolecular high frequency vibmtona modes Simulaions of transient
spectra of donor—acceptor pais excited in the charge-transfer band that
are accompanied by ultrafagt charge recombination into the ground state
demonstrate a possibility of positive band appearance in the transient
absorption spectrum caused by those systems in the ground state, which
returned there fom the exdted state. The region of the parameters of the
donor—acceptor systems where a positive ground state absorption signal
can be observed is disqussed. A qualitative comparison of the dmulted
transient spectra with the experimental data on betaine-30 is presented.
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l. INTRODUCTION

Photoexdtation of donor—acceptor pais in the charge-transfer
band in polar solvents, in most cases, iz acoompanied by
ultrafast charge recombination (CR}.I_ " Irvestigations have
uncovered the substantial role of mudear nonequilibrium in
ultrafast CR* ™ Indeed, in ultrafast CR the nonequilibrium
initial nudear state produced by the pump pubke relazes in
parmllel with itz chemical tandormation, so that the reaction
proceeds in a nonequilibrium regime. One of the brightest
manifestation of the nonequilibrium regime is a dependence of
the effective CR rate constant on the excitation pulse carrer
frequency (the spectral effect)."™*~"* Nonexponential kinetics
of excited state population decay is another manifestation of the
moredyuili brivm Leginr&e.l':"u

Theoretical description of ultrafast chemical transformations
is usually aimed at simubition of the population kinetics that is
characterized by the only parameter: the rate constant. Even a
good fitting of the only parameter does not guarantee that an
accepted model adequately describes other characteristics of the
chemical tramsformation. Obwvioudy, much more sophisticated
models are required for quantitative simulation of the spectral
dynamics obtained in pump—probe experiments. Indeed, the
femtosecond spectroscopy provides possibilities of more
detailled investigations of ultrafast dymamics of intra- and
intermolecular transformations of fuomphores in solu-
Hons ™! However, the spectroscopic data indireatly charac-
terize the system dynamics and they can be comprehended only
in the framework of certain theoretical concepts™ ™

The spectra obtained in p —probe experiments are
composed of several mmpmemus..nm Typically, the sigrals
of excited state absorption (ESA), stimulated emission (SE),
and bleach {BEL) are considered " Although the formal theory
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of pump—probe experdments is well devdaped,lw'l“' its
application to the interpretation of ultrafast photochemical
processes encounters grave difficulties cawsed by several
remons. A pump—probe sgnal of real molecular systems
consists of many spectral bands comesponding to different
intramolecular transitdons and the number of such bands can be
only guessed Overlap of these spectral bands creates one of
them In particular, relatively weak bands can be cornpletely
imvisible due to ovedapping with stronger bands. To describe
the ime evolution of the pump—probe signal in systems with
ulrafist chemical transformations, a detailed theory of such
tramsformations is needed. Typically, an aim of chemical
reaction theories is the calcubiion of the rate constant of
corresponding reaction™ ™5™ whereas a description of the
spectral evolution needs the tme-dependent distribution
function over the states of the sysem. This leads to one
more difficulty of the theary.

A few approaches for description of the influence of the
chemical tmnsformation on the tmnsient signak have been
suggested A theory to caloulate the purmp—probe spearoscopy
of the curve-crossing nonadiabatic charge sepamtion processes
with harmonic potential surfaces embedded in a dielectric
continuum mode has been developed to treat charge
sepamtion processes in solutions with high friction ™ The
theary suggests the simulation of chemical tramsfommations in
terms of Zusman's stochastic appmachm This approach does
not address the reorganization of high-frequency intramolecular
vibraional modes that cn be of primary importance in
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