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Part I-—Investigations of Femtosecond High Power
Laser Chemistry
Part II--— Investigations of Ultrafast Processes in
Photochemistry

In collaborating with the experimental group, in
this project we shall study the high-power laser
lonization-dissociation of 2-methyl- and 3-methyl-
cyclopentanone, that is, studying the effect of the



Y

methyl substitution. Although in the low intensity
range, [<1014 W/cm2, the molecular dissociation takes
place in a statistical manner so that the RRKM theory
can be used. As I increases, another channel of
molecular dissociation, field assisted dissociation
(FAD), opens up. Another purpose of this project is
to theoretically study FAD; it will be treated by
using the time-dependent adiabatic theory.

In our preliminary work, we have shown that at a
certain time-interval, the potential surface become
dissociative while at other intervals the surface
becomes stable. This 1s compatible with the FAD
behaviors. Since this time-dependent adiabatictheory
1s not much studied, we shall not only apply it to
study FAD but also generalize it so that it can be
applied to surface-enhanced Raman scattering, tip-
enhanced Raman scattering etc.

Due to the observation that the isotope effect in
photo-induced proton (or hydrogen) transfer is not as
significant as 1s to be expected, in this project we
shall propose a different appreach for treating the
photo-induced proton (or hydrogen) transfer in which
we regard this process as a transition between the
two excited surfaces (that is, the initial excited
state surface and the final transferred state
surface). In other words, we shall regard the photo-
induced proton (or hydrogen) transfer as a non-
adiabatic transition. Our preliminary results
indicate that in the strong coupling case we obtain
the Marcus-type of equation which exhibits a
significant temperature effect and that in the weak
coupling case we obtain the quantum rate expression
which exhibits a weak temperature effect. The isotope
effect will be expected to be not significant because
in a non-adiabatic transition, the Frank-Condom
factors play a very important role in the transition.

ionization-dissociation, field-assisted dissociation,
time-dependant adiabatic theory, photo-induced proton
transfer, non-adiabatic transitions, vibrational
relaxation, intramolecular vibrational redistribution
(or relaxation), vibrational energy transfer
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(Part I: Investigations of Femtosecond High Power Laser Chemistry; Part I1:
Investigations of Ultrafast Processes in Photochemistry)
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