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In this project, we investigated the excited-state multiple-proton transfer reactions in
hydrogen-bonded clusters and coordination and solvation structures of the metal ions
in the gas phase with frequency-resolved spectroscopy. Picosecond-time resolved
spectroscopy was used to measure the excited-state decay times that provide
information on the mechanisms of excited-state multiple-proton transfer and the
isomerization of hydrogen-bonded network. These experiments provided new specific
features on the excited-state dynamics involving the proton transfers and an
isomerization of the hydrogen-bonded networks. This study has been extended to
investigate the water migrations in model amide-water clusters. A clear evidence of

the migration of the water in the C=0 site to the NH site was observed by ionizing



acetoanilide-water or formanilide-water 1:1 cluster. We applied infrared spectroscopy
to gas-phase cluster ions prepared by stepwise addition of solvent molecules (water,
ammonia, methanol, etc.) to a singly charged metal ion (Mg, V, Fe, Co, Ni, Cu, Ag).
Analyses of the IR spectra with the aid of theoretical calculations provide information
on the coordination and solvation structures of the metal ions. These structures were
compared with those in the solution phase. A wave-packet propagation approach to
describe electronically nonadiabatic chemical dynamics was developed by combining the
semiclassical frozen Gaussian method for adiabatic propagation on single potential energy surface
and the scattering theory used to incorporate the effect of nonadiabatic transition. This theory has

been applied to calculations of nonadiabatic wave packet dynamics of several systems.
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