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In most controlling methods of the chemical reaction of molecules, the detailed
picture of molecular structures in the transition states cannot be understood. The
establishment of systematic control of the reaction needs the knowledge about the
transient change of molecular structures. However, the time scale of the change in
molecular structures during the reaction is less than 1 ps, which makes it difficult
to observe molecules in the transition states. The evolution of ultrashort pulsed
lasers enabled us to observe the real-time transient structural change during the
photo—induced chemical reactions. Ti:Sapphire lasers have been widely used for these
researches, but fiber lasers, which have advantages for many applications, are
expected to replace with Ti:Sapphire lasers. However, due to the narrower bandwidths
and longer pulse durations of fiber lasers, it was difficult to utilize them for the
observation of ultrafast phenomena.

The first purpose of this research is to develop a fiber laser system that has a wide
bandwidth and a short pulse duration. Developed light source by this research
overcomes the bandwidth narrowing during the amplification and has enough pulse
energy (35 n]) and pulse duration (41 fs) that eneables the observation of the
transient change of molecules. In addition, this light source has an advantage of




the tuning range around 500nm which cannot be covered by the fundamental and the second
harmonics of Ti:Sapphire lasers. '

The second purpose is to observe nuclear wave—packet motions in organic molecules
hy using the developed light source. Wave—packet motions of cyanine and azobenzene
molecules were successfully captured, and comparing these experimental results with
theoretical predictions by first-principles calculations actual molecular
vibrational modes can be identified. In the case of cyanine molecules, it is inferred
that some of the carbon chain metions are remarkably ebserved in the eyanine molecules
with a shorter conjugated chain in comparison to the cyanine molecules with a longer
conjugated chain. In the case of azobenzene molecules, the results of this work
suggest that side groups in an azobenzene may enhance the isomerization by inversion
rather than by rotation.




