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We study the dynamics of ‘complicated systems’ us-
ing advanced molecular spectroscopy. Especially, we are
now performing time-resolved spectroscopy for condensed-
phase molecules. Current research projects are followings:
(1) Observation and control of the wavepacket motion (vi-
brational coherence) of the condensed-phase molecules us-
ing ultrashort optical pulses, (2) femto-millisecond spectro-
scopic study of the photochemical dynamics of the compli-
cated systems, and (3) linear/nonlinear time-resolved spec-
troscopic study of micro-space dynamics in heterogeneous
systems. In the course of these researches, we develop new
methods in molecular spectroscopy.

1. Observation and control of the wavepacket
motion (vibrational coherence) of the condensed-
phase molecules using ultrashort optical pulses

(1) Observation of coherent nuclear motions in reacting
excited state molecules

Coherent nuclear motions of reacting excited state
molecules were studied by time-resolved absorption spec-
troscopy using extremely short optical pulses. We carried
out the experiment with a 27-fs time resolution for 10-
hydroxybenzoquinoline that shows ultrafast intramolecu-
lar excited-state proton transfer. We observed a clear os-
cillatory signal in the first [0 4 picoseconds that are much
longer than the reaction time (O 0.1 picosecond). This
means that the molecule exhibits the coherent nuclear
motion during, and even after, the reaction. A Fourier-
transform analysis indicated that four vibrational modes
in the 200-700 cm ™! region contribute significantly to the
observed oscillatory signal. We also examined the vibra-
tional structure of this molecule by density functional cal-
culations. It was concluded that all the four vibrations
are in-plane skeletal deformation modes that modulate the
-O-H- - -N- hydrogen-bond length.

(2) Time-domain Raman study of conformational re-
laxation of 1,1’-binaphthyl in the excited state

1,1’-Binaphthyl consists of two naphthyl rings con-
nected by a C-C single bond. Earlier works using elec-
tronic spectroscopy suggested that the photoexcitation
of 1,1’-binaphthyl in solution induces a twisting motion
around the dihedral angle between the two naphthyl rings
in the excited state. However, there have been no data
that directly support this argument from the viewpoint
of molecular structure. Low-frequency (terahertz) vibra-
tional spectra are expected to give essential information
about the structural change in the excited state. We
studied the low-frequency vibration of the excited-state
1,1’-binaphthyl in solution by using time-resolved impul-
sive stimulated Raman scattering (TR~-ISRS) spectroscopy.
The observed low-frequency vibration of the excited state
of 1,1’-binaphthyl is significantly different from that of
ground state. We concluded that this frequency difference
reflect the conformational relaxation of 1,1’-binaphthyl in
the excited-state.

2. Femto-milli-second spectroscopic study of
photochemical dynamics of the complicated sys-
tems

(1) Two-photon absorption spectrum of all-trans reti-
nal

The nondegenerate two-photon absorption spectrum of
all-trans retinal in a nonpolar solvent at room tempera-
ture has been measured for the first time. The multichan-
nel detection utilizing the technique of femtosecond time-
resolved pump-probe absorption spectroscopy has enabled
us to obtain a precise two-photon absorption spectrum.

00 1400



We have found that the two-photon absorption maximum
of all-trans retinal is located at 376 nm, which is 7nm
longer than the one-photon absorption peak. This peak
wavelength difference indicates the 500-cm™! energy gap
between the S3B, state and the S2A, state. Combining
the obtained two-photon absorption data with the avail-
able fluorescence data, we have determined the 0-0 posi-
tion of the SoAg state to be 2.47 x 10* cm L.

(2) Observation of the local solvation structure around
the solvated electron in water by picosecond time-resolved
resonance Raman spectroscopy

We measured picosecond time-resolved resonance Ra-
man spectra of water under the resonance condition with
the electronic transition of the solvated electron. It was
found that a transient resonance Raman band appears in
accordance with the generation of the solvated electron in
the bend mode region of water, as well as in the stretch
mode region. These Raman bands are attributable to the
vibration of the water molecules which directly solvate the
electron. We considered that the strong interaction be-
tween the electron and surrounding water molecules gives
rise to the large resonance enhancement in the observed
Raman spectra. The Raman frequencies of the solvating
water molecules are downshifted compared with that of the
bulk water. These downshifts indicate that the structural
change is induced by the interaction between the electron
and water molecules. The excitation profiles of the ob-
served resonance Raman bands suggested that the inten-
sity enhancement is observed under the resonance condi-
tion with the s — p transition but not with the s — conduc-
tion band transition. The polarized Raman measurement
was also measured in order to discuss the nondegeneracy
of the three sublevels in the p state which was predicted
by the theoretical calculation.

(3) Photochemical dynamics of molecules in isolated
nanospace

A self-assembled coordination cage molecule en-
clathrates guest molecules at a fixed position of the cav-
ity. Dynamics of enclathrated molecules are expected to
exhibit properties that are characteristic of the isolated
environment. We measured time-resolved fluorescence of
dye molecules enclathrated in the cage, and observed ul-
trafast dynamics which is different from that in ordinary
solution. Photochemical dynamics of molecules in isolated
nanospace is important for understanding characteristic
behavior of highly-organized molecular systems.

3. Linear /Nonlinear time-resolved spectroscopic
study of micro-space dynamics in heterogeneous
systems

(1) Development of femtosecond fluorescence up-
conversion microscope

The femtosecond time-resolved fluorescence microscope
has been developed, by combining the fluorescence up-
conversion technique and a confocal microscope. Fem-
tosecond time-resolution and nanometer space-resolution,
which are simultaneously realized in this microscope,
were demonstrated by measuring time-resolved fluores-
cence from micrometer-sized particles (latex beads and dye
droplets) that were trapped by laser irradiation. A time
resolution as high as 0 600 fs has been achieved.

(2) Observation of the exciton dynamics in perylene
microcrystals

We measured the exciton dynamics in an organic micro-
crystal, perylene, by using newly developed femtosecond
fluorescence up-conversion microscope. Taking advantage
of femtosecond time- and nanometer space-resolutions, the
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fluorescence from microcrystals was clearly time-resolved
and the ultrafast relaxation dynamics of the free exciton
and Y-state was clarified at room temperature. We found
that the exciton dynamics significantly depends on the po-
sition in the microcrystal, reflecting the spatial distribution
of the defect.
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