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Abstract: We develop a picosecond time-resolved Raman spectrometer with a near-infrared
sensitive ICCD. By using near-infrared picosecond time-resolved Raman spectroscopy in
combination with femtosecond time-resolved near-infrared absorption spectroscopy, we can study
the structure and dynamics of short-lived species associated with “loose electrons”.

Time-resolved spectroscopy in the near-infrared region has not been fully utilized. However,
many of the photochemical systems that have "loose" electrons, such as intra- or inter-molecular
charge transfer states or electronically excited states of large conjugated systems, have absorption
in this spectral region. Because electrons have to become loose when a chemical reaction occurs, it
is important to trace them directly with time-resolved spectroscopy. We develop a femtosecond
time-resolved near-infrared spectrometer with the wavelength coverage of 0.9 to 1.5 um. We also
develop a picosecond time-resolved Raman spectrometer that can be used with the probe light in
the near-infrared. By using both of these spectrometers, we can study the structure and dynamics
of short-lived molecular species associated with the "loose electrons". The combination of the two
methods is quite effective when studying detailed mechanism of chemical reactions.

Both of the femtosecond time-resolved near-infrared spectrometer and picosecond time-resolved
Raman spectrometer use the pump-probe technique. The probe light of the femtosecond time-
resolved near-infrared spectrometer is generated by self-phase modulation on a sapphire plate
where the amplified output of a mode-locked Ti:sapphire laser is focused. The probe light after the
photoexcited sample is dispersed by a spectrograph and is detected by an InGaAs array detector.
For the picosecond time-resolved Raman measurement, the probe light is generated at an optical
parametric amplifier pumped by the second harmonic of the amplified Ti:sapphire laser output. A
near-infrared sensitive ICCD [1] is used as the detector, which enables us to record near-infrared
excited picosecond Raman spectra with good SN ratios.

Photoinduced intramolecular electron transfer of 9,9'-bianthryl (BA) in polar solvents has been
actively studied as a prototype photochemical reaction. In this reaction, the locally excited (LE)
state is the reactant while the charge transfer (CT) state is the product. There remain basic
questions, however, concerning the mechanism of this reaction. It is not clear, for example, if there
is an intermediate state between the LE state, which is formed immediately after the
photoexcitation, and the CT state, which is produced in a few hundreds femtoseconds or in several
picoseconds depending on the solvent polarity. We need to know the characters of the LE and CT
states, as well as their decay and rise kinetics, for understanding this basic electron transfer
reaction.

We first measured the femtosecond time-resolved near-infrared spectra of BA. The decay of the

LE state and the rise of the CT state were clearly recorded. The LE state decayed in 0.4 ps while
the CT state appeared in 0.4 ps. There was no intermediate observed between the two states. The
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LE state was directly converted to the CT state. We also measured the time-resolved near-infrared
spectra of anthracene (monomer) and N-(9-anthryl)carbazole (C9A). All the three molecules
showed similar transient absorption bands in the near-infrared region (Fig. 1). The LE state of BA
should be similar to the first excited singlet (S;) states of anthracene and C9A.

For studying the reacting state of the electron transfer reaction further, we measured the
picosecond time-resolved resonance Raman spectra of the three molecules with the probe light
wavelength of 1064 nm. The obtained spectrum for the S state of anthracene is shown in Fig. 2.
The spectrum agrees with the reported spectrum of S; anthracene obtained by the time-resolved FT
Raman method [2], although the use of the ICCD detector enabled us to reduce the exposure time
by an order of magnitude. As shown in Fig. 1, the near-infrared absorption of the LE states of BA
and C9A were similar to the anthracene’s absorption. Their Raman spectra, however, were quite
different. It is likely that the character of the reactant LE state of BA is not identical with the S;
state of anthracene. It is possible that the vibrational dephasing rate in the LE state of BA is much
larger than that of the anthracene S; state. From the Raman data, it is obvious that the presence of
the neighbouring anthracene ring affects the electronic and vibrational states of the LE state of BA
substantially.

Both of the two time-resolved spectroscopic methods in the near-infrared region are
indispensable for obtaining key information on the electron transfer reaction of 9,9'-bianthryl.
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Fig. 1. Transient near-infrared spectra of Fig. 2 Picosecond transient Raman spectrum of S;

anthracene (a, 200 ps), 9,9 -bianthryl (BA)  anthracene probed at 1064 nm. Exposure time, 17
(b, 240 fs), and 9-anthrylcarbazole (C9A) min.
(c, 240 fs).
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