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ATTEMPTS TO DEVELOP PICOSECOND TIME-RESOLVED NEAR-INFRARED
RAMAN SPECTROSCOPY WITH APPLICATIONS TO THE STUDY OF
CONDUCTING POLYMERS

Mitsuo Tasumi (tasumi@chem.saitama-u.ac.jp) and Akira Sakamoto

Department of Chemistry, Faculty of Science, Saitama University,
Urawa, Saitama 338-8570, JAPAN

The first author's research group, located previously at the University of Tokyo and presently
at Saitama University, has been interested in near-infrared Raman spectroscopy since the first
successful measurements by the same group in 1986 with a dispersive spectrometer [1].
Raman measurements in the near-infrared are often useful for eliminating the 'fluorescence
background,' and time-resolved measurements are expected to give dynamic information on

materials having transient absorptions in the near-infrared, including conducting polymers.

In 1992, we published a paper on a new method of time-resolved infrared measurements
called ‘'asynchronous time-resolved Fourier-transform infrared spectroscopy' [2].  This
method was extended by us in 1993 to asynchronous pulsed-laser-excited FT Raman
spectroscopy using 100-ns pulsed light at 1064 nm [3]. Jas et al. succeeded in achieving 100
ps time resolution in 1995 by using 1064-nm light, a step-scan FT spectrometer, and a lock-in
amplifier [4]. Asynchronous time-resolved FT Raman measurements with 100-ps pulses
(1064 nm) were reported by us in 1998 [5].

In 2000, we published a paper dealing with picosecond time-resolved infrared absorption
studies on the photoexcited states of poly(p-phenylenevinylene) [6]. It is most desirable to
obtain time-resolved Raman spectra from the same sample at the same time resolution (2.8
ps). For this purpose, we have been trying to set up (1) a picosecond time-resolved FT
Raman spectrometer using a step-scan interferometer and (2) a picosecond time-resolved
Raman spectrometer using an InGaAs array detector combined with a conventional dispersive

spectrometer. The results of these efforts will be discussed.

[1] M. Fujiwara, H. Hamaguchi, and M. Tasumi, Appl. Spectrosc., 40, 137 (1986). [2] K.
Masutani, H. Sugisawa, A. Yokota, Y. Furukawa, and M. Tasumi, Appl. Spectrosc., 46, 560
(1992). [3] A. Sakamoto, Y. Furukawa, M. Tasumi, and K. Masutani, Appl. Spectrosc., 47,
1457 (1993). [4] G. S. Jas, C. Wan, and C. K. Johnson, Appl. Spectrosc., 49, 645 (1995).
[5] A. Sakamoto, H. Okamoto, and M. Tasumi, Appl. Spectrosc., 52, 76 (1998). [6] A.
Sakamoto, O. Nakamura, G. Yoshimoto, and M. Tasumi, J. Phys. Chem., 104, 4198 (2000).
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CONSTRUCTION OF A PICOSECOND TIME-RESOLVED RAMAN
SPECTROMETER WITH NEAR-INFRARED EXCITATION

A. Sakamoto, S. Matsuno, and M. Tasumi

Department of Chemistry, Faculty of Science, Saitama University, Saitama 338-
8570, Japan; E-Mail: sakamoto@chem.saitama-u.ac.jp

With the development of Fourier Transform Raman spectroscopy, near-infrared FT-
Raman spectroscopy has become a powerful tool in a wide range of areas in science and
technology. In near-infrared Raman spectroscopy, CW lasers have been mostly used
for Raman excitation. Cutler et al. have used pulsed lasers in near-infrared FT-Raman
spectroscopy in 1991 by synchronizing the Raman excitation to the analog-to-digital
converter sampling point [1]. In contrast with this synchronous method, we have
developed an asynchronous pulsed-laser-excited FT-Raman spectrometer based on a
conventional continuous-scan interferometer using 100-ns pulsed light at 1064 nm in
1993 [2]. Jas et al. succeeded in achieving 100 ps time resolution in 1995 by using a
combination of 1064-nm light, a step-scan FT spectrometer, and a lock-in amplifier [3].
Asynchronous time-resolved FT-Raman measurements with 100-ps pulse (1053 nm)
were reported by us in 1998 [4]. In the present study, we constructed two types of near-
infrared excited Raman spectrometers with about 4 ps time resolution: (1) a picosecond
time-resolved FT-Raman spectrometer using a step-scan interferometer and a Ge
detector and (2) a picosecond time-resolved Raman spectrometer using an InGaAs array
detector combined with a conventional dispersive spectrometer.

The experimental setups used for picosecond time-resolved Raman measurements
with near-infrared excitation are schematically shown in Fig. 1. The 1064-nm light
(repetition rate 1 kHz) from a picosecond optical parametric generator/amplifier excited
by the fundamental output from a picosecond Ti:sapphire regenerative amplifier was
used to probe the Raman scattering from the excited sample by the pump-probe
technique. The second harmonic output (wavelength 388 nm) from the Ti:sapphire
regenerative amplifier was used to excite the sample. Raman-scattered radiation passed
through holographic notch filters was steered to (1) the step-scan FT spectrometer
equipped with a Ge detector or (2) the dispersive spectrometer with an InGaAs array
detector. The cross-correlation time between the pump and probe pulses was about 4 ps.

The principle of signal processing used for the step-scan FT-Raman spectrometer is
new and briefly outlined in the following. The interfering signals detected by a Ge
detector at each step are delivered to a gated integrator. The outputs from the gated
integrator at the same step are averaged by a boxcar averager using a time constant
much longer than the interval of the probe pulses. The averaged signal at the step is
sampled by a A/D converter at its own sampling timing. The interfering signals



collected at every step in the same manner correspond to a discrete interferogram.
Inverse Fourier transformation of this interferogram gives a Raman spectrum.

Since the probe wavelength (1064 nm) is located at the edge of the wavelength
region obtainable from our optical parametric generator/amplifier, the fluctuation in the
probe-pulse energy is considerably large. In spite of this large fluctuation in the probe
energy, ordinary Raman spectra of solid and liquid samples can be obtained with
satisfactory signal-to-noise ratio by using both the step-scan FT interferometer and the
dispersive spectrometer (probe energy: 2 — 3 ul/pulse; acquisition time: 10 — 20
minutes). In addition, we succeeded in obtaining transient Raman spectra of highly
fluorescent anthracene derivatives in their first excited singlet states by a dispersive
spectrometer and an InGaAs array detector.

Pump Light
388 nm FR ﬁ
— — (1 (2)
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Fig. 1. Schematic diagram of the setup used for picosecond time-resolved
Raman measurements with near-infrared excitation. SErF,
frequency-doubled, mode-locked, diode-pumped Er-doped fiber
laser; Nd:YAG, CW Q-switched Nd:YAG laser; SHG, second-
harmonic generation; Ti:Sapphire RGA, Ti:sapphire regenerative
amplifier; OPG/A, optical parametric generator/amplifier; FR,
Fresnel-rhomb prism; FD, fixed optical delay line; VD, variable
optical delay line; SA, sample; HNF, holographic notch filter; SS-FT,
step-scan FT spectrometer; Ge, Ge detector; BI, boxcar integrator
and averager; A /D C, analog to digital converter; SP, single
polychromator; IGA, InGaAs array detector; PC, personal computer.
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