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Photoexcitation dynamics of regioregular poly(3-hexylthiophene) in
solutions and a film studied by femtosecond time-resolved infrared
absorption spectroscopy
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Graduate School of Science and Engineering, Aoyama Gakuin University, Japan

[ Abstract] Self-localized excitations are generated by photoexcitation in conducting
polymers. Polarons, which correspond to charge-separated radical ions, are possible self-
localized excitations. The analysis of their structures and dynamics are keys of understanding
the mechanism of photoconductivity. Regioregular poly(3-hexylthiophene) (RR-P3HT) is a
typical conducting polymer. So far, we studied photoexcited RR-P3HT in a film by picosecond
time-resolved infrared (TR-IR) spectroscopy [1]. Here, we focus on its dynamics in solution.
The femtosecond TR-IR spectra of RR-P3HT both in benzene solution and in a spin-coated film
were successfully measured in the spectral range of 1230-1065 cm™. The spectra can be divided
into two temporal components; an exponential decay and an error function decay, which was
derived from the recombination model of polarons [3]. The spectra of the latter component
resemble the doping-induced IR spectrum of RR-P3HT [5]. It suggests that polarons are formed
both in solution and in a film. The polarons in solution decay faster than those in a film.
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Fig. 1: TR-IR absorption
spectra of photoexcited RR-
P3HT in (a) benzene solution
at room temperature and (b) a
spin-coated film at 77 K. The
spectra at -400 ps were
subtracted from all TR-IR
spectra.
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Fig. 2: Plots of the TR-IR absorption
intensities probed at ~1135 cm™, (a) benzene
solution at room temperature and (b) a spin-
coated film at 77 K. The broken lines are
results of global curve fitting by the sum of
exponential and error functions.
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Fig. 3: Reconstructed
spectra of exponential
(blue broken lines) and
error function (red solid
lines) components in
(a) benzene solution
and (b) a spin-coated
film.



