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Hongo 7-3-1, Bunkyo-ku, Tokyo 113, Japan 

Abstract Time evolution in polydiacetylene (PDA-3BCM-J) was inves- 
tigated by femtosecond spectroscopy. The relaxation of photoexcited 

free excitons to self-trapped excitons was observed. The broad-band 
absorption due to self-trapped excitons was observed below 1.86 eV. 
The formation and decay times of self-trapped excitons at 10 K were 
150250 fs and 2.0t0.1 ps, respectively. At short delay times 
several nonlinear optical processes, i.e. hole burning, Raman gain, 
and dynamic Stark shift, were observed. 

INTROrnIoN 

Polydiacetylenes (PDAs) belong to one of the most extensively studied 
conjugated polymers bec3use of their large and fast optical nonlineari- 
ties, the phase transition with dramatic color change and their proper- 
ties which can be modified by changing the side-groups . The elementary 
excitations in PDA are excitons, polarons and bipolarons. Singlet and 
triplet excitons were observed by time-resolved reflection spectroscopy 
in PDA-pTS2,3 and bipolaron was observed by infrared spectroscopy. The 
results of photoluminescence measurements have been reported that the 
decay time constants are several picoseconds in red-phase PDA4, while no 
fluorescence has been observed in blue-phase PDAs. 

1 

In the present study, we investigated the relaxation dynamics of 
photoexcitations in a blue phase PDA film (PDA-3XMJ) by femtosecond 
time-resolved absorption spectroscopy. 

EXPERIMENT& 

The output of a colliding-pulse mode-locked dye laser w a s  amplified by a 
four-stage dye amplifier pumped by the second harmonic pulses of a Q- 

switched Nd:YAG laser. The amplified pulses were used as pump and probe 
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pulses of absorption spectroscopy . The center wavelength and duration 
of the amplified pulses were 628 nm (1.97 eV) and 100 fs, respectively. 
The PDA-JEKMU (3-butoxycarbonylmethylurethane) film was prepred by 
casting condensed solution in chloroform on a glass substrate. 

5 

RESULTS AND DISCUSSION 

The transient photoinduced absorption spectra of the PDA-3BcMu film 
observed at 10 K are shown in Fig. 1 .  The polarizations of the pump and 

probe pulses are parallel to each other. At the delay times between 

-0.1 ps and 0.1 ps, i .e. the pump and probe pulses temporally overlap 
each other at the sample, the sharp bleaching peak at 1.97 eV and the 
two small minima at 1.79 and 1 . 7 1  eV are observed. 

The sharp bleaching peak at 1.97 eV is considered to be mainly due 
to a hole burning, but it has an asymmetric shape. The asymmetry can be 
explained in terms of the optical Stark effect. Since the pump photon 
energy in the present study is slightly higher than the absorption peak 
of the excitons, the transition energy shifts to lower energy and the 
absorbance change has a maximum at 1.95 eV just below the pump photon 
energy. The small two minim at 1.79 and 1.71 eV can be explained in 
terms of Raman gain. The corresponding Raman shifts are 1450 and 
2100 an-’, bond which are assigned to the stretching vibrations of C=C 
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FIGURE 1. Transient 
absorption spectra 

1.8 2.0 2.2 of FDA-3EKM.J at 10 K 
at delay times of 
0.0 and 0.5 ps. 
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and CEC bond, respectively. The optical Stark effect mediated by same 

phonon modes w a s  also observed in PDA-pTS . 

saturation of the '% excitons. The photoinduced absorption below 
1.85 eV is not observed at -0.2 ps and appears more slowly than the 
bleaching. At 0.0 ps the absorbance is very broad and featureless in 
the whole spectral region between 1.3 and 1.8 eV except two small minima 
at 1.79 and 1.71 eV, while it has a maximum at 1.80 e V  and drops below 
1.35 eV at delay times longer than 0.5 ps. It suggests that the photoin- 
duced absorption shifts to higher energy with time from 0.0  ps to 
0.5 ps. The photoinduced absorption is assigned to the self-trapped 

6 

The photoinduced bleaching around 1.92 eV is due to the absorption 

excitons formed from the photoexcited free 'Bu excitons. The free exci- 
tons relax to the self-trapped excitons and the transitions from the 
excitons to the conduction band shift to higher energy. 

Figure 2 shows the time dependence of the absorbance change in 
PDA-3W at 1.77 eV. The lifetime of the self-trapped excitons is 
estimated to be 2.OiO.1 ps. The formation time of the self-trapped 
excitons can be estimated by the convolution of the pump and probe 
pulses with several formation times ccinparing with the rise of the 
absorbance change at 1.77 eV. The calculated absorbance changes are 
plotted in Fig. 2. The formation time is estimated to be 150_+50 fs. A t  

290 K, the formation and decay times of the self-trapped excitons are 
determined to be 150_+50 fs and 1.5t0.1 ps, respectively. 

-0.5 0.0 0.5 1 .o 1.5 2.0 2.5 
Delay Time (ps)  

FIGURE 2. The time dependence of the absorbance change of PDA-3BcMu at 
1.77 eV. Curves are the calculated absorbance changes with the formation 
times of 0 fs (dotted curve), 100 fs (dashed curve), 150 fs (solid 
curve), and 200 fs (dash-dotted curve). The decay t'me is set at 2.0 ps 
in the calculation, using the pulse shape of sech' with 150 fs half- 
width for both pump and probe pulses. 
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Since the formation process of self-trapped excitons has no barrier 

in the one-dimensional system, the formation process is expected to take 
place within the coupled phonon cycle. The excitons are strongly coupled 
with the C-C stretching modes and the frequencies are 1500-2100 cm-' and 
correspond to the oscillation periods of 15-25 fs. While the trapping 
time constant of excitons is 150 fs and much longer than the phonon 
periods. It can be explained as follows. The binding energy remains as 
the kinetic energy of the lattice oscillation and the formation time of 
the self-trapped excitons is determined by the energy redistribution 
rate from the strongly coupled phonon to the other phonon mcdes. 

When the second harmonic (3 .94  eV) of the amplified femtosecond 
pulse is used as the pump pulse, the absorbance change around 1.5 eV has 
a long-life component. The long-life component is due to the triplet- 
excitom which w a s  observed by the nanosecond spectroscopy by our group. 
The similar long-life component is induced by the 1.97-eV pump pulse 

2 with the photon density larger than 5x1015 photons/cm . It is due to the 
triplet excitons created by the two-photon absorption. 

In conclusion, the time-resolved photoinduced absorption spectrum 
of FDA-3BCMU has been studied by the femtosecond absorption spectrosco- 

py. The spectral change due to several nonlinear optical processes, i.e. 
hole burning, Raman gain, and optical S t a r k  effect, were observed. The 
formation and decay times of the self-trapped excitons were determined. 
The spectral change due to triplet excitons excited by the second har- 
monic pulse and the two-photon absorption of the fundamental of the CPM 
laser was observed. 
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