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Abstract We measured temperature dependence of three pulse stimulated photon 
echo peak shifts (3PEPS) for a dye doped polymethylmethacrylate (PMMA) which 
is a glass at ambient temperature. 

The photon echo is a powerful tool in studying dynamics or line broadening 
mechanisms in condensed phases. Extensive studies were performed in two distinct 
regions: (a) low temperature solids « 10 K crystalline and glass) and (b) room 
temperature liquids. In the first case, dynamics are slow and the inhomogeneity 
dominates line broadening, while in the second case dynamics ranges over a wide 
time scales; some are extremely fast « 100 fs). Different types of theories were 
developed and applied in these two regions. Our main purpose is to connect these 
studies together. The 3PEPS measured as a function of population time, T, can 
obtain accurate information on solvent dynamics [1]. 

Measurements were performed psing a cavity-dumped Ti:sapphire laser with 780 
nm center wavelength and 22 fs pulse duration. The pulse energy was ~ 200 pJ for 
each beam and repetition rate was ~ 20 kHz. The dye IR144 was used as a probe 
molecule. Typical 3PEPS in PMMA and ethanol at room temperature (294 K) and 
in PMMA at 32 K are shown in Figure 1. The decay of 3PEPS as a function of T 
reflects the decrease in rephasing capability of the chromophore. The initial ultrafast 
decay (-6 fs) is caused by several high-frequency vibrational wavepackets moving 
out of phase. They are also responsible for the quantum beats observed in the data. 
Similar quantum beats are observed in ethanol and in PMMA indicating that they 
originate from the same intramolecular modes of IR144. The second ultrafast decay 
(-60 fs) is also present in ethanol and in PMMA at 294 and 32 K. It originates 
from a mode centered at -85 em'! in the spectral density. We attributed this decay to 
the inertial response of the medium rather than to the intramolecular mode, since 
librational mode of PMMA observed in Raman scattering also peaks at -85 em'! 
throughout this temperature range[2]. This requires confirmation by using different 
probe molecules. Picosecond decays caused by diffusive dielectric relaxation in 
ethanol are not observed in PMMA. Such relaxation is so slow that it can be 
treated as a static inhomogeneity on the experimental time scale. 

The asymptotic peak shift of PMMA at T = 200 ps measured as a function of 
temperature is shown in Figure 2 with some simulations. For > 80 K, the shift 
increases as the temperature decreases indicating that bath fluctuations are decreasing. 
However, the increasing shift levels off and decreases below 80 K. This may be due 
to the transition from the intermediate to the large inhomogeneous broadening limit 
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as predicted by Cho et aI.[3]. A simple simulation, with coupling strength being 
the only temperature dependent variable, could not reproduce this decrease. A more 
sophisticated model is necessary to describe the experimental results accurately. 
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Figure 1. 3PEPS of IR144 in PMMA, ethanol at 294 K and PMMA at 32 K. 
The asymptotic peak shift remains constant up to T = 500 ps. 
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Figure 2. The asymptotic 3PEPS of IR144 in PMMA at T = 200 ps measured as 
a function of temperature with some simulations[3] and their variables indicated. 
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