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Abstract: We present three pulse stimulated photon echo peak shift measurements 
on several polar protic and aprotic solvents using 22 and 90 fs pulses. 
Measurements with both pulse durations reveal distinct ultrafast «lOOfs) incipient 
relaxations followed by identical decays after about 300 fs. 

Photon echo measurements have demonstrated their ability to measure the rapid 
non-Markovian nature of liquid dynamics [1,2]. Much emphasis has been directed 
toward employing shorter and shorter pulses which often simply elucidates the 
ultrafast break up of the intra-molecular vibrational wavepacket created by the 
large spectral bandwidth of the pulses. Recently, it has been shown that three 
pulse stimulated photon echo peak shift (3PEPS) measurements give accurate 
dynamical information about the solute-solvent interaction [1,2]. The peak shifts 
- which reflect the ability of the system to rephase after evolving in a population 
state for time T - are determined precisely by simultaneously measuring signals 
in the phase matching directions -kl+k2+k3 and k 1-k2+k3. Here we report 3PEPS 
studies on various polar protic and aprotic solvents using 22 fs an.d 90 fs pulses. It 
is shown the 3PEPS with pulses much longer than a typical electronic dephasing 
time gives accurate information on ultrafast as well as slow dynamics in liquids. 

Figure 1 shows a comparison of 3PEPS signals for IR144 in chloroform using 22 
fs and 90 fs pulses centered at 780 nm «253 kHz). Strikingly, 3PEPSs are still 
observed for a 90 fs pulse with a similar accuracy as those for a 22 fs pulse: both 
data show an initial ultrafast (<100 fs) component as well as picosecond diffusive 
components. Additionally, the 22 fs data show strong quantum beats due to 
intramolecular vibrations, whereas they appear less prominently in the 90 fs data. 
The presence of the initial ultrafast process is rather clear in the data taken with a 
90 fs pulse due to the minimal number of quantum beats. It must be emphasized 
that the ultrafast decay seen in the 90 fs data is not a finite pulse duration effect 
albeit the decay is within the pulse field envelope as shown by numerical 
simulation [1]. For T> 300 fs both signals decay with the same rates: i.e., the 
diffusive solvation process does not depend on pulse duration and is accurately 
measurable with temporally 'long' pulses 

The initial ultrafast decay « 1 00 fs) is essentially identical in various solvents 
except for small changes in amplitude. For example, Figure 2 shows 3PEPS 
signals for acetonitrile and ethylene glycol. We also made measurements on 
benzonitrile, methanol, and ethanol. The ultrafast component is fairly insensitive 
to solvent size or rigidity. In contrast, the diffusive picosecond decay components 
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vary for each solvent in a way consistent with recent time-resolved fluorescence 
Stokes shift measurements [3]. These components are also significantly 
temperature dependent: they become faster at higher temperature. The picosecond 
diffusive solvation process should be well described by molecularly based 
dielectric relaxation theories [3]. 

The fact that detailed dynamical information can be obtained by 3PEPS using 
temporally long pulses suggests many interesting applications, especially for 
spectrally congested systems or systems where impulsively excited vibrational 
intramolecular modes interfere with the interpretation of the signal. For example, 
energy and electron transfers in the photosynthetic reaction center and antenna 
system can be studied where narrow band excitation is essential. 
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Figure 1. 3PEPS vs. Tfor IR144 in 
chloroform measured with 22 (solid 
line) and 90 (dashed line) fs pulses. 
The asymptotic value of the 90 fs 
data was adjusted to match the peak 
shifts at large T. 
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Figure 2. 3PEPS vs. TforIR144 in 
ethylene glycol (solid line) and in 
acetonitrile (dashed line) measured 
with 22 fs pulse. 
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