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Many chemical reactions and dynamics happen in the
femtosecond (10™ sec) to picosecond time regime (10™2
sec). The only way to directly study systems at such short
timescale is through ultrafast laser spectroscopy. In
ultrafast laser spectroscopy, short laser pulses of tens or
hundreds of femtoseconds duration are used to excite and
probe the relevant chemical system

We are interested in the ultrafast vibrational dynamics of
systems of chemical and biological interest. These
systems include the hydrogen bond dynamics of water
molecules in various different biological environments. The
knowledge of such water systems is essential in
understanding the workings of many biological processes.

We are also interested in using ultrafast vibrational
spectroscopy to study the cis-trans isomerization process
of photoisomers such as rhodopsins and xanthopsins.
Upon excitation by a photon, these photoisomers undergo
a cis-trans isomerization process. This isomerization
process typically occurs in a timescale of a few hundred
femtosecoonds. The consequent structural change of the
associated biomolecules is key to many physiological
processes such as vision.

The experimental techniques used in such studies include
polarization controlled pump-probe experiments to
measure the vibrational excited state dynamics and
rotational anisotropy of molecular systems; vibrational
photon echoes to measure the spectral diffusion.
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Ultrashort mid infrared laser pulses are used to probe the
ultrafast dynamics of systems of chemical and biological
importance. The experimental techniques used in such
studies include polarization controlled pump-probe
experiments to measure the vibrational excited state
dynamics and rotational anisotropy of molecular systems;
vibrational photon echoes to measure the spectral
diffusion.
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