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Abstract
The molecular and electronic structure/dynamics of complex interfaces between two matters
are difficult to be completely characterized by the existing spectroscopies. While
vibrational sum frequency generation (SFG) spectroscopy can elegantly isolate the signal
from interfaces, and provide great insights of the chemical compositions and structures on
interfaces, there are still challenges that complicate the spectral interpretations. These
challenges include that (1) inhomogenesouly distributed molecules on interfaces can
severely broaden the spectra, (2) sub-monolayer surface coverage leads to low signal to
noise level and (3) molecular dynamics are on the femto to picosecond timescales, which
requires ultrafast time resolution.
Our group recently developed and used two techniques extended from vibrational SFG
spectroscopy: electronic SFG and femtosecond 2D SFG spectroscopies, to overcome the
above-mentioned challenges, in order to study interfaces of materials. In the first part of my
talk, I will present our work of using electronic SFG spectroscopy to determine the
electronic structure of the organic/inorganic hybrid photovoltaic interfaces, where we found
that the electronic structures of the organic semiconductor are more uniform than the bulk.
In the second part, I will discuss our recent developments on heterodyne 2D SFG
spectroscopy, in order to unambiguously reveal the orientation and vibrational dynamics of
molecular catalysts on heterogeneous interfaces.
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