
Sum frequency generation (SFG) is a proven interface-specific technique and 
widely used for determining vibrational and electronic structures of materials, 
environmental, and biological interfaces. However, it is barely known that SFG 
could act as a probe to examine structural dynamics occurred at interfaces. In 
this talk, I discuss basic principles of SFG and show our recent efforts in developing 
ultrafast interface-specific sum frequency generation for the applications of 
materials and environmental sciences. In the first example, I will investigate ultrafast 
intermolecular electron transfer at the air/water interface by employing our recently-
developed transient sum frequency generation (SFG) spectroscopy. The electron 
transfer between photoexcited coumarin 314 and Dimethylaniline at the air/water 
interface includes both forward electron transfer (charge separation) and back 
electron transfer (charge recombination). The rates for both the processes are 
much faster than those in bulk. I will explain this phenomenon in terms of static and 
dynamical solvent effects as well as molecular orientational order at the interface. 
It was found that the weak polarity and highly orientational ordering of molecules 
at the interface account for the fast rates of the charge separation and charge 
recombination. The second example is interfacial charge transfer in hybrid solar 
cells. We take GaAs/C60 as an example. I will show you how surface states play a 
vital role in charge injection and interfacial electron transfer by developing ultrafast 
electronic sum frequency generation. 
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