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    Vibrational Sum-Frequency Generation (SFG) spectroscopy is a powerful method by which vibrational spectra of 
interface species can be selectively obtained.  During the period of this project, first we developed a sensitive multiplex 
heterodyne-detected vibrational SFG spectrometer, and then study the static and dynamic structures of molecular layers 
(lipids, proteins) on water with the developed apparatus.  Through the project, we have successfully established a firm 
foundation for studying molecular layers on water though the study of oxidation processes of lipid layers remains as future 
tasks. 
    The most important feature of the developed machine is that it employs a very thin quartz crystal in transmission 
geometry as the medium for generating a local oscillator.  Our local oscillator has considerable degrees of freedom in the 
input probe energy and power and polarization of the output as compared to the conventional medium, gold substrate in 
reflection geometry.  In particular, exploiting the freedom of the oscillator’s polarization, we realized 
heterodyne-detected chiral vibrational SFG spectroscopy that can selectively detect chiral species.  Our spectrometer is 
the first heterodyne-detected chiral vibrational spectrometer that employs a multiplex detection scheme. 
    With the spectrometer, we measured spectra of a monolayer of DPPC, one of the most basic lipids, on water.  We 
examined surface-pressure-dependent spectra in the CH stretching region, and confirmed that they nicely reflected 
conformational changes of the lipid from gauche-contained disordered form to all-trans form and, therefore, can be used a 
quantitative measure of the lipid order.  The result will be useful to analyze oxidation processes of lipids.  We also 
conducted time-lapse observations of chiral amide stretching bands (amide I and NH stretching) for self-formed layer of 
chymotrypsin on water, by recording spectra every five minutes after the air-aqueous solution interface was formed.  The 
observed decrease of the band intensities within 30 minutes was interpreted as an unfolding process of anti-parallel 
β-sheet structure of the protein. 
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