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Abstract 

: 

 

Vibrational spectroscopy is a powerful tool for studying molecular structures by referring to vibrational spectra. 

Vibrational spectra sharply reflect molecular conformations and structures and are often called “molecular 

fingerprint”. Among various vibrational spectroscopies, vibrational sum frequency generation (VSFG) spectroscopy 

has been widely used to investigate molecules at interfaces. VSFG spectroscopy relies on a second-order nonlinear 

process such that VSFG signals can be generated only from systems without centro-symmetry such as interfaces and 

chiral systems. In recent years, heterodyne-detected (HD-) VSFG spectroscopy, which enables us to determine 

absolute molecular orientations at interfaces, has been developed. HD-VSFG offers the phase of the second-order 

nonlinear susceptibility (χ(2)), which reflects the absolute molecular orientation, while conventional (homodye-

detected) VSFG gives us only | χ(2)|2. HD-VSFG spectroscopy has been applied to several interfaces for the purpose 

of determining the absolute molecular orientation with high sensitivity. In addition, it has been proven that VSFG 

spectroscopy can detect optical activity/chirality, chiral VSFG spectroscopy. However, conventional chiral VSFG 

spectroscopy cannot distinguish molecular chirality because of the loss of information on the phase of χ(2), which 

reflects molecular chirality. The heterodyne detection has overcome this advantage and thus enables us to distinguish 

chirality. Also the heterodyne detection improves the signal to noise ratio, begin capable to detect and distinguish 

chirality from monolayer systems.  

In this talk, the principle and applications of HD-VSFG spectroscopy are the main topics. The idea and the 

fundamental application to the ionic surfactants adsorbed at the air/water interface are introduced. Then, the basis 

and several applications of HD-chiral VSFG spectroscopy, which we have developed for the first time, are presented. 

As an important example, achiral and chiral HD-VSFG study of proteins at the air/water interface will be discussed 

at last.  
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