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Multifunctional spectroscopic technique for probing surfaces and
interfaces based on a femtosecond laser
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Abstract: The molecular structures at surfaces and interfaces of materials are fundamentally correlated with numerous
surface/interfacial properties. Therefore, developing ultrasensitive, multi-functional probing techniques is of great impor-
tance. In this work, an integrated multi-functional femtosecond nonlinear spectroscopic system (sum frequency generation vi-
brational spectroscopy and second harmonic generation) was developed based on a femtosecond laser. The system allows
convenient switching between functions and has been applied to probe the surface/interfacial structures and properties of self-
assembled octadecyltrichlorosilane monolayer, phospholipid monolayer, polymer ultrathin film, and two-dimensional layered
material. The Results demonstrate that the system is of ultrahigh monolayer sensitivity, phase sensitivity, and high temporal
resolution, enabling the detection of surface molecular structures, absolute orientations, symmetries, and ultrafast dynamic
processes. The integrated design significantly enhances the utilization efficiency of the femtosecond laser, providing a power-
ful tool for multifunctional investigations of complex surfaces and interfaces of materials.
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