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Fig. 1 Schematic of collinear phase-sensitive femtosecond SFG instrument
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Fig. 2 SFG experimental methods of (a) face-down and (b) face-up
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Fig. 3 Raw interference fringes of the (a) PMMA film and (b) Au
film in the frequency domain, respectively
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Fig. 4 Time domain spectra (a: PMMA film; b: Au film) obtained by the inverse Fourier transform of the spectra in the
frequency domain (Fig.3), the filter function is plotted as the dot line
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Fig. 6 SFG (a) real and (b) imaginary spectra of the PMMA film on CaF, (face-down geometry)
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Fig. 7 SFG imaginary spectra of polystyrene (PS) film on CaF,
(face-down geometry). 1, 2, and 3 denote different spots of
measurements
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Fig. 8 SFG imaginary spectra of nylon 6/6 film on (a) CaF, and (b)
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respectively. 1, 2, and 3 represent different spots of
measurements
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Technique of Phase-Sensitive Femtosecond Sum Frequency Generation

Spectroscopy and Its Application in Polymer Surface and Interface

Ziyun Wang', Bolin Li’
(1.Institutes of Physical Science and Information Technology, Anhui University, Hefei 230601, China;
2. High Magnetic Field Laboratory (HMFL), Hefei Institutes of Physical Science (HFIPS),
Chinese Academy of Sciences, Hefei 230031, China)

ABSTRACT: The surface of polymer materials is an important research area of surface and interfacial science.
However, it is still challenging to detect the surface of polymer thin films in situ nondestructively and accurately at
molecular level. In this study, a collinear phase- sensitive femtosecond sum frequency generation (SFG)
spectroscopy, with the resolution of absolute molecular orientation, high phase stability, high signal-to-noise ratio,
and the detectability of weak surface signal, was developed. A 35 fs broadband infrared laser was employed in this
system, which has a wider spectral measurement range in one data acquisition. This system was applied to probe
the precise structure (absolute orientation structure) of the surface of poly(methyl methacrylate) (PMMA),
polystyrene (PS), and poly(hexamethylene adipamide) (nylon 6/6) polymer films. The results indicate that the ester
methyl of PMMA, phenyl ring of PS, and N—H group of nylon 6/6 are orderly oriented on the surface and toward
the air side, while other groups are relatively disordered or tend to lie down on the surface. The measurement
results of different sample positions demonstrate the good experimental reproducibility and high phase stability of
the system. Phase- sensitive femtosecond SFG is applied to the field of polymer film surface, which is of great
significance for the understanding of the precise structure of polymer film surface and the optimization of polymer
surface properties.

Keywords: phase-sensitive sum frequency generation; polymer thin film; surfaces and interfaces



