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Analyzing the interfacial orientation state of fluorine-containing compounds is important for
material development since it directly related to surface characteristics such as liquid repellency.
In this study, heterodyne-detected vibrational sum frequency generation spectroscopy (HD-
VSFG) was used to investigate the orientations of perfluoroalkyl (Rf) chains at the partially
fluorinated polyacrylate/air interface with molecular resolution. Through a basic experiment
using a low molecular weight compound, the VFSG signal at 1370 cm ™!
a marker of Rf chain orientation. With this method, we were able to determine that the Rf chains

was found to be useful as

on 2- (perfluorooctyl)ethyl acrylate homopolymer (p-C8FA)/air interface were oriented almost
perpendicular to the surface with their terminal -CF3 groups facing the air, whereas the Rf
chains on 2- (perfluorohexyl)ethyl acrylate homopolymer (p-C6FA)/air interface were randomly
oriented or parallel to the interface The Rf chains at the p-C8FA/air contact were also shown to
be more likely to be oriented toward the air side by molecular dynamics simulations.
Furthermore, using HD-VSFG, we observed the orientational change of the surface Rf groups of
a C8FA/PEGMA copolymer in response to contact with water. It has been suggested that Rf
orientation analysis with the marker band at 1370 cm™! is an important method to connect the
surface properties of the fluorine-containing compounds to the material design.
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Fig. 1 Schematic image of VSFG measurement.
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Fig. 2 Structure of PFNA.
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Adapted with permission from Macromolecules 2019 52 (22), 8705-8712.

Copyright 2022 American Chemical Society.

Fig. 4 Simulation system of p-CnFA thin film:simulation
setup (a), the side views of p-C6FA (b) and p-C8FA
(c) membranes.

o
°
°
°
°
°
°
°
°
°
°
o
°
°
o
°
..
o
a

© o o ¢

(c) Top and side views of
grafted side chains

(a) Hexagonal 2D lattice
of carbon atoms

(b) Side chain model of
p-C6FA model

Reprinted with permission from Macromolecules 2019 52 (22), 8705-8712.
Copyright 2022 American Chemical Society.

Fig. 5 Parts of the grafted side chain models:hexagonal 2D
lattice of fixed carbon (a), simplified grafted chain
monolayer model of p-C6FA (b) and initial configu
ration of the grafted side chain model (c).
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Fig. 6 Structure of p-C8FA/n4-PEGMA copolymer.
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Table 1 Composition of C8FA/n4-PEGMA copolymers.
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Fig. 7 Scheme of wetting treatment before water contact
angle and HD-VSFG measurement.
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spectrometer.
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Fig. 9 Imaginary parts of x® spectra from a 3 mM PFNA
solution in the SSP, PPP and SPS polarization.
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Adapted with permission from Macromolecules 2019 52 (22), 8705-8712.
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Fig. 10 Effective second-order nonlinear susceptibilities for
the terminal C—C stretch of PFNA. in the SSP, PPP,
and SPS polarization combinations.
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Fig. 11 Imaginary parts of x? spectra from the p-C6FA/air
interface and the p-C8FA/air interfaces in the SSP,
PPP and SPS polarization.
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Reprinted with permission from Macromolecules 2019 52 (22), 8705-8712.
Copyright 2022 American Chemical Society.

Fig. 12 Schematic image of molecular orientation for the p-
C6FA/air and p-C8FA/air interfaces.
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Fig. 13 Results of MD simulation of the p-CnFA mem
brane:side view of the simulation box (a) and tilt
angle distribution of terminal CF,-CF; at the p-
CnFA/vacuum interface (b).
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Fig. 14 Results of MD simulation of the grafted model:the
total potential energy (a), average tilt angle of Rf
chains (b) and definition of tilt angle (c).
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Fig. 17 Schematic image of the air and C8FA/n4-PEGMA copolymer interface before and after wetting treatment.
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