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Quantitative Analysis of Interfacial Structures of
Thin Films by Nonlinear Vibrational Spectroscopy:
Effect of Coherent Interference

GERAREIAEE I & A BEREHEEOCEMNT - ae— LY FTEHR)

Interfaces and surfaces play very important roles in many chemical, physical and biological processes.
In order to reveal the molecular structures on the surface or interface at a molecular level, one needs
effective interface-sensitive techniques. As a second order non-linear optical technique, sum frequency
generation (SFG) vibrational spectroscopy intrinsically meets the requirement. Due to the coherent
property of SFG, the interference effects arising from different vibrational modes, different interfaces and
changes in the film thickness, are always involved in the observed SFG signals. The quantitative
understanding and analysis of the interference effects on SFG spectra are crucial for resolving molecular
structure from SFG measurement. However, a general model dealing with the interfacial effect on the
SFG spectra is still not widely available yet.

In this thesis, a general model has been developed to illustrate the mnterferences effects involved in the
observed SFG spectra. With the aid of the model, the molecular structures on the surfaces of different
thin-film systems have been quantitatively investigated by the SFG vibrational spectroscopy.

The thesis consists of nine chapters. Chapter 1 gives a general review on the recent SFG studies on the
molecular structure at interfaces from a viewpoint of interference effects. Chapter 2 describes a general
background on the SFG vibrational spectroscopy. Chapter 3 shows principle and experimental details
for the broad-band SFG laser system constructed in the study.

In Chapter 4, a general model to quantitatively analyze the SFG spectra by considering the effects of
coherent interference has been newly developed. The modeling calculation takes account of the coherent
interference effects in the SFG spectral analysis, especially those from the different vibrational modes,
different interfaces and those from the interference in the thin-film with change of film thickness. As an
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example, the SFG spectra from a monolayer of arachidic acid on a dielectric thin-film on gold substrate
has been calculated as a function of the film thickness of the dielectric thin-film for polarization
combinations of ssp, sps and ppp. The spectral shape and the intensity of the SFG spectra are significantly
dependent oﬁ the film thickness. The interference dependence of the SFG spectra is also significantly
affected by the polarization combinations. Based on the modeling calculation, a simple method is
proposed to predict the SFG spectral shape as a function of the film thickness. The modeling calculation
is expected to be an essential tool to analyze the SFG spectra in any thin film systems by appropriately
changing the parameters. '

In Chapter 5, the validity of the modeling simulations described in Chapter 4 has been verified by the
various experimental observations. The modeling calculations consist well with these experimental
observations. Furthermore, the dependences of the substrate and optical incident geometry on the SFG
spectra have been discussed in detail based on the calculation. Contribution from different interfaces has
also been quantitatively separated by the calculation. Finally, the generél design for the SFG
measurement on an electrochemical interface using the thin-layer cell has been considered based on the
modeling calculation.

In Chapter 6, the modeling calculation has been successfully applied to study thé adsorption of solvent
molecules on the surface of the LiCoO, thin film, which is an important cathode material for lithium ion
batteries, to further improve its efficiency and life-time. Based on the interference calculation model
proposed in Chapter 4, two adsorption geometries of propylene carbonate (PC) solvent on LiCoO,
surface have been obtained from the SFG observation. The analysis show that the tilt angles of C=O
group of PC molecules adsorbed are approximately 48° and 202° with respect to the LiCoO, surface
normal. The calculation demonstrates that more PC molecules are adsorbed on the LiCoO, surface by
pointing their C=O groups to the surface.

In Chapter 7, the modeling method was employed to investigate the hydrolysis process of supported
lipid bilayers catalyzed by a phospholipase A; enzyme. A novel hydrolysis reaction mechanism has been
proposed based on the analysis on the SFG observation. The SFG observations directly confirm the “lag-
burst” behaviors for the hydrolysis process. In the lag-phase, the lipid molecules in both leaflets become
more ordered with a decrease of the tilt angle of the alkyl chain. In the burst-phase, although the apparent
decay rates of the SFG signals for both leaflets of an L-lipid bilayer under PLA; catalysis seem to be

similar, by utilizing the enantioselectivity of PLA, for the L- and D-enantiomers, it was found the
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hydrolysis starts from the leaflet of the bilayer that is adjacent to the solution. A ‘flip-flop’ process is
required for the lipid molecules in the other leaflet (substrate side) to be hydrolyzed by PLA,.
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