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Abstract

In this thesis, we focus on theoretical investigations on metal interfaces where
many heterogeneous chemical reactions take place. Surface-enhanced Raman
scattering (SERS) spectroscopy and the modern electrochemical methods are
important in-situ techniques that have been widely employed for a variety
of applications. Theoretical simulations have become an indispensable tool
to infer the molecular details of interfacial structures that are not directly
accessible from experimental measurements. In this context, we have proposed
several new theoretical models for both SERS and interfacial electrochemistry,
which allow us to provide molecular-level understanding of the interfacial
structures under the realistic experimental conditions.

 
The first part of the thesis has addressed the basic theory of SERS that offers

the vibrational structure of the interfacial molecules. It is well known that the
huge enhancement of Raman intensity in this technique can be attributed to
two independent factors, namely the physical and chemical enhancements.
The former is resulted from the enhanced electromagnetic field induced
by the plasmonic excitations, while the latter comes from the changing of
interaction between the molecule and the surface. The interplay between these
two enhancement factors, which has long been an issue of debate, is revealed
in this thesis. They are coupled through molecular polarizability. A practical
computational approach is proposed and used to demonstrate the importance
of the coupling on different molecular systems. It is found that for certain
systems the coupling factor can be as large as 106. This finding is of great
importance towards a comprehensive understanding of the SERS mechanisms
and a quantitative prediction of the enhancement factor.

 
The other part of the thesis is devoted to the theory of interfacial

electrochemistry, in particular the effects of water solution. A novel protocol
that combines classical molecular dynamics (MD) and the first principles
density functional theory (DFT) calculations is proposed to address the
statistical behavior of interfacial properties. Special attention has been paid
to the work function of Pt(111) surface and CO adsorption energy on Pt(111)
surface in aqueous solution. It has been found that in this case the work
function of Pt surface illustrates a surprisingly broad distribution under the
room temperature, sheds new light on the understanding of reaction activity
of the surface. The proposed protocol is able to provide results in very good
agreement with experiments and should be applied routinely in future studies.

Keywords
SERS, Electrochemistry, DFT, MD

http://urn.kb.se/resolve?urn=urn:nbn:se:kth:diva-94120

