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Abstract

The main theme of this thesis is to study effects of different environments on
geometric and electronic structures, as well as optical responses, of molecules
using time-(in)dependent density functional theory. Theoretical calculations
have been carried out for properties that can be measured by conventional
and advanced experimental techniques, including one-photon absorption
(OPA), two-photon absorption (TPA), surface-enhanced Raman scattering
(SERS) and second order nonlinear optical (NLO) response. The obtained good
agreement between the theory and the experiment allows to further extract
useful information about inter- and intra-molecular interactions that are not
accessible experimentally.

By comparing calculated one-photon absorption spectra of aluminum
phthalocyanine chloride (AlPcCl) and AlPcCl -water complexes with the
corresponding experiments, detailed information about the interaction
between water molecules and AlPcCl, and geometric changes of AlPcCl
molecule has been obtained. Effects of aggregation on two-photon absorption
spectra of octupolar molecules have been examined. It is shown that the
formation of clusters through inter-molecular hydrogen bonding can
drastically change profiles of TPA spectra. It has also demonstrated that
a well designed molecular aggregate/cluster, dendrimer, can enhance the
second order nonlinear optical response of the molecules. In collaboration
with experimentalists, a series of end-capped triply branched dendritic
chromophores have been characterized, which can lead to large enhancement
of the second order NLO property when the dipoles of the three branches in the
dendrimers are highly parallelized.

Surface-enhanced Raman scattering has made the detection of single
molecules on metal surface become possible. Chemically bonded molecule-
metal systems have been extensively studied. We have shown in a joint
experimental and theoretical work that stable Raman spectra of a non-bonding
molecule, perylene, physically adsorbed on Ag nano-particles can also be
observed at low temperature. It is found that the local enhanced field has a
tendency to drive molecule toward a gap of two closely lying nano-particles.
The trapped molecule can thus provide a stable Raman spectrum with high
resolution when its thermal motion is reduced at low temperature.

For the ever growing size of molecular complexes, there is always the
need to develop new computational methods. A conceptually simple but
computationally efficient method, named as central insertion scheme (CIS), is
proposed that allows to calculate electronic structure of quasi-periodic system
containing more than 100,000 electrons at density functional theory levels. It
enables to monitor the evolution of electronic structure with respect to the size
of the system.
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