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Abstract

This thesis reports a state-of-the-art theoretical study of photophysical
properties of organic charge-transfer aromatic molecules. These molecules are
building blocks of molecular functional materials used in modern photonics
technology and play essential roles in chemistry and biology in general. A good
understanding of these systems is thus important.

The theoretical results for permanent dipole moments of some substituted
benzenes have been obtained using the coupled cluster singles and doubles
(CCSD) method. The performance of density functional theory (DFT) for
the geometry and electronic properties has been compared with that of
traditional ab initio methods, such as Hartree-Fock, second-order Möller
Plesset perturbation theory (MP2), CCSD and CCSD(T). Limitations of the
DFT methods for charge transfer molecules have been demonstrated. The
multi-configuration self-consistent field (MCSCF) method has been applied to
understand properties of the triplet states of benzene derivatives by studying
their phosphorescence with the inclusion of contributions from vibronic
coupling. It has also been employed to calculate the photophysics of the
thioxanthone molecule containing three benzene rings in combination with the
CASPT2 method, resolving a long-standing problem concerning the possible
stable conformations of the molecule.

With knowledge of the building blocks a series of porphyrin derivatives
with exceptionally large two-photon absorption cross sections were designed,
and proposed for use in bioimaging applications. The static and dynamic
properties of a few zinc and platinum organometallic compounds, being
possible candidates for optical limiting devices, have also investigated.
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