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Abstract

This thesis presents a theoretical study on optical properties of molecular
materials. Special emphasis has been put on the influence of solvent
environment, nuclear vibrations, and aggregation effects on molecular
properties like linear and nonlinear polarizabilities, one- and two-photon
absorption probabilities. All calculations have been performed by means of
time independent and dependent quantum chemical methods at the Hartree-
Fock and density functional theory levels. Solvation models that include both
long range and short range interactions have been employed for calculations
of optical properties of molecules in solutions. Pure vibrational and zero-point
vibrationally averaged contributions have been taken into account for linear
and nonlinear polarizabilities. The linear coupling model is applied to simulate
vibronic profiles of optical absorption spectra. The computational strategies
described in this thesis are very useful for the design of efficient molecular
photonic materials.

More specifically, the nonmonotonic behavior of the solvatochromic shifts
and the first hyperpolarizability of para-nitroaniline (pNA) with respect to the
polarity of the solvents have been theoretically confirmed for the first time. The
significant contributions of the hydrogen bonding on the electronic structures
of pNA are revealed. Vibrational contributions to the linear and nonlinear
polarizabilities of methanol, ethanol and propanol have been calculated
both at the static limit and in dynamic optical processes. The importance of
vibrational contributions to certain nonlinear optical processes have been
demonstrated. A series of end-capped triply branched dendritic chromophores
have been studied with the result that their second order nonlinear optical
properties are found strongly dependent on the mutual orientations of the
three chromophores, numbers of caps and the conjugation length of the
chromophores. Several possible mechanisms for the origin of the Q-band
splitting of aluminum phthalocyanine chloride have been examined. Calculated
vibronic one-photon absorption profiles of two molecular systems are found
to be in very good agreement with the corresponding experiments, allowing
to provide proper assignments for different spectral features. Furthermore,
effects of vibronic coupling in the nonradiative decay processes have been
considered which helps to understand the aggregation enhanced luminescence
of silole molecules. The study of molecular aggregation effects on two-photon
absorption cross sections of octupolar molecules has highlighted the need to
use a hybrid method that combines density functional response theory and
molecular dynamics simulations for the design of molecular materials.
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