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Abstract

Abstract

Organic conjugated molecules consisting of electron-donor and
electron-acceptor groups have potential applications in nonlinear optical
materials and molecular devices due to their remarkable photophysical and
electro-optical properties. The photoinduced intramolecular charge transfer
(ICT) as a fundamental process is involved in photophysics of the excited state.
The detailed understanding of excited-state properties and ICT mechanisms of
such donor-acceptor systems is important to facilitate design of molecular
materials. In this dissertation, plausible photoinduced ICT mechanisms of
selected aromatic conjugated systems have been investigated systemically by
density functional theory and sophisticated ab initial methodologies.

The dissertation is composed of three parts: The first part is the first
chapter, where the theoretical basis of electron transfer, the status of research,
the controversy about ICT have been introduced; in the second part, we
focused on introduction of quantum-chemistry methodologies for the excited
state relative to our work; the third part is the most important part of this
dissertation, where we have explored photoinduced ICT mechanisms and
corresponding photophysics and photochemistry of some representative
aromatic conjugated molecules on the basis of their excited-states and
photophysical properties.

Target systems and concluding remarks in the present study can be
summarized as follows:

1. DMABN. Low-lying singlet and triplet states of 4-dimethylamino-

v



Abstract

benzonitrile (DMABN) and its derivatives have been studied by the density
functional theory and ab initio methodologies. Calculations reveal that the
existence of the methyl groups in the phenyl ring and the amino twisting
significantly modify properties of their excited states. A twisted singlet
intramolecular charge transfer state ('TICT) can be accessed through decay of
the second planar singlet excited state with charge transfer character along the
amino twisting coordinate or by an intramolecular charge transfer (ICT)
reaction involved with a locally first excited singlet state (‘'LE). On the basis
of calculations, the ICT reaction and dual fluorescence mechanisms of
DMABN have been elucidated with the state-crossing model. Plausible charge
transfer triplet states and intersystem crossing (ISC) processes among singlet
and triplet states have been explored by spin-orbit coupling calculations.
Calculations show that the twisted intramolecular charge transfer triplet state
(TICT), close to the 'TICT in energy, can be in an equilibrium with the
lowest twisted triplet state ("TT;) via the internal conversion process, and
consequently it is probably involved in the ISC process. However, its transient
presence makes experimental detection difficult. The intersystem crossing
process was predicted to be the dominant deactivation channel of the
photoexcited 4-dimethylaminobenzonitrile.

2. PP and FPP. Low-lying states and intramolecular charge transfers in
N-phenylpyrrole (PP) and its planar-rigidized derivative fluorazene (FPP) have
been investigated by ab initio methodologies. The effect of polar solvent on
properties of the electronic states and the photophysics processes has been
estimated by CASSCF calculations in connection of the polarized continuum

model (PCM). On the basis of calculations, properties of the excited states and
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plausible dual-fluorescence mechanisms have been elucidated. Present results
show that the polar solvent plays a crucial role in the dual fluorescence
mechanism, and the second singlet excited state (S;) as a key state is involved
in the consecutive photophysical processes. The S, state is easily populated
under excitation. In the polar MeCN solution, S, can evolve to either a
lower-energy locally excited state or a lower-energy solvated intramolecular
charge transfer state (S-ICT). The former emits a normal fluorescence back to
the ground state, and the latter is exclusively responsible for the red-shifted
fluorescence band. Calculations reveal that the emissive ICT states in both
FPP and PP have similar geometrical and m-bonding features, an elongated
N-phenyl bond, a pyramidal carbon atom linking the pyrrole ring, and a
quinonoid phenyl ring. The twisting of molecule around the N-phenyl bond is
not necessary for ICT. Although the twisting form with a twisted angle of
~90° of the ICT state of PP, where the carbon connecting the pyrrole ring
experiences a pyramidal deformation, is slightly more stable than its planar
counterpart, the latter with near planar conformation will be basically
responsible for the red-shifted fluorescence emission due to its significant
photophysical activity. Predicted absorption and emission spectra are in
reasonable agreement with the experimental observations.

3. DCM. Structures and properties of low-lying states in
4-(dicyanomethylene)-2-methyl-6-(p-dimethylaminostyryl)-4H-pyran (DCM)
have been investigated theoretically. Calculations show that the
dimethylamino and dimethylanilino twisted conformations of DCM on the
potential energy surface of the first excited state (S;) have relatively high

stabilities and remarkably intramolecular charge transfers. Both structures can
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