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Abstract

Abstract

Molecular electronic spectra (including absorption, fluorescence, phosphorescence,
resonance Raman, etc.) are the basic experimental technology for the study of
molecular photophysical and photochemical processes. The vibronic electronic
spectra can be utilized to explore the nature of molecular excited states. The rapid
development of theoretical chemistry and computational technology makes it possible
to reproduce the electronic spectrum peak shape of large-sized molecular systems.
The features of molecular electronic spectra can be explored accordingly, based on
extensive calculations. The geometries, vibrational frequencies of the ground and
excited states, the vertical excitation energies and adiabatic excitation energies,
oscillator strengths can be obtained from the theoretical calculations. The comparison
of simulated and experimental vibronic spectra can verify our theoretical models of
molecule excited states. The theoretical study of molecular vibronic spectra not only
makes us have a reasonable explanation of complex electronic spectrum shape of
molecules, but also have a more intuitive understanding about the original driving
force of molecular excited state dynamics. Some important molecules in dye
chemistry and interstellar chemistry have been chosen, and a series of theoretical
calculations on the electronic spectra have been performed by ab initio wave function
and density functional methods. The molecular electronic spectra have been assigned
reasonably, and the importance of nuclear movement in early excited-state dynamics

of molecule has been pointed out.

The main results of the present work are summarized as follows:

1. Time-dependent density-functional theory (TD-DFT) and complete active space
multiconfiguration self-consistent field (CASSCF) calculations have been used to
determine equilibrium structures and vibrational frequencies of the ground state and

several singlet low-lying excited states of coumarin. Vertical and adiabatic transition

1



Abstract

energies of S;, Sy, and Sz have been estimated by TD-B3LYP and CASSCF/CASPT2.
Calculations predict that the dipole-allowed S; and S; states have a character of Y(zn*),
while the dipole-forbidden *(nm*) state is responsible for S,. The vibronic absorption
and emission spectra of coumarin have been simulated by TD-B3LYP and CASSCF
calculations within the Franck-Condon approximation, respectively. The simulated
vibronic spectra show good agreement with the experimental observations available,
which allow us to reasonably interpret vibronic features in the Sp—S; and Sy—S;
absorption and the Sp<—S; emission spectra. Based on the calculated results, activity,
intensity, and density of the vibronic transitions and their contribution to the

experimental spectrum profile have been discussed.

2. The ground and low-lying singlet and triplet excited state properties of
coumarylpyrone have been explored by using the PCM model. To have an insight into
the experimental vibronic absorption, fluorescence and phosphorescence spectra of
coumarpylpyrone, the Franck-Condon approximation has been used to simulate the
vibronic spectra. The present computational results reveal that the observed two
strong absorptions arise from the dipole-allowed X'A;—1'B, and X'A;—2'B,
transitions, which have a character of (xn*). The simulated vibration-resolved
absorption spectra are in good agreement with experimental spectra, and the vibronic
peaks of two strong absorptions have been characterized theoretically. Single and
combinational transitions arising from the low energy modes are responsible for the
strong vibronic absorption peaks. The positions of the simulated and experimental
vibronic fluorescence spectrum peaks are similar, but the spectrum intensities of the
experimental spectra peaks are different with the simulated peaks. The simulated
phosphorescence spectra reproduce the important experimental spectrum peaks very
well. It also allows us to assign the important peaks of phosphorescence spectra of

coumarylpyrone.

3. H-Pyrene+ and H-Coronene+ are the main candidates for the carrier of diffuse

interstellar band. In order to assign the experimental absorption and emission spectra
2



Abstract

of H-Pyrene+ and H-Coronene+, which have been observed in neon matrix, the
(TD-)DFT method and Franck-Condon principle approximation have been used to
simulate the vibrational resolved electronic spectra. For H-Coronene+, the predicted
vibrationally resolved electronic absorption and emission spectra agree well with
experimental spectra, and most of vibronic peaks have been reproduced very well. For
H-Pyrene+, the calculated absorption, emission and 0-O band energies are in good
agreement with the experimental values. The strong absorption and emission vibronic
peaks near the 0-0 band are in good agreement with experiment peaks. We also note
that there is a deviation between experiment and theory for weak peaks beyond the

origin band, indicating that more effects should be considered in calculation.

Keywords: coumarin; pyran coumarin; H-Pyrene +; H-Coronene +; vibronic spectra;

theoretical calculations.
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