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In H24, we performed two tasks: a) the development of an automatic parameterization scheme
for the self-consistent-charge density-functional tight-binding (DFTB) method for extended
systems in both ground and excited states, and b) we applied standard time-dependent DFTB

(TD-DFTB), TD-DFT, and ab initio quantum chemical methods in the calculation of excited
13)

states structures, reactions, and dynamics of t—conjugated compounds



a) Automatic parameterization of DFTB diatomic repulsive potentials and their
benchmark in TD-DFTB calculations. In collaboration with Prof. Henryk A. Witek (National
Chiao Tung University, Hsinchu, Taiwan), we developed an automatized parameterization
scheme for the diatomic repulsive potentials (E*"), based on the particle swarm optimization
(PSO)-technique, previously employed in the automatic generation of DFTB electronic
parameters. Now, both types of parameters can be simultaneously optimized, at minimum user
cost. Extensive tests of the automatically generated parameters for ground- as well as
excited-state TD-DFTB calculations are underway in our lab. We employed the DFTB method
and corresponding parameters in joint experimental-theoretical studies of covalent organic

14-17)

frameworks and helical polymer-fullerene peapods.'"® The charge delocalization error was

described and quantified in a purely theoretical work.'”

b) Application of standard excited states quantum chemical methods to soft O materials.
(i) We revealed in a combination of TD-DFTB molecular dynamics simulations and
TD-CAM-B3LYP excited states calculations that the unusual fluorescence blue shift with
increasing molecular size of [n]cycloparaphenylenes is caused by emission from a combination
of bright S,/S; as well as dark S,.2%?"  The former two states form a Jahn-Teller EQe system
giving rise to a double-peak feature in case of large n, whereas symmetry-breaking occurs in the
more flexible, small-n CPPs, allowing radiationless decay of the bright states to S;, and
radiative emission from S; to the ground state. (ii)) We have theoretically investigated the
substituent effect on twisted internal charge transfer (TICT) excited states of N-borylated
carbazoles and (diphenylamino)boranes'”. SAC-CI calculations demonstrated that
TD-B3LYP calculations are able to represent the S; excited state potential energy surfaces in
these compounds well. Extensive TD-DFT studies of the torsional energy barriers in the
excited states revealed that bulky substituents on boron reduce the Stokes shift by decreasing the
torsional angle between the N-containing and the B-containing m—subsystems. Steric and
electronic effects can have opposite effects on the Stokes shift. The recent development of
statistical mechanics-based methods will be instrumental for the future simulation of absorption

.. . . 23
and emission spectra of molecules in solution.”
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