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Nonadiabatic dynamics simulations in organic chromophores: vibronic
couplings, efficiency, and transient absorption.
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Photoinduced processes of multichromophoric organic conjugated materials frequently
involve concerted dynamics of coupled electronic and vibrational degrees of freedom (i.e. vibronic
couplings) that can give rise to multiple relaxation pathways, and persisting phase relations or
coherences. Fundamental insights into the coherence creation and destruction mechanisms can
potentially allow the manipulation of photoexcited non-radiative pathways to achieve desired
efficient transfer of energy and charges.

Atomistic Non-Adiabatic Excited-State Molecular Dynamics (NEXMD) using
quantum/classical methods, like surface hopping (SH), Ehrenfest, and Multiconfigurational
Ehrenfest and Ab Initio Multiple Cloning (AIMC) approaches have proved to be suitable for the
analysis of exciton redistributions and vibronic dynamics during electronic relaxation in this class
of molecular systems [1,2,3]. Particularly, AIMC results in a controllable approximation to non-
adiabatic dynamics that naturally includes electronic decoherence. We analyze this by simulating
the energy transfer of a rigid synthetic heterodimer. Our results verify their vibronic nature, that
survives multiple conical intersection passages for several hundred femtoseconds at room
temperature.

Besides, we explore different strategies to increase the efficiency of deactivation of the
excess of electronic energy after photoexcitation of chromophores by using donor-acceptor
dyads[4], catenanes nanorings[5] and stacking arrangements[6].

Furthermore, we report calculations of transient absorption pump—probe spectra delivering
detailed information on photoexcited dynamics of a large four branched dendrimer with a pyrene
core. Our analysis reveals an ultrafast intrabranch energy relaxation that takes place before the
final exciton capture by the pyrene trap[7].
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Aperiodic fragments embedded in periodic solids: Eliminating the need for
supercells and background charges in electronic structure calculations of
defects
Rob Lavroff, Daniel Kats, Lorenzo Maschio, Nikolay Bogdanov, Ali Alavi, Anastassia
Alexandrova, and Denis Usvyat
University of California, Los Angeles, CA, USA; Email: lavroff@g.ucla.edu
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To date, computational methods for modeling defects (vacancies, adsorbates, etc.) rely on
periodic supercells in which the defect is far enough from its repeated image such that they can be
assumed non-interacting. Defects in real solids, however, can be spaced microns or more apart,
whereas affordable supercells for density functional theory calculations are no wider than a few
nanometers. The relative proximity and periodic repetition of the defect’s images may lead to
spurious, unphysical artifacts, especially if the defect is charged and/or open-shell. Furthermore,
to avoid divergence of the periodic electrostatics, a compensating background charge must be
introduced if the defect is charged. Even if post-hoc corrections are used, this is a source of
unquantifiable error and, in some cases, renders total energies and energy differences useless. In
this communication, we introduce a "defectless" embedding formalism such that a pristine,
primitive unit cell may be used for the periodic mean field, after which atoms may be moved or
charged within an embedded fragment. This fragment can then be treated with a post-Hartree Fock
method to capture important electron correlations pertaining to the defect. By eliminating the need
for compensating background charges and periodicity of the defect, we circumvent all associated
unphysicalities and numerical issues. Furthermore, the primitive cell calculations drastically
reduce computational expense compared to supercell approaches. This embedded, aperiodic
fragment scheme is size-intensive with respect to energy differences and can be routinely applied
even to multireference defects, localized excited states, etc. using a variety of fragment solvers. In
examining with this approach bond-breaking in a fluorine-substituted graphane monolayer, a
difficult testing ground for condensed-phase electronic structure methods, single- and
multireference dissociation curves resulting from aperiodic embedding exclude artifacts which do
appear in a periodic embedding approach, even with very large supercells. A mere N=32-atom
fragment achieves the thermodynamic limit of the Hartree Fock dissociation energy of this 2-D
system while a 144-atom supercell is required in the periodic scheme, a massive speedup given
the N"4 scaling of Hartree Fock with system size.
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