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sﬁe Novel Quantum Dynamics Methods for Excited-State Non-adiabatic Dynamics sﬁ:
Yy ABSTRACT 'y
’{:‘f Commonly-used adiabatic molecular dynamics methods, where dynamical propagation is subject 4
:%: to only one potential energy surface (PES), are not sufficient for studying charge transfer ::
= reactions which normally involve participation of several electronic and/or vibrational states plus «@
] nuclear quantum effects such as proton tunneling and zero-point energy. During the past few %
sie years, we have developed different methods and schemes to tackle this challenge with an 3
& emphasis on proton-coupled electron transfer (PCET) reactions. The focus of this talk is on two ®

{

R

of such methods, namely mixed quantum-classical Liouville (MQCL) and Ring Polymer
Surface-Hopping (RPSH) methods. MQCL is a surface-hopping algorithm based on the
numerical solution of the quantum-classical Liouville equation which compared to the widely-
used fewest-switches surface-hopping (FSSH) approach provides a more rigorous treatment of
decoherence. This results in yielding accurate mechanisms and rate constants for concerted and
sequential PCET reactions. On the other hand, to efficiently simulate non-adiabatic effects and
nuclear quantum effects with large number of degrees of freedom, we developed RPSH method
where the nuclei are quantized through ring-polymer Hamiltonian in an extended phase-space.
Hence, RPSH incorporates nuclear quantum effects into classical propagation yielding the
correct physical behavior of quantum systems where classical FSSH fails. We demonstrate the
applicability and reliability of RPSH in taking care of tunneling, zero-point energy and
decoherence in the context of infamous Tully models.
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;e Dr. Shakib is currently a postdoctoral research associate in the group of Prof. Francesco Paesani &
e at the University of California San Diego, working on Light-induced excited state spin trapping <
iy (LIESST) processes. She did her PhD in theoretical and computational chemistry at the s
._i.; University of Alberta, Canada, under the guidance of Prof. Gabriel Hanna. Her PhD thesis was ::
= focused on developing mixed quantum-classical Liouville method to study proton-coupled 3
o electron transfer reactions. Among many recognitions during her PhD, Dr. Shakib received %
& “Alberta Innovates Future Technology Fellowship”. Before joining the Paesani group, Dr. 3
:‘:;"e Shakib did a postdoc with Prof. Pengfei Huo at the University of Rochester, New York. There, @
;jf she developed ring polymer surface hopping (RPSH) method for incorporating nuclear quantum &
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