J. At. Mol. Sci. Vol. 5, No. 1, pp. 21-25
doi: 10.4208ams.050213.070413a February 2014

Entangled trajectory molecular dynamicstheory for the
collinear H+H> reaction

Lifei Wang, Feng Xu, and Yujun Zherig
School of Physics, Shandong University, Jinan 250100, China

Received 2 May 2013; Accepted (in revised version) 4 July3201
Published Online 18 November 2013

Abstract. The recently formulated entangled trajectory molecularadyics (ETMD) theory
is applied to the collinear hydrogen exchange reaction. réaetion probability is calculated
for one- and two-dimensional of collinearH, model. It is found that although the results of
ETMD are not in good agreement with quantum mechanics siiouks the numerical trend is
consistent with each other.
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1 Introduction

Quantum-mechanicalffects are essential in many chemical reactions, such agppérbenergy,
interference, tunneling and nonadiabatic behavior. Titependent quantum wavepacket methods
are widely used to study molecular dynamics. Traditionalhoés of solving the time-dependent
Schrodinger equation are based on basis sets of funcspasial grids or discrete variable rep-
resentation scale exponentially with the system size, lagigtfore these methods are not feasible
for systems beyond eight or so dimensions [1]. At the same,talassical molecular dynamics is
intensively used to study complex systems, but it is inckpabdescription quantum-mechanical
effects. Itis, as a long-standing goal in this area, the usefigtelop semiclassical methods which
can both favorable scaling with respect to system size atutaie description of the quantum phe-
nomena. And, considerable progress has been made ovestliewadecades in the development
of trajectory-based approaches [2—8]. The methodology@ingled trajectory molecular dynam-
ics (ETMD), where Wigner distribution function is repretshas a trajectory ensemble, is also
developed and is successfully applicable to several m¢6les 11-13].

The Wigner transform of the quantum Liouville equation gieguivalently representations of
quantum mechanical and serves as the basis for the ETMD thetlin@re the Wigner distribution
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function represents as an ensemble of trajectories. Thdaoahguantum character enters this
method through the interactions between the ensembletivajes, which involves as the distribu-
tion function exists in the equations of entangled trajeeto

Collinear hydrogen exchange reaction is one benchmark hodddemical reactions. This
system has been investigated bffelient approaches, and the reaction probability and ratgaoin
for the elementary reaction have been calculated usingici$14,15], semi-classical [16,17] and
guantum methods [18-20]. The application the entanglgddi@y molecular dynamics method
(ETMD) to the standard collinear chemical reaction, whararqum éects are especially signif-
icant, is encouraging . In this letter the collinear-H, exchange reaction is studied using the
ETMD method in Wigner phase space.

The Wigner function, corresponding to the wave functigiu;t), can be written as follows
[21]:
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where all integrals are fromoo to 4-co unless otherwise noted.

ETMD method is based on solving the quantum Liouville equratising a trajectory ensemble
with non-classical terms in time evolution. The equatiohmotion for the entangled trajectories
can be defined as follows as [6,7,11,12]
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In the following, we illustrated the ETMD method by calcitaf the reaction probability of
one-dimensional and two-dimensional model which mimidimear hydrogen exchange reaction.
There are few dierent sampling method, such as, normal sampling of a muédsional Gaus-
sian or simply use a density cditdn a uniform sampling, to sample initial values of Wigner
function. In our numerical calculation, we sample the aitralues of the trajectories from the
Gaussian distribution according to the same propertieesélinitial values are the “rectangle”
shape in the phase space. Actually, it is one of the methaalgoid the rectangle by evolving these
initial points under the Fokker-Planck equation. Many agphes to the problem of constructing



