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Exploring Nuclear Effects in the Dynamics of Nanomaterials
with a Quantum Trajectory-Electronic Structure Approach1 SOPHYA
GARASHCHUK, University of South Carolina — A massively parallel, direct quan-
tum molecular dynamics method is described. The method combines a quantum
trajectory (QT) representation of the nuclear wavefunction discretized into an en-
semble of trajectories with an electronic structure (ES) description of electrons,
namely using the Density Functional Tight Binding (DFTB) theory. Quantum nu-
clear effects are included into the dynamics of the nuclei via quantum corrections to
the classical forces. To reduce computational cost and increase numerical accuracy,
the quantum corrections to dynamics resulting from localization of the nuclear wave-
function are computed approximately and included into selected degrees of freedom
representing light particles where the quantum effects are expected to be the most
pronounced. A massively parallel implementation, based on the Message Passing
Interface allows for efficient simulations of ensembles of thousands of trajectories at
once. The QTES-DFTB dynamics approach is employed to study the role of quan-
tum nuclear effects on the interaction of hydrogen with a model graphene sheet,
revealing that neglect of nuclear effects can lead to an overestimation of adsorption.
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