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Abstract:  

Ab initio molecular dynamics (AIMD) simulations can describe reactions of molecules  with
metal  surfaces  accurately.  However,  the  computational  costs  of  AIMD  have  limited  its
applications to the systems with reaction probabilities higher than 1%.
Recently, Neural network potentials (NNPs) have allowed overcoming this limitation but small
cell  sizes (typically 3 × 3) inherited which resulting in a  rather coarse description of the
phonon continuum by phonons of only very few different wave vectors (typically 9). In this
work, based on NNPs, we increase systematically the set of phonon wave vectors using
larger cells in simulations. Therefore, the role of long-wavelength phonons in the reaction
probability and thus energy dissipation at low incidence energies is investigated. The results
show that the long-wavelength phonons increase the reaction probability at low incidence
energies and constitute the largest contribution to the energy uptake of the surface.
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