Accepted Manuscript

CHEMICAL
PHYSICS

Error propagation in first-principles kinetic Monte Carlo simulation TER

earch in molecul
biological system:

toms

Sandra Dopking, Sebastian Matera

PII: S0009-2614(17)30161-6

DOL: http://dx.doi.org/10.1016/j.cplett.2017.02.043
Reference: CPLETT 34556

To appear in: Chemical Physics Letters

Please cite this article as: S. Dopking, S. Matera, Error propagation in first-principles kinetic Monte Carlo simulation,
Chemical Physics Letters (2017), doi: http://dx.doi.org/10.1016/j.cplett.2017.02.043

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our customers
we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and
review of the resulting proof before it is published in its final form. Please note that during the production process
errors may be discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.


http://dx.doi.org/10.1016/j.cplett.2017.02.043
http://dx.doi.org/10.1016/j.cplett.2017.02.043

Error propagation in first-principles kinetic Monte
Carlo simulation

Sandra Dopking, Sebastian Matera*®

Institute for Mathematics, Freie Universitdt Berlin, Arnimallee 6, 14195 Berlin, Germany

Abstract

First-principles kinetic Monte Carlo models allow for the modéling of catalytic
surfaces with predictive quality. This comes at the price of non-negligible er-
rors induced by the underlying approximate density functional calculation. On
the example of CO oxidation on RuO3(110); we demonstrate a novel, efficient
approach to global sensitivity analysis, with which we address the error prop-
agation in these multiscale models.- We find, that we can still derive the most
important atomistic factors for reactivity, albeit the errors in the simulation
results are sizable. The presented approach might also be applied in the hier-
archical model construction or'computational catalyst screening.
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First-principles kinetic Monte Carlo (1p-kMC) have become popular for model-
ing the chemical kinetics in heterogeneous catalysis[1]. This popularity results
from the predictive quality of the approach, enabling an understanding of the
detailed surface chemistry without the possible masking by the fitting of param-
eters. In 1p-kMC, the mechanism and corresponding energy barriers are instead

obtained from first-principles electronic structure methods and kinetic Monte
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