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Atomistic simulations have matured considerably over the last years with a plethora of applications ranging
from the rational design of novel catalysts and functionalized materials to the study of operando changes in
surface chemistry. In all cases, the prediction quality critically depends on the model’s capability to depict the
dominating molecular interactions, independent of the interaction type and the length scale. In this talk, | will
present my contributions to the method development and several examples where we successfully employed
advanced computational methods in close connection with experiments to arrive at a detailed understanding
of the underlying processes.

First, I will discuss the potential and limitations of density functional theory (DFT) calculations for predicting
properties of carbon-based compounds adsorbed on metal surfaces.!*? To address the limitations in terms of
accuracy and computational requirements, we developed an embedding framework that efficiently reduces
computational cost and enables systematic improvement of computational surface studies.>4 We validated
this approach by benchmarking the binding energies of CO»-reduction products on Cu(111) surfaces. Secondly,
I will present an on-the-fly training algorithm that enables fast, automated parameterization of force fields for
large-scale molecular dynamics simulations.>¢! This is achieved by continuously adapting and validating the
force field against automatically generated, accurate quantum-chemical reference data. The combination of
methodological developments allows us to bridge the gap between different time and length scales and enables
accurate predictions across many areas of chemical science, such as the development of novel homogeneous
and heterogeneous catalysts, the functionalization of surfaces and materials, or the study of soft matter.
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