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ABSTRACT

Modeling of dissociative chemisorption requires dynamical simulations that
explore the entire relevant potential energy surface (PES), because simplified
transition state theory models often vastly overestimate the reactivity, even at
catalytic temperatures. For example, several cases are known where two PESs
obtained with different DFs, but with a similar minimum barrier height and
geometry, yield considerably different reaction rates due to dynamical effects
arising from other parts of the PES than the minimum energy path. Furthermore,
the ubiquitous workhorse DFs are of the generalized gradient approximation (GGA)
family, but they struggle to correctly describe both gas-phase molecules and metal
surfaces, and especially often underestimate reaction barrier heights due to the
self-interaction error. It has become clear that this class of reactions requires a DF
that is robust across many different types of chemistry, making it an excellent case
study for the development of next-generation robust workhorse DFs. | have recently
shown that meta-GGA[1,2] and screened hybrid GGA DFs[3] can (partially) solve
these problems, by employing (ring polymer) molecular dynamics[1,3,4], machine
learned PESs[1,4], and beyond-GGA DFs[1-3]. | demonstrate with several examples
that current of-the-shelf DFs are insufficient to provide (chemically) accurate PESs,
since just going beyond the GGA is insufficient. The lessons learned here can be
leveraged to develop accurate workhorse DFs that are suitable for a wide plethora
of chemistry, and not just molecule-metal surface reactions.
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