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Heterogeneous catalysis is at the core of sustainable chemistry, since it allows a fine control of chemical bond forming
and breaking processes. For the optimal design of catalysts, a fundamental atomic scale understanding of the structure
and electronic structure of the catalytic particle, in interaction with the support and with the reactant is of utmost
importance. Computational chemistry today is a key method, to reach such an understanding at the molecular level of
the structure of the active site and of the elementary processes occurring during the catalytic act.

However, modeling the catalytic reactivity of nanoparticles is challenging, because they expose a large number of
potential active sites, and to make the task at all tractable fast methods for the calculations of adsorption energies are
required. By exploring the adsorption on a large range of surface sites and transition metals, we propose a new way to
quickly and accurately evaluate adsorption energies: the structure sensitive scaling relations, which are valid for all
metals and for all surface sites.” Furthermore, for a highly affordable and reliable description of the size-dependent
activity of the nanoparticles, a generalized coordination number is proposed as a leading descriptor for the adsorption
strength.”> This opens the way for a new class of activity volcano plots where the descriptor is not an energy but a
structure-related quantity. Simple descriptors such as generalized coordination show a strong predictive potential, as
shown in the design of optimal oxygen reduction reaction electro-catalysts.’

Computational chemistry also provides key insights into how the structure and reactivity of catalytic particles are
affected by the interaction with the support and with the reactants. It shows how catalysts can be modified in realistic
operating conditions.* Molecular reaction pathways can be explored, understanding how bonds can be formed and
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broken. Finally | will show how the energetic information from the catalytic elementary reaction steps can be transferred
to mesoscale, and then to macro scale simulations in order to understand reactivity in the gas flow around a catalytic
grain.
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