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Beyond the Top of the Volcano? — A unified approach to

electrocatalytic oxygen reduction and oxygen evolution.

Michael Busch®¢, Niels B. Halck®S, Ulrike Kramm¢ Samira Siahrostami®’, Petr Krtil’, Jan
Rossmeisl?”

®Laboratory for Computational Molecular Design (LCMD) and National Center for Computational
Design and Discovery of Novel Materials (MARVEL), Ecole Polytechnique Fédérale de Lausanne,
Station 12, 1015 Lausanne, Switzerland

®Department of Energy Conversion and Storage, Technical University of Denmark,
Frederiksborgvej 399, DK-4000 Roskilde, Denmark

‘Department of Physics, Technical University of Denmark, Fysikvej Building 311, DK-2800
Kongens Lyngby, Denmark

9Department of Chemistry and Department of Materials- and Earth Science, Technical University of
Darmstadt, Jovanka-Bontschits-Str. 2, 64287 Darmstadt, Germany

*Department of Chemical Engineering, Stanford University, Stanford, California 94305, United
States

fJ. Heyrovsky Institute of Physical Chemistry, Academy of Sciences of the Czech Republic,
Dolejskova 3, CZ-18223 Prague, Czech Republic

9Department of Chemistry, Nano-Science Center, University of Copenhagen, Universistetsparken 5,
DK-2100 Kgbenhavn @. Denmark.

Abstract

We study the oxygen reduction (ORR) and the oxygen evolution reaction (OER) and based on
previous obtained mechanistic insight we provide a unified general analysis of the two reactions
simultaneously. The analysis shows that control over at least two independent binding energies is
required to obtain a reversible perfect catalyst for both ORR and OER. Often only the reactivity of
the surface is changed by changing from one material to another and all binding energies scale with
the reactivity. We investigate the limitation in efficiency imposed by these linear scaling relations.
This analysis gives rise to a double volcano for ORR and OER, with a region in between, forbidden
by the scaling relations. The reversible perfect catalyst for both ORR and OER would fall into this
“forbidden region”. Previously, we have found that hydrogen acceptor functionality on oxide

surfaces can improve the catalytic performance for OER beyond the limitations originating from the
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