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Theory in electrocatalysis
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electrochemical cells
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electrochemistry - the redox table
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Cyclic voltammograms
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Overpotential for ORR
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experiment vs theory
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Experimental benchmarking - OER
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Accuracy and speed of DFT
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theory in electrochemistry - some considerations
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the simple approach
the computational hydrogen electrode
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how to calculate H+ and e-
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hydrogen evolution analyzed with the CHE
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hydrogen evolution analyzed with ∆GH*
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hydrogen evolution volcano
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computational screening for HER catalysts
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computational screening for HER catalysts
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influence of applied potential
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influence on applied potential on HER
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oxygen reduction reaction (ORR)
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origin of overpotential for ORR
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origin of overpotential for ORR

Nørskov, Rossmeisl, Logadottir, Lindqvist, Kitchin, Bligaard, Jonsson, J. Phys. Chem. B 2004, 108, 17886.



14.06.2016 Institute of Catalysis Research and TechnologyTheory in heterogeneous catalysis23

origin of overpotential for ORR

Nørskov, Rossmeisl, Logadottir, Lindqvist, Kitchin, Bligaard, Jonsson, J. Phys. Chem. B 2004, 108, 17886.



14.06.2016 Institute of Catalysis Research and TechnologyTheory in heterogeneous catalysis24

origin of overpotential for ORR

Nørskov, Rossmeisl, Logadottir, Lindqvist, Kitchin, Bligaard, Jonsson, J. Phys. Chem. B 2004, 108, 17886.



14.06.2016 Institute of Catalysis Research and TechnologyTheory in heterogeneous catalysis25

origin of overpotential for ORR

Nørskov, Rossmeisl, Logadottir, Lindqvist, Kitchin, Bligaard, Jonsson, J. Phys. Chem. B 2004, 108, 17886.



14.06.2016 Institute of Catalysis Research and TechnologyTheory in heterogeneous catalysis26

origin of overpotential for ORR

Nørskov, Rossmeisl, Logadottir, Lindqvist, Kitchin, Bligaard, Jonsson, J. Phys. Chem. B 2004, 108, 17886.



14.06.2016 Institute of Catalysis Research and TechnologyTheory in heterogeneous catalysis27

the simple CHE approach - assumptions
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the ORR and OER volcanoes
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scaling relations for adsorption energies
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OH vs OOH
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ORR and OER volcanos
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ORR volcano

Rossmeisl, Qu, Zhu, Kroes, Nørskov, J. Electroanal. Chem. 2007, 607, 83. Greeley, et al, Nature Chem. 2009, 1, 552.
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OER on oxides
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scaling on oxides
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the OER volcano on oxides
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2D materials for energy conversion
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CO2 electroreduction
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Hori’s table
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CO2 reduction on Cu electrodes

Peterson, Abild-Pedersen, Studt, Rossmeisl, Nørskov, Energy Environ. Sci. 2010, 3, 1311.
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CO2 reduction intermediates
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hydrogen evolution
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CO2 to formic acid
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CO2 to CO
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CO2 to CH4
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summary
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CO2 reduction as function of ∆ECO
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comparison of electrochemical processes
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