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Summary
The performance of a catalyst (be it a synthetic molecular catalyst, a surface, an enzyme or even a biological motor) is
most often considered in terms of speed (turnover frequency). A distinct figure of merit of any catalyst is related to
how much thermodynamic driving force must be applied to make it work at a significant rate; we and others have
called “reversible” the catalysts that function at a high rate in response to even a small departure from equilibrium (14). Reversible catalysts are desirable, because they do not dissipate (waste as heat) the chemical or electrical energy
that is input to drive the transformation. In particular, understanding what makes some catalyst function reversibly is
crucial in the solar fuels field, where efficient and cheap catalysts, based on transition metals, are needed to store in
the form of chemicals (such as dihydrogen) the energy collected from intermittent sources (2,3). Reversible catalysis
is common in Nature: the enzymes hydrogenases, which produce and oxidize H2, are reversible catalysts. However,
catalytic reversibility has been difficult to characterize experimentally and to engineer in molecular catalysts (3). We
have recently proposed the first kinetic models that allow the use of electrochemical methods to decipher the catalytic
mechanism of synthetic, bidirectional redox catalysts, and to understand what makes them function (ir)reversibly (4).
We will apply this new methodology to a series of recently discovered bio-inspired nickel complexes that have the rare
property of converting reversibly protons and H2 (3). The target complexes will be synthetized and chemically modified
to help their attachment to electrodes, and thoroughly investigated using dynamic electrochemistry to understand
how they work. This synergic project will involve both the bioinorganic chemists at iSm2 (5,6) and the electrochemists
at BIP (1,2,4).
Bibliography
1. (a) Fourmond, V., Plumeré, N., Léger, C. « Reversible catalysis ». Nature Reviews Chemistry (in press) (2021).
2. Hardt, S., Stapf, S., Filmon, D. T., Birrell, J. A., Rüdiger, O., Fourmond, V., Léger, C. & Plumeré, N., “Reversible
H2 Oxidation and Evolution by Hydrogenase Embedded in a Redox Polymer Film” Nature Catalysis (in press) (2021).
3. (a) Dutta, A., Appel, A. M. & Shaw, W. J. “Designing electrochemically reversible H2 oxidation and production
catalysts” Nature Reviews Chemistry 2, 244–252 (2018). (b) Priyadarshani, N., Dutta, A., Ginovska, B., Buchko, G.
W., O’Hagan, M., Raugei, S. & Shaw, W. J. ACS Catalysis, 6, 6037–6049 (2016).
4. Fourmond, V., Wiedner, E. S., Shaw, W. J., Léger, C. “Understanding and Design of Bidirectional and Reversible
Catalysts of Multielectron, Multistep Reactions” J. Am. Chem. Soc. 141, 11269–11285 (2019).
5. Kochem, A., Faure, B., Bertaina, S., Rivière, E., Giorgi, M., Réglier, M., Orio, M. & Simaan, A. J. Eur. J. Inorg.
Chem. 2018, 5037–5037 (2018).
6. (a) Papadakis, M., Barrozo, A., Straistari, T., Queyriaux, N., Fize, J., Giorgi, M., Réglier, M., Massin, J., Hardré, R.,
Orio M., Dalton Trans., 49, 5064-5073 (2020). (b) Pieri, C., Bhattacharjee, A., Barrozo, A., Faure, B., Giorgi, M., Fize,
J., Réglier, M., Field, M., Orio, M., Artero, V., Hardré, R., Chem. Comm., 56, 11106-11109 (2020).

The co-supervisors
Christophe LEGER, Laboratoire de Bioénergétique et Ingénierie des Protéines – BIP (leger@imm.cnrs.fr)
Maylis ORIO, Institut des Sciences Moléculaires de Marseille – iSm2 (maylis.orio@univ-amu.fr)

Locations
BIP, 31 chemin Joseph Aiguier Marseille, France
iSm2, Saint-Jérôme Campus, Marseille, France

Doctoral school
Chemical Sciences (ED 250, https://ecole-doctorale-250.univ-amu.fr/ ), Aix-Marseille Université

Expected profile of the candidate
The candidate will have an experience in inorganic chemistry or electrochemistry.

