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Nature’s complexed machineries!
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Iron porphyrin as catalysts
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Manipulating the electroctalytic activity of Iron porphyrin

How can the overpotential be lowered?

FeTPP-ES FeTPP-F20
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Leveraging Nature’s Secrets

* Multi-hydrogen bonding scheme
* Bimetallic cooperativity

* Electrostatic interactions

* Proton relays

* Entatic states

e Structural dynamics




Hydrogen Bonding

FeTPP-Ur

v" afap configuration
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Electrochemical performance of complexes.
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Effect of Proton Source
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* Proton transfer is involved in rate-determining step
* Water network in the vicinity of the catalytic site is presumed
to play a critical role

DFT-optimized CO2-H20 adduct

P. Gotico et al Angew. Chem. Int. Ed, 2019, 58, 4504-4509



Two-Electron Two-proton Photocatalysis
CO, Reduction
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Photocatalytic CO, reduction
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Second Coordination Sphere Effect Shifts CO, to CO Reduction by
Iron Porphyrin from Fe® to Fe'
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Bimetallic heterogeneous catalysis
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Electrostatic assisted catalysis

CVs under Ar 0 under CO, and H,0
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Cobalt Phthalocyanine for CO2 Reduction: Hydride transfer?

Introducing a potential center for organic hydride formation
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Cobalt Phthalocyanine for CO2 Reduction
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Collaboration with VITO, Belgium

Angewandte Chemie Int Ed. 2024, 10.1002/anie.202411967



Reducing CO2 in presence of 02

O, reduction is thermodynamically favored over that of CO.,.
5% O, in CO, near catalyst surface is sufficient to completely inhibit the
CO, reduction reaction

FE,=75.9%
0, =5%

Schematic diagram of the PIM-CoPc/CNT hybrid electrode for O,-tolerant
catalytic CO, reduction.

H. Wang and collScience bulletin. 2019, 64, 1890-1895



CV and Heterogeneous electrocatalysis
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Perspectives

Réduire le CO2 directement de I'air a des faibles concentrations
i) Introduction d’un module pour le captage du CO2
ii) Développement de catalyseurs

iii) Réalisation de réduction du CO2 en présence de 02

iv) Développement de la catalyse hétérogene

Projet AUDACE
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