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Photosynthese Artificielle
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Carbone dans tous états...

Potential (V

Half-electrochemical reactions vs. SHE)
CO,+e — COy —1.90
CO, +2H"+2e — CO + H,0O —0.53
CO, + 2H" + 2e — HCO,H —0.61
CO, + 4H' + 4 — HCHO + —0.48
H,O

CO, + 6H' + 6e — CH;0H + —0.38
H,O

CO, + 8H' + 8¢ — CH, +H,0 —0.24
2H" +2¢ — H, —0.41

Table 1 Known pathways of CO, fixation by microbes

Pathway name CO,-fixing enzymes Examples of Microbes O, sensitivity
Calvin-Benson-Bassham Cycle RubisCO Acrobic autotrophic bacteria (cyano- Tolerant
bacteria, purple sulfur bactena. . . etc.)
Reductive tricarboxylic 2-oxoglutarate synthase, isocitrate Bacteria such as Chlorobium sp. and Sensitive
acid cycle dehydrogenase, pyruvate synthase, PEP Desulfobacter sp.
carboxylase
Redudctive acetyl-CoA pathway Acetyl-CoA synthase, formate Methanogenic archaea and acetogenic Sensitive
dehydrogenase bacteria
3-Hydroxypropionate/ Acetyl-CoA carboxylase, Propionyl-CoA Phototrophic bacterium, Chloroflexus Sensitive
malyl-CoA cyde carboxylase aurantiacus
3-Hydroxypropionate/ Acetyl-CoA aarboxylase, Propionyl-CoA Autotrophic Crenarchaeota, Microaerobic
4-hydroxybutyrate cycle carboxylase Sulfolobales, Metallospharea sedula conditions
Dicarboxylate/ Pyruvate synthase, Phosphoenol Archaea such as Ignicoccus hospitalis, Sensitive
4-hydroxybutyrate cycle pyruvate carboxylase Thermoproteus neutrophilus




La nature n’est pas pressée...

Central Metabolic Pathways A o Au ka u |OO
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3 CO, + 9 ATP + 6 NADPH + 6 H* - C;H.O;-phosphate + 9 ADP + 8 P, + 6 NADP* + 3 H,0




Lecons de la nature: Réduction de O,, NO,", SO,;*

p 7 Tyr 244

Phe 425

His 369
His 240
Tyr 10 (sub. 8) Leu 424
, His 291 )f}t*;’\
‘ :

= . His 327

Cytochrome c Oxidase Nitrite reductase Sulfite reductase
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Complexes porphyriniques pour la réduction du CO,...
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Stabilisation par voie électrostatique

Arieh Warshel Nobel Prize 2013
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Porphyrins with embarked lonic liquids
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lere Stratégie: Effet électrostatique

Cyclic Voltammetry of modified iron porphyrins
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Propriétés électrocatalytiques
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Performance électrocatalytique éxaltée!
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2¢me gtratégie. Liaisons Hydrogéne

Carbon Monoxide Dehydrogenase (CODH)
Moorella thermoacetica

Co, —— €O
CO oxidation: 40 000 s!
CO, reduction: 45 s!
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2¢me stratégie. Modele biomimétique de la CODH
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Manipulation de la seconde sphéere de coordination

Substrate activation
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Synthese et caractérisation

OCNO DCOZCI

CF3 FsC
CH,Cl CHCI/THF, NEt,

F3C
CF;
TPP-Ur TPP-Am
1) FeBr,, lutidine, THF, 1) FeBry, lutidine, CHCI;,
RT 50° C
2) HCI 0.5 M/CHClj, 2) HCI 0.5 M/CHCly

F3C

FeTPP-Ur FeTPP-Am
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Propriétés électrocatalytiques
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Captage du CO,..

Fel +1e~ = Fe°
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H,0 comme source de protons!!
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Performance électrochimique
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v Overpotential of 430 mV
v' TOF of 2760 st

v" TON of 3 280 000

v' 91% Faradaic efficiency
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3 stratégie: Valorisation du monoxide de carbone

Carbon Monoxide Dehydrogenase (CODH)
; | Gas channel

Acetyl CoA
Synthase
(ACS)

Synthase
(ACS)

Moorella
thermoacetica

(A
C

O, ——(CO' >
2 CHs-CFeSP 20N
+ CFeSP
A. Aukauloo CFeSP = corrinoid iron-sulfur protein; CoA = coenzymeA
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Valorisation du monoxide de carbone

Artificial Mimic
-

COware® two-chamber reactor was utilized to
explore the possibility of a direct use of CO, in
carbonylation chemistry under mild conditions

v" One pot: avoid handling of toxic CO
v Eliminates the need for expensive CO precursors
v’ Lab-scale access for future researches on merging

artificial photosynthesis and transformative chemistry
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Valorisation du monoxide de carbone

v’ Sensitization in the visible region

v’ Electron transfer from the Ru
photosensitizer to Re catalyst

v’ Optimized TON of 800
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