
'Physique et Chimie des Matériaux' – ED 397 – année 2017 
Proposition pour allocation de recherche,  

Envoi impératif par mail (PDF exclusivement) avant le lundi 20 mars 2017 à 12h à : 

christian.bonhomme@upmc.fr,  

! Attention : après cette date, aucun sujet ne sera pris en compte ! 

 

Unité de recherche (nom, label, équipe interne): Laboratoire de Recherche de Surface UMR 7197 

Adresse : Tour 43-53, 3ème étage, UPMC, 4 Pl. Jussieu, 75005 PARIS 

Directeur de l’Unité : Pr Hélène PERNOT 

Etablissement de rattachement : UPMC 

Nom du directeur de thèse (HDR), téléphone et courriel : Dr Alberto MEZZETTI, 06 74 76 71 49. 

alberto.mezzetti@upmc.fr 

Nombre de doctorants actuellement encadrés et années de fin de thèse (*: ligne à renseigner 

obligatoirement) : 0 

Co-encadrant éventuel : Dr Winfried LEIBL (CEA-Saclay) winfried.leibl@cea.fr 

Thème* (A,B,C,D,E) : A 

 

Titre de la thèse: Photobiocatalytic water oxidation 

 

Description du projet (max. 1 page) :  

The research towards new renewable energy sources has led to the development of biofuel cells that 
use molecules coming from biomass (glucose, methanol) as electron source and O2 as the final electron 

acceptor. These reactions are catalysed by enzymes, with laccases often used for oxygen reduction. 
Recently, it has been shown that laccase can also catalyse the opposite reaction, i.e. water oxidation to 
O2 [1,2]. This opens new perspectives in the field of hydrogen production, as the critical point is the 

kinetic limitations in the oxidation of water [3]. In plants, photosystem II is the light-driven enzyme 
which oxidizes water; however, it is a very complicated system whose stability is poor, especially in 

isolated form outside of the plant cells. In contrast, laccase, which is a very stable, industrially used 
enzyme could represent an interesting alternative.  
Recently, it has been shown that the Cu(II) ions forming the active site of laccase can be reduced 

through electron transfer not from the natural substrates, but from the excited state of a chromophore 
(porphyrines or Ruthenium-polypyridine complexes) [4]. 

These two proofs on concept, i.e. the achievement of a redox reaction between laccase copper ions and 
a photoactivated organometallic complex, and water oxidation catalysed by laccase can be associated in 
order to develop a molecular photobiocatalytic device for water oxidation at an anode.   

The working mechanism of the device can be described as follows: 1) photo-activation of the 
organometallic complex P to a strongly reducing P* species, giving its electron to the anode (this 

electron will then be used at the cathode for H2 production starting from H+. 2) the formed P+ , strongly 
oxidising (+1.2 V), oxidises Cu (I) of the T1 site of laccase, which has been reduced after water 
oxidation. When the 4 copper ions of the enzyme have all been oxidised to Cu(II), laccase is back to 

the initial state and ready for a new catalytic cycle.  
The choice of the organometallic complex will take into account several criteria:  quantum yield, 

lifetime of intermediates (compatible with intermolecular electron transfer), redox potential of the 
P+/P* and P+/P couples, in order to make them suitable for the electron transfer reactions. Ru bypiridine 
complexes are good candidates [5]. The CEA lab, which has a long-standing experience in the 

synthesis of these complexes, made a Ru complex whose bypiridine ligands are functionalised by 
phenol groups [6]. Normally, molecules bearing phenol moieties are good substrates for laccase, and 

should therefore have a good affinity for the T1 site, thereby making the intermolecular electron 
transfer of step 2) easier. 



One of the key parameters of the two different electron transfer steps (from the organometallic complex 
to the electrode and from the enzyme to the organometallic complex) is the spatial organisation. The 

goal will be to immobilize covalently the photoactive complex to the electrode, and/or to the enzyme. 
This would make it possible to optimise their relative orientation. In this framework, the LRS expertise 
in the oriented immobilisation of laccase on surfaces [7,8], and of its characterisation (PM-IRRAS, 

XPS) will be extremely useful. On the other hand, the spectroscopic techniques available in the two 
labs (laser flash photolysis, EPR, High field EPR, Resonance Raman) will make it possible to study the 

electron transfer reaction kinetics and to characterize some reaction intermediates.  
From a fundamental research point of view, as the details of water oxidation mechanism by laccase is 
presently completely unknown, time-resolved FTIR difference spectroscopy [9] (with electrochemical 

or photochemical triggering) will represent a new approach to investigate not only electron transfer 
reactions, but also proton transfer pathways, redox-induced structural changes of the enzyme, and 

formation of reaction intermediates.  
From an applicative research point of view, the goal will be to optimize the light-driven electron 
transfer chain in order to get the highest (and most stable) current possible. 
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