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Title Design and electrochemical study of organometallic catalysts without noble metals for the activation of resource  molecules 

Context 

The scarcity and the increasing cost of natural resources require innovations in current industrial processes. 
In particular, the transition metal catalysts are powerful tools for the development of green chemistry as they enable to perform processes 
with low waste, to improve the efficiency of these latter, and to induce selective reactions. The use of noble metals is doomed to be limited 
in near future due to their environmental impact, rarity as well as their high cost. Although they are generally less efficient, metals of the 
first period (Mn, Fe, Co, Ni, Cu), more abundant and much less expensive, afford a promising and environmentally friendly alternative. In 
this context, molecular and bio-inspired approach seems very promising and aims to design new electrocatalysts inspired by the 
functioning of some metalloenzymes. The main limit of this approach is to understand the key features of the active sites of enzymes in 
view to reproduce their activity while avoiding the complexity of the protein matrix. This approach offers many advantages as it allows to 
obtain low cost catalysts which are generally more stable than enzymes from which they are inspired. Their electronic and steric properties 
are adjustable and their stability allows to use them in extensive operating conditions. 

 
Objectives 

The aim of this project is to develop new strategies for the synthesis of iron-based polymetallic electrocatalysts inspired by the active site of 
hydrogenases and/or nitrogenases, and to study their activity. One of the key points is the introduction of redox and acid-base 
functionalities in the coordination sphere of the metal center, which are required for the activity as catalysts while controlling the flexibility of 
these systems that is essential for stabilizing catalytically active conformations. The introduction into the polymetallic systems of a 
'frustrated Lewis pairs' device for the activation of small target molecules (H2, N2, CO2) will be also an objective. The project will focus 
mainly on the catalytic oxidation of molecular hydrogen, which is a promising challenge, since currently few molecular electrocatalysts are 
able to efficiently carry out this transformation. This goal will require a good understanding of electron and proton transfers processes 
allowing the H2 activation by the synthesized complexes. The study will be extended to the reactivity of selected complexes towards the 
activation of small inert molecules such as CO2 or N2. 

 
This project is supported by the expertise of the Brest team (UMR CNRS 6521 CEMCA, http://www.umr6521.cnrs.fr/, Brest - supervisor 
and co-supervisors : Dr. Lucile Chatelain, Dr. Catherine Elleouet, Pr. Philippe Schollhammer) in the field of organometallic synthesis and 
electrochemistry. Theoretical modeling of molecules and mechanistic processes will be carried out in the group of Pr. L. Gioia (University of 
Milan-Biccoca, Italy) 

Expectations 
 

Design of new bio-inspired molecules as catalysts and development of innovative processes involving the activation of resource molecules 
in the field of sustainable chemistry. 

 Candidates must have relevant experiences/knowledges in organometallic chemistry and electrochemistry as well as synthetic chemistry 
skills with knowledge of syntheses under inert atmosphere and spectroscopic characterization (IR, NMR …). 

 Candidates should send their application to Pr. Philippe Schollhammer by email (schollha@univ-brest.fr) (CV + contact details of 
references + a motivation letter in which the candidate should describe how his/her background match the description of the position) 

 


