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Dinitrogen activation and functionalization mediated by Mo and Fe centers. 

 Dinitrogen constitutes ca 78% of terrestrial atmosphere, and can therefore be considered as an 
endless resource. In nature, several plants possess the capacity to absorb atmospheric N2, which is 
subsequently transformed by symbiotic microorganisms into ammonia. The mechanism of action of the 
corresponding enzymes, nitrogenases, involves several transition metal centers such as Mo or Fe arranged 
in S bridged clusters. N2 is coordinated to the clusters and subsequently reduced by external source of 
electrons and protonated. Industrially, the Haber-Bosch process is used to make more than 100 million 
tons of NH3 per year using N2 and H2. Mechanistically, N2 is split at the surface of an heterogeneous 
catalyst, and the M-nitrido intermediate is then functionalized by M-H moieties. Overall this process is the 
most energetically demanding chemical process as it uses more than 1% of the total En produced yearly.  

 In the past few years, we have been interested in the development of molecular complexes which 
would be able to coordinate N2 and to promote its transformation into amine derivatives in a catalytic 
fashion.1,2 We have focused on Mo center stabilized by either tetradentate or tridentate phosphine ligands. 
We have carried out both stoichiometric and catalytic studies. In the stoichiometric studies, our goal is to 
isolate possible catalytic intermediates. The example of the Mo(PP3

Cy), representative of our approach, is 
shown below. Complexes 1, 2, 4 and 10 have been fully characterized, including X-ray. Their similar 
catalytic performances strongly suggest that complexes 4 and 9 are true intermediates in the catalytic 
reduction of N2 by TMSCl and electrons. 

 

More recently, we have been able to devise the first Haber-Bosch like functionalization of N2, under very 
mild conditions.3 Indeed, we have devised a (PP2

Cy)Mo system, capable of splitting N2 at room 
temperature and functionalize the Mo-nitrido species by simple silanes (R3SiH) to form the corresponding 
silylamine (R3Si)2NH. This process is so far stoichiometric and efforts are now made to develop what 
would be the first catalytic version of a Haber-Bosch like process using well defined homogeneous 
transition metal complexes.  

In this Ph.D. project, and based on our preliminary results, we will further investigate the chemistry of 
these platforms (polydentate ligands/Mo), as well as develop the chemistry of Fe and Re. The candidate 
should be very enthusiastic, ideally having experience in the isolation/characterization (NMR, EPR and X-
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Ray) of reactive species. Experience in main-group chemistry will be appreciated. Interested candidates 
should include a cover letter and a detailed CV.  
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