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Molecular dinitrogen, N2, is by far the major component of the atmosphere (ca 

78% by volume). It is a very inert molecule to most species (humans for example), but to a 

few organisms which are able to fix and transform N2 into NH3, then in nitrogen 

containing molecules essential to life. These nitrogenase metalloenzymes catalyze the 

reduction and protonation of N2 at biological temperature and atmospheric pressure 

despite the high energy of the N-N bond, on a scale of ≈108 tons/year.   

N2 +8H+ +8e− +16MgATP → 2NH3 +H2 +16MgADP + 16Pi 

It was determined in the 1960s that a FeMo nitrogenase, the X-Ray 

structure of which (Fe: grey; Mo: red; S, yellow; N: blue) is presented,[1] 

is responsible for the fixation of N2 via the polymetallic core. Despite 

that, the precise mechanism of ammonia synthesis remains unclear. 

 

The very large demand for nitrogen fertilizers lead chemists 

more than 100 years ago to develop heterogeneous catalysts for 

synthesis of NH3 from N2. F. Haber (Nobel Prize in 1919) succeeded in 

the laboratory in 1909, and this process was soon after developed to an 

industrial process (BASF company) by C. Bosch (Nobel Prize in 1931) 

in 1913.   

N2 +3H2 → 2NH3 

This process produces ≈108 tons/year of NH3, but requires quite drastic conditions 

(temperatures > 200°C, pressures > 400 atm) and is therefore extremely 

energy-consuming.     

At approximately the same time, the first mono metallic complex featuring coordinated 

N2 was discovered by Allen and Senoff: [Ru(NH3)5(N2)]2+; and Vol’pin and Shur showed 

that transition metals complexes, in the presence of strongly reducing agents, could 

reduce N2 to products liberating NH3 when treated with excess acid.[2] These results 

were groundbreaking, showing that N2 could not only act as ligand for transition metal 

fragments, but also that coordinated N2 could then become reactive and transformed in 

stoichiometric manner. It has been the dream of many chemists since then to be able to 

develop catalysts able to perform the N2 transformation into NH3, or into other N 

containing compounds. Two different strategies have been pursued, clearly related to the 

biological systems (use of “6H+ + 6e−”) or the heterogeneous Haber-Bosch process (use of 

H2): 

N2 +6H+ +6e− → 2NH3 ← N2 + 3H2 
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One has to realize here that both approaches are extremely arduous. Indeed, in the vast 

majority of cases: H2 is a much better ligand and much more reactive toward transition 

metal centers than N2; and, unlike in biological environment, sources of H+ do react 

generally very fast, with sources of electrons when mixed. 

Dr. A. Quadrelli and her co-workers have most recently unraveled 

a novel mode of action of H2 toward coordinated N2 on immobilized Ta 

complex.[3] She will show that on a single highly unsaturated transition 

metal center, N2 and H2 can be both activated, leading to the efficient 

splitting of the N-N bond. 

Despite extensive work, only one catalytic processes for the synthesis of ammonia 

has been reported sofar. In 2003, Yandulov and Schrock presented a Mo(III) complex 

featuring a very bulky tris-amido amine ligand, able to “mimic” the biological systems in 

the sense that successive additions of protons and electrons lead to the formation of NH3. 

They then devised the system: decamethyl chromocene (source of electrons) + lutidinium 

(source of H+), and showed the process to be catalytic, despite low turnover numbers 

(maximum TON=8).[4] Dr. Nishibayashi will present most 

recent results obtained in his group, using a carefully designed 

ligand system coordinated to a Mo(0) center, and a related 

approach.[5] This system presents improved catalytic behavior 

compared to Schrock’s system. 

 

In conclusion, it is quite obvious that the heterogeneous Haber-Bosch process for 

the production of NH3 from N2 will not be replaced by homogeneous systems in the near 

future. However, mechanistic understanding gained over the past 50 years on the 

activation of N2 by transition metal complexes will guide synthetic chemists toward more 

efficient catalytic systems, highly desirable from an ecological (in terms of energy 

consumed to synthesize NH3) point of view. It should also open the way for the direct 

synthesis of N containing compounds.    
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