Reduction of N2 By Fe+2 a Comparison of Homogeneous and Heterogeneous Reactions: a Theoretical Study
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It is possible to alter the thermodynamic driving force, and possibly the kinetics, of a ferrous iron-mediated reduction of N2 through the adsorption of ferrous iron onto a ferric iron oxide substrate such as goethite. Such an adsorption process alters the product of oxidation as well as the oxidizing environment. Utilizing Density Functional Theory (DFT) and Marcus theory of Proton Coupled Electron Transfer reactions it is possible to characterize the differences between the following two reactions:


Fe+2(aq) + N2(aq) ( N2H● + FeOH+2(aq)
and 

  
(Fe+2(ads) + N2(aq) ( N2H● + Goethite(s)

The results of theoretical calculations show that this reaction is expected to be an outer-sphere electron transfer due to the instability of FeN2H intermediates in water. Understanding this initial electron transfer and the subsequent disproportionation sequence are critical to understanding if abiotic N2 reduction is a feasible source of ammonia in the pre-biotic Earth.  The theoretical work also guides a complementary experimental effort. 
