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Report: 
 
The iron-moleybdenum cofactor of nitrogenase utilizes an unusual MoFe7S9C cluster to 
enable the conversion of atmospheric dinitrogen to bioavailable ammonia. In 2011, we 
utilized valence-to-core (VtC) X-ray emission spectroscopy (XES) to reveal to presence of a 
central carbon in this cluster.1 More recently, under ESRF proposals CH3556 and CH3756, 
we have developed the information content of Mo high-energy resolution fluorescnce 
detected XAS (HERFD XAS)2 and applied this to provide the first experimental evidence for 
an unusual spin-coupled Mo(III) in the FeMo cofactor.3 This represents the first example of 
Mo(III) in biology and has interesting parallel with the known catalysts for homogeneous N2 
reduction at Mo.  
 
In the present proposal, we shought to determine the total charge on FeMoco and a related 
small molecule MoFe3 cubane cluster, which had also been used as a reference in our Mo 
HERFD studies. During this beam time, we obtained RIXS planes on both the MoFe3 cubane 
and the MoFe protein. These plots are shown below. 
 



 

    
 
Figure 1. RIXS planes of MoFe3 cubane and MoFe protein of nitrogenase.  
 
These data indicate a larger component of reduced iron in the protein than in the model. This 
can in part be attributed to the presence of the P-Clusters within the MoFe protein, which is 
an all ferrous cluster. Ideally, we would like to obtain data on the isolated FeMoco in order to 
isolate the signal of this cluster. Unfortunately, our collaborators have not been able to 
produce large enough quantities of isolated cofactor needed for the RIXS experiments. We 
hope that this will be possible in an upcoming beam time scycle. 
 
To further complement our RIXS data on the MoFe3 cubane and the MoFe protein, we also 
obtained Fe HERFD data on a series of FeS model complexes of known oxidation state. A 
representative example of these data are shown in Figure 2 below. These data again suggest 
that MoFe protein is composed largely ferrous iron. Analysis of these data and the correlation 
to calculations are currently underway. 
 

 
 
Figure 2. Fe HERFD XAS data for a series of Fe dimers compared to MoFe protein.  
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