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Report: 

We successfully measured molybdenum K-α detected XANES (aka. HERFD, high energy resolution 
fluorescence detection) spectra of the iron-molybdenum nitrogenase (N2ase) and nine different Mo model 
complexes in order to precisely determine the oxidation state assignment of the Mo atom in N2ase. Detailed 
pre-edge transitions usually obscured by traditional total fluorescence detection were also observed.  

Figure 1 (a) shows the result of the Mo K-α HERFD XANES spectrum of N2ase compared with preliminary 
FEFF9.0 simulations. Despite the rather simplistic model used to describe the atomic potentials, the features 
in the pre-edge and edge regions (around 20 keV) are reasonably reproduced. More detailed calculations 
using the ORCA package 1 are currently under way. Those calculations should provide a better description of 
the electronic transitions giving rise to the features in the pre-edge and edge region of the spectrum. 
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Figure 1 – Molybdenum K-edge XANES spectrum of the iron-molybdenum nitrogenase and the several model compounds. Data 
collected using HERFD overlaid with a FEFF9.0 calculation (a). Comparison between the TFY and HERFD data of N2ase (b). 
HERFD spectra of the measured model compounds of Mo with different oxidation states (c). 
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Fig. 1 (b) shows a comparison of the Mo K-edge XANES spectrum of N2ase collected using total 
fluorescence yield (TFY) and HERFD. Here, one can clearly observe the advantages of using HERFD. While 
the fine structure in the pre-edge and edge regions of the TFY spectrum are not well-resolved due to core 
hole lifetime broadening (~4.52 eV for the K-edge 2), the HERFD spectra show much greater detail. The 
better resolved HERFD spectra should greatly assist in theoretical correlations to determine the electronic 
structure and oxidation stte of the Mo site in nitrogenase.  

A total of nine Mo-based compounds were measured in order to serve as models for the Mo K-edge data of 
N2ase. The models vary in the formal oxidation state of the Mo (MoVI, MoV, MoIV and MoIII), the total 
charge attributed to the molecule and the environment around the molydbedum atom. These data will serve 
as a basis to callibrate a TDDFT protocol in order to extract quantitative information from the pre-edge 
features presented in the N2ase Mo K-edge data. Complementary multiple-scattering calculations using 
FEFF9.0 3 and FDMNES 4 are currently being carried out. 

In addition, we measured iron resonant XANES (K-β detection) of N2ase, as shown in figure 2 (b). These 
data correspond to ‘cuts’ at specific energies on a RIXS plane. However, as discussed by Glatzel et al. 5 these 
cuts can be very hard to interpret, mainly due to lifetime broadening effects interfering with the resonant 
states. In collboration with F. Neese’s group in the Max-Planck-Institut für Chemische Energiekonversion, 
we are currently developing theortical methodology to interpret these spectra. These data should aid in a 
more detailed assignment of both the geometric and electronic environment of the iron atoms in the FeMoco 
cofactor of N2ase. 
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Figure 2 – (a) Iron K-β XES spectrum of iron-molybdenum nitrogenase. (b) XANES K-β detected XANES spectra of the iron-
molybdenum N2ase collected at different emission energies. The colored bars in (a) indicate the energies at wich the XANES 
measurements were done. 
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