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Introduction:  Iron-sulfur (Fe-S) mineral surfaces 
have been suggested to be involved in activation of 
small, inert molecules to form chemical precursors for 
the building blocks of life [1]. The understanding of 
the structure of the Fe-S mineral surfaces is essential to 
be able to evaluate the likeliness of these reactions. In 
this study, samples prepared by beam-surface scatter-
ing experiments using a molecular beam of H/D atoms 
in Ar carrier gas were investigated by multi-edge X-
ray absorption spectroscopic (XAS) techniques. These 
synchrotron radiation-based measurements allows us 
to evaluate the geometric structure, oxidation and spin 
states, and ionic and covalent character of the of the 
surface formation and reaction products.  

Experiment:  Beam-scattering experiments [2] 
were preformed on a series of 10 mm2 polished [100] 
pyrite surfaces using a molecular beam of deuterium 
atoms in Ar carrier gas (D/Ar). The temperature and 
exposure time were systematically varied. X-ray ab-
sorption measurements [3] were preformed at the Stan-
ford Synchrotron Radiation Lightsource, beamlines 7-
3 for Fe K-edge using three detection methods. Meas-
urements in electron-yield, fluorescence, and transmis-
sion modes provide information about different probe 
depths of bulk, 20-50 Å, 100-500 Å and 1000-5000 Å, 
respectively. Using the X-ray absorption near-edge 
structure (XANES) and extend X-ray absorption struc-
ture (EXAFS) at the Fe K-edge, we report the elec-
tronic and geometric characteristics of the pyrite sur-
face, respectively, as a function of depths from the 
surface. 

Results: The beam-surface scattering experiments 
unambiguously showed the formation D2S upon colli-
sion of deuterium atoms with the pyrite surface, which 
gradually decreased over time indicating the near com-
plete conversion of the accessible surface sulfur atoms 

(Figure 1). Examining the surface with electron yield 
detection of the 4 hour exposed pyrite surface at 
200ºC, the EXAFS (Figure 2) showed the formation of 
same surface as observed with metallic Fe powder. 
This has been only observed for the samples exposed 
to temperatures that are more characteristic for hydro-
thermal conditions. Examining the layer just below the 
surface using fluorescence detection, the Fe K-edge 
(Figure 3) indicates the formation of a reduced Fe-S 
surface which we tentatively assign as  by FeI

2S 
stoichiometry.  
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Figure 2: Fe EXAFS scattering intensity as a function of energy 
momentum (k) space of Fe powder and pyrite exposed to D/Ar beam 
for 4 hours at 200ºC 

Conclusions: The combined beam-surface and X-
ray spectroscopic measurements indicate the likeliness 
of the formation of a layered reduced Fe-surface on 
Fe-S minerals or particles. Metallic Fe0 and FeI oxida-
tion states have been assigned to catalytically active 
state for industrial nitrogen fixation and biological 
hydrogen activation processes, respectively. Reactivity 
studies of these reduced surfaces are underway in our 
and collaborators laboratories affiliated with ABRC. 
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Figure 3: Fe K-edge XANES spectra fluoresence detection of pyrite 
samples showing a more reduced (green) Fe surface than those with 
shorter exposure (red) or the  control (blue) pyrite sample 
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Figure 1: D2S intensity versus exposure time at final angle θf = 45º 
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