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The effect of surface stoichiometry on the band gap of the pyrite
FeS2(100) surface1 YANNING ZHANG , JUN HU, MATT LAW, RUQIAN WU,
University of California, Irvine — Iron pyrite (FeS2) is experiencing a resurgence
of interest for use in solar photovoltaic and photoelectrochemical cells. The main
hurdle to the use of pyrite is the low open-circuit voltage of pyrite devices, which may
result from gap states created by surface and bulk defects. Recently, systematic spin-
polarized DFT calculations were performed for a series of pyrite FeS2(100) surfaces
to clarify the effect of surface stoichiometry on stability, electronic structure, and
band gap. It was found that while stoichiometric and S-poor FeS2(100) surfaces
are semiconductors with band gaps of 0.56-0.72 eV, S-rich surfaces are small-gap
semiconductors (Eg < 0.3 eV) or metals. The stoichiometric FeS2(100) surface is
spin polarized in the topmost layer (2 µB per Fe) and displays a band of Fe dz2 gap
states centered 0.2 eV above the valence band edge. Our calculations suggest that
the low open-circuit voltage of pyrite solar cells may result from a narrowed surface
band gap. S-poor surfaces may provide larger photovoltages than S-rich surfaces.
The segregation process of sulfur vacancy under different surface conditions are also
being studied, so as to provide useful guidelines for the design and fabrication of
better pyrite photovoltaic materials and devices.

1We thank the NSF SOLAR Program (Award CHE-1035218) and the UCI School
of Physical Sciences Center for Solar Energy for support of this work. Calculations
were performed on parallel computers at NERSC and at NSF supercomputer centers.
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