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Abstract

Iron pyrite has a promise to be a solar absorption material owing to its remarkably high optical absorption, optimal
band gap, abundance and non-toxicity. Yet, its solar power conversion efficiency in practice is limited to only
about 3 % despite numerous effort to improve it. The underlying reasons for this poor performance are still
unclear although, researchers loosely attribute this to impurities and defects. No real experimental evidence to
pin point the root causes has been forthcoming. The work reported here explores the problem systematically, in
an attempt to pin point root causes.

High purity FeS2 nanocubes synthesized by a hot injection method were used to produce thin films on glass.
They were p-type films. The films were investigated for their structure and properties. They revealed high carrier
concentrations, low mobility and a degenerate semiconducting behaviour. Their charge transport behaviour
could be described by Mott Variable Range Hopping mechanism over a wide temperature range. These
characteristics are manifestations of high intrinsic defect population and crystal disorder despite having achieved
single phase pyrite with stoichiometric Fe:S atomic ratio. Ultra-fast transient absorption spectroscopy clearly
showed the existence of energy states within the forbidden band gap. It will be concluded that the poor
photovoltage generated by pyrite solar devices is due to these intrinsic defects in the material rather than to
impurities or secondary phases.
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