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ABSTRACT
Photoelectron spectroscopy was used to investigate the surface structure and reactivity of two
pyrite {100} surfaces, prepared by different means. Specifically, synchrotron-based S 2p photoemission data for a {100} pyrite growth surface prepared by exposure to HCl, and one resulting
from mechanical fracture suggested that the acid-washed growth surface showed a higher concentration of elemental sulfur and/or polysulfide impurities. The surfaces, however, showed a similar
initial oxidation reactivity under a well-controlled H2O/O2 gaseous environment, implying that the
fraction of both surfaces that underwent the initial oxidation reaction were similar in structure. The
amount of initial oxidation on these surfaces, however, was significantly lower than on an acidwashed {111} growth surface. Photoelectron and ion scattering spectroscopy offer some possible
reasons for this structure sensitivity.

INTRODUCTION
Pyrite (FeS2) has attracted considerable research effort aimed
at shedding light on its fundamental surface properties and reactivity. The reason is primarily the importance of the mineral
to the environment (Banks et al. 1997). Specifically, pyrite is a
mineral commonly found as an impurity in coal, mined by industries worldwide. Exposure of the pyrite to oxidizing conditions during mining leads to degradation of the metal sulfide
and eventually the formation of sulfuric acid waste waters. The
ramifications of this ecological phenomenon are immense (Pain
et al. 1998). It has been argued that a microscopic understanding of the surface reactivity of pyrite, gained with modern surface science techniques, will ultimately lead to new abatement
strategies.
One of the important outcomes of prior surface science research has been an appreciation of a strong dependence between the short and long range order of the pyrite surface, and
its reactivity toward oxidation. With regard to short range order, prior research has suggested that structural imperfections
in a given pyrite crystallographic plane serve as highly reactive sites during the oxidation process (Schaufuss et al. 1998a;
Guevremont et al. 1998a). Also, the oxidation rate of pyrite
shows a strong dependence on the macroscopic crystallographic
plane. For example, the initial oxidation rate of a {111} surface of pyrite is more rapid than a {100} surface (Guevremont
et al. 1998b). These results strongly emphasize the need to develop a solid framework for the understanding of the relationship between pyrite structure and oxidation behavior.
The primary motivation here is that different pyrite preparation procedures are commonly used by laboratories when study*E-mail: dstrongi@nimbus.ocis.temple.edu
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ing the mineral with surface sensitive techniques. For example,
the recent research of Schaufuss et al. (1998a) and Guevremont
et al. (1998a) addressed the microscopic controls on the initial
oxidation reactivity of {100} pyrite samples that were prepared
by mechanical cleavage and acid-washing of the natural growth
face, respectively. It is important to assess the differences and
similarities in the structure and reactivity of the pyrite surface
resulting from each preparation method under similar experimental conditions. A comparison will determine the extent to
which results and conclusions presented in such types of studies, which have used different pyrite preparation methods, can
be used together to develop a microscopic understanding of pyrite reactivity. Toward this end, synchrotron-based photoemission data and initial oxidation reactivity data were used to
compare the structure and reactivity of {100} planes prepared
by mechanical cleavage and acid-washing of the natural growth
surface. The initial oxidation reactivity of these surfaces was
also compared to the acid-washed {111} growth surface. A possible reason for differences in reactivity between the {100} and
{111} surfaces is presented in view of XPS and ion scattering
spectroscopy (ISS) data.

EXPERIMENTAL METHODS
Experimental data presented in this contribution were obtained in separate experimental facilities. The first facility based
at Temple University was a combined ultra-high vacuum/high
pressure reaction cell. The apparatus is explained in detail elsewhere (Guevremont et al. 1998a) and allowed the mineral
samples to be transferred between UHV (10–9 torr) and environmentally relevant pressures (1 bar). The second experimental apparatus was based at the National Synchrotron Light
Source at Brookhaven National Laboratory and was the UHV
end-station on the U7a beamline. The end-station was evacu-

