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INTRODUCTION

Defects such as steps, kinks, and vacancies can have a sig-
nificant effect on the reactivity of surfaces. The environments
of atoms at defect sites are different than the environments of
atoms on a perfect surface. These differences can alter the lo-
cal charge distribution and create dipole moments that change
the local chemical behavior of the surface. Electrons can be
preferentially bound to point defects such as oxygen vacancies
in oxides to maintain charge neutrality at the surface. Sites such
as these can dictate adsorption and chemical behavior of het-
erogeneous surface reactions. Steps and kinks can also play an
important role in crystal growth and have a strong influence on
resulting crystal habits. Thus the type, density, and properties
of defects is important information for understanding the over-
all chemical response of a surface toward any particular reac-
tant.

The atomic and electronic structure of pyrite surfaces, and
their chemical reactivity toward oxidation, is currently an ac-
tive area of research. The importance of defects on these sur-
faces is becoming increasingly apparent. X-ray photoelectron

spectroscopy (XPS) studies have indicated the presence of a
variety of possible surface defects on cleaved pyrite (Buckley
and Woods 1987; Birkholz et al. 1991; Karthe et al. 1993;
Bronold et al. 1994a, 1994b; Nesbitt and Muir 1994; Nesbitt et
al. 1998; Schaufuss et al. 1998). In-vacuum prepared growth
surfaces are found to have a significant fraction of S deficien-
cies (Guevremont et al. 1997, 1998). Scanning tunneling mi-
croscopy (STM) studies have uniquely provided direct
observations of various surface defects at the atomic scale
(Eggleston and Hochella 1992a; Eggleston et al. 1996; Rosso
et al. 1999a), but the data are not yet comprehensive. Surface
defects created by cleavage are also poorly understood. There
is an obvious need for more work in this area and this is the
principal motivation behind the current study.

As a second motivation, we also investigate the stability of
defects on this surface, a largely unexplored area on pyrite sur-
faces. In general, the atomic structure at surfaces at room tem-
perature is in a constant state of dynamic change. Fluctuations
due to the thermal energy create vacancies by promoting a frac-
tion of relatively stable surface atoms to unstable adatoms (an
isolated atom on a terrace). The highly undercoordinated
adatoms perform a random walk across terraces until more
stable attachment sites are again found such as at step edges or
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ABSTRACT

Various defects on {100} cleavage surfaces of pyrite (FeS2) are observed directly using ultra high
vacuum scanning tunneling microscopy. Step edges are aligned along 〈10〉 and 〈11〉 surface direc-
tions. Atomic scale images indicate that the atomic structure, with respect to the Fe lattice, and local
density of occupied states is unchanged at a step edge, including kink and corner sites. The inferred
presence of monosulfides at step edges, based on X-ray photoelectron spectra on similar surfaces
elsewhere, does not lead to occupied states higher in energy than dz2 dangling bond states at Fe sites.

A sequence of consecutive images at the atomic scale captured evidence of dynamic structural
changes at defects on this surface at room temperature. Step edges appear generally stable over the
course of the STM observations, whereas vacancies, their surrounding sites, and corner step edge
sites are not. Theoretical maps of the attachment energy for an Fe adatom over a {100} surface cell
indicate the presence of low energy diffusion channels along the topology of the closest S atoms in
the uppermost atomic S monolayer. Calculation of the activation energy barriers for the self-diffu-
sion of an Fe adatom over a {100} terrace predict low 0.10 eV diffusion barriers along channels and
0.24 eV across channels. Subsequently, calculated Fe adatom mobilities over the time scale of the
STM observations are very high, ranging from 105–106 Å over the course of one minute, calculated
for room temperature and depending on the diffusion direction. The structural changes documented
in the STM images are attributed to the natural process of surface self-diffusion.
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