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INTRODUCTION

Since the invention of scanning probe microscopy tech-
niques, it has become increasingly obvious that the reactivity
of mineral surfaces is often controlled by the reactivity of sur-
face steps. This can be the case, e.g., for growth and dissolu-
tion processes (Dove and Hochella 1993; Stipp et al. 1994;
Bosbach et al. 1995; Dove and Platt 1996; Jordan and
Rammensee 1996, 1998). For most growth mechanisms, such
as layer-by-layer growth and spiral growth, atoms and mol-
ecules from solution adsorb to the mineral surface at step edges
that bound growth islands and spirals (Pina et al. 1998). Reac-
tions at step edges become even more important when ions
from background electrolytes (Bosbach et al. 1996; Risthaus
et al. 2001) and growth inhibitors or organic molecules that
may be involved in biomineralization processes selectively
adsorb to specific crystallographically oriented steps and con-
trol crystal growth rates and morphologies (Bosbach and
Hochella 1996; Teng and Dove 1997). Reactions at steps are
particularly interesting if adsorption is coupled with redox pro-
cesses (Eggleston et al. 1996; Becker et al. 2001). Junta and
Hochella (1994) have shown that the initial Mn adsorption from
solution on hematite (001) surfaces predominantly takes place
on surface steps. Becker et al. (1996) have described the dif-
ferences between the electronic structure of flat terraces and
step edges on hematite (001) in detail. This helps to explain
why electron transfer from the Mn oxyhydroxide complex to
oxygen via the hematite surface is enhanced at the step and
thus, why the Mn oxidation from Mn 2+ in solution to Mn 3+ in
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ABSTRACT

Scanning tunneling microscopy (STM) images of the PbS (100) surface with a step and several
kinks were obtained with atomic resolution. These images show an increased tunneling current at
step edge sites and an apparent deformation of the lattice near the step. The experimental images are
compared with theoretical ab initio calculations for which we developed a hybrid method of constant
current and constant height mode STM image simulation. With these calculations, we find that the
apparent deformation is mainly an electronic effect rather than relaxation of atoms. In addition, with
the help of these calculations, we can identify the changes of individual terrace-like and step-like
orbitals that are observed using the STM in terms of the energy, density and shape of these states.
This detailed knowledge of the electronic behavior of the PbS surface near a step can be used as a
basis for explaining adsorption, acid/base, and redox behavior on PbS terraces and at steps, and the
differences between the two.

the adsorbed state is increased with respect to the adsorption at
a flat terrace.

With respect to the PbS (100) surface, there have been sev-
eral studies that indicate an increased tendency to react at step
edges relative to flat terraces. Theoretical calculations have
shown that although water preferentially physisorbs to flat PbS
terraces (a weakly bound but structurally intact state), sorption
to steps leads to rapid dissociation of the water molecules
(Wright et al. 1999a, 1999b; Bryce et al. 2000).

In terms of the reactivity of steps, it is interesting to note
that Vaitkus et al. (1998, 1999) found that the growth of galena
clusters on a semiconducting Si surface is dependent on the
surface morphology, especially, if the clusters grow on surface
steps of the substrate. Thus, for the interfacial growth of one
solid on another, the step reactivity of both substrates can play
an important role for the nucleation of growth.

An elegant experimental technique to observe dissolution
at atomic resolution is the Electrochemical STM (ECSTM,
Higgins and Hamers 1995, 1996a, 1996b). Dissolution experi-
ments on galena, pyrite and covellite using the ECSTM suggest
that the formation of a single vacancy or of an initial microscopic
etch pit and, thus, the formation of surface steps may be rate lim-
iting during dissolution under acidic conditions (Higgins and
Hamers 1996a). For galena, it was observed that in acidic condi-
tions, dissolution occurs by selective removal of step edge spe-
cies. Higgins and Hamers (1995) discussed crystallographic effects
in terms of atomic structures of the step edges, but in the current
study, evidence is found that electronic structure changes associ-
ated with different steps may be even more important.

Experimental and theoretical investigations of the electronic
structure of PbS surfaces were performed by Tossell and


