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Simulation of the structure and stability of sphalerite (ZnS) surfaces
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ABSTRACT
Atomistic simulation techniques were used to investigate the surface energies and stabilities of the sphalerite form of ZnS. The results show that for pure ZnS the lowest energy
surfaces are type I and all of the form {110} with a calculated surface energy of 0.65
J/m2. In addition, we illustrate how type III surfaces, such as {111}, can be stabilized with
respect to {110} by the introduction of point defects to the surface layer. Such defects
lead to changes in stoichiometry and to the valence state of surface species. In general,
the results suggest that for Zn-poor surface stoichiometries, the (111) surface becomes the
most stable, whereas for Zn-rich compositions the (111) is stabilized to the greatest extent.

INTRODUCTION
Sphalerite or zincblende, the cubic form of ZnS, has
been widely studied because of numerous technological
applications and economic importance. Sphalerite is
found in nature in hydrothermal and sedimentary exhalative ore deposits where it normally contains significant
amounts of other metals substituting for Zn, including Cd,
Co, Ni, In, Ga, Ge, and most commonly Fe. It is of economic importance because it is the major source of Zn,
Cd, In, Ga, and Ge. Industrially, sphalerite and its hexagonal polytype wurtzite, are used in water purification
systems, luminescent displays, and solar cells. Nickel
(1965) gives a useful review of the physical properties of
ZnS.
Use of sphalerite and its structural analogues as semiconductors prompted several studies on the surface structure of these materials. In particular, the {110} perfect
cleavage surface attracted considerable attention. Studies
using X-ray photoelectron spectroscopy (XPS), low energy electron diffraction (LEED), and theoretical methods
have shown that the ZnS {110} surface undergoes considerable relaxation and reconstruction from the bulk termination (see Duke 1988 for a review), with movement
of the Zn atoms down into the surface structure. Furthermore, this phenomenon is observed in other semiconductor compounds with the sphalerite structure (e.g., GaAs,
ZnSe, CdTe). The above observations led to the concept
of a universal {110} surface structure for sphalerite structure semiconductors (Duke 1988). Duke and Wang
(1988), by using tight-binding models, were able to extend this work to wurtzite structure (1010) and (1120)
cleavage surfaces that show a similar reconstruction.
The {110} surfaces, however, are not always observed
in the external crystal morphology. It is more common to
see external surfaces based on tetrahedra [i.e., {111}
type] or combinations of tetrahedra and dodecahedra.
Growth of synthetic sphalerite by chemical transport
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(e.g., Matsumoto and Shimaoka 1986) leads to the formation of {111} as the dominant surface. The surface
energy is likely to be an important factor in controlling
morphology during growth, especially in the early stages
when crystal size is small and the surface-to-bulk ratio is
large. Yoshiyama et al. (1988) used a phenomenological
approach to determine the effects of surface energy on
the thin-film orientation of ZnS, CaS, and SrS. Their calculations indicate that for ZnS thin films, the (111) plane
has the lowest surface energy. First principles calculations
have been used to study (100) surface reconstructions in
ZnSe as a function of Zn activity (Garcia and Northrup
1994), and suggest that surface energies, hence their relative stability, depend on the chemical potential of Zn.
This paper uses atomistic simulation techniques to
model surfaces of the sphalerite phase of ZnS. These
techniques, based on the Born model of solids, have been
previously employed to study the surface structures and
reactivity of a range of oxide materials (e.g., Colbourne
1992; Davies et al. 1994) and carbonates (Parker et al.
1993). In this study, we first calculate the geometry and
surface energy of the {001}, {110}, and {111} surfaces
in sphalerite, taking all the different surface terminations
into account, and then consider the effects of non-stoichiometry on surface stability.

METHODOLOGY
The computer code METADISE (Watson et al. 1996)
was used to perform simulations on the surfaces of ZnS.
The approach treats the crystal as planes of atoms that
are periodic in two dimensions. Surfaces are modeled by
considering a single block, whereas two blocks together
simulates the bulk or more complex interfaces as shown
in Figure 1. The simulation is facilitated by dividing the
cell into two regions, a near-surface region, Region 1,
composed of those atoms adjacent to the surface or interface, and an outer region, Region 2 (see Fig. 1). The
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