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ABSTRACT
XPS broad scans and high-resolution narrow-region spectra were collected from fresh realgar
(As4S4) surfaces to measure core level S and As binding energies. Reasonably accurate As and S
concentrations were determined from XPS broad scans using peak areas and manufacturer supplied
sensitivity factors. High resolution S(2p) and As(3d) narrow region spectra were comprised of photoelectron emissions indicative of As and S in intermediate oxidation states akin to binding energies
of As and S polymeric species. S(2p) spectra were interpreted using only S contributions expected
from the bulk mineral matrix and showed that S was not greatly affected by surface state phenomena. This was attributed to breakage of intermolecular van der Waals bonds rather than covalent
interatomic bonds. As(3d) spectra were found to contain two contributions one from As atoms in
As4S4 molecules in the bulk mineral matrix and another possibly from As atoms in molecules situated at the surface.

INTRODUCTION
Realgar (As4S4) is an arsenic sulfide mineral which is found
primarily in low-temperature hydrothermal vein deposits, as a
volcanic sublimate and in hot spring deposits. The mineral is
of interest because it is a source of As in many gold deposits
and little is known about the chemistry of its surface. Recent
X-ray photoelectron spectroscopy (XPS) investigations detailing the weathering of arsenopyrite surfaces have raised suspicion that an arsenic sulfide species may be one of the reaction
products (Nesbitt et al. 1995; Nesbitt and Muir 1998). XPS
information on arsenic sulfide phases is confined to tabular
presentations (Bahl et al. 1976; Moulder et al. 1992) and these
report only the binding energies for As. The aims of this study
are acquire a greater understanding of the chemical characteristics of clean unreacted realgar surfaces and to supplement
current arsenic sulfide XPS reference data with spectra and S
binding energies.

EXPERIMENTAL METHODS
High quality, euhedral crystals of realgar (As4S4) from the
Getchel Mine, Nevada were purchased from the Mineralogical
Supply Co. Polished thin sections were prepared and the realgar was characterized using optical microscopy, electron probe
microanalysis (EPMA) and the Gandolfi X-ray camera.
XPS studies were conducted on samples cut into wafers with
the dimensions near 0.25 cm × 1 cm × 1 cm. Wafers showing
macroscopic or microscopic fractures or inclusions were discarded. “Fresh” realgar surfaces were prepared for XPS analysis by fixing a wafer in a clip and scraping a surface parallel to
(001) with a razor blade under a steady flow of N2 gas. This
was followed by immediate insertion of the scraped wafer into
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the XPS instrument. Realgar surfaces prepared in this manner
appeared visually smooth and planar.
A modified Surface Science Laboratories SSX-100 XPS
instrument with a monochromatized AlKα X-ray source and
an analytical chamber with a base pressure of near 2 × 10–9
Torr was used to collect all photoelectron spectra. The spectrometer work function was adjusted to 83.98 eV for the Au(4f7/
2) photoelectron line and energy dispersion was set to yield an
energy difference of 857.5 eV between the Cu(2p3/2) and
Cu(3p) photoelectron lines. Survey scans and narrow region
scans were collected using 160 eV and 25 eV pass energies,
respectively. The samples were insulating and over the period
of analysis a build up of positive surface charge occurred. Surface charge was compensated for by directing a diffuse beam
of low energy electrons at the realgar surface during analysis.
Optimum settings for the electron beam were determined empirically and were based on the shape and width of the As(3d)
and S(2p) photoelectron lines. S(2p) spectra were fit using a
spin-orbit separation of 1.18 eV and a 3/2:1/2 peak ratio of 2:1.
The As(3d) spectra were fit using a spin-orbit separation of
0.70 eV and a 5/2:3/2 peak ratio of 3:2. All spectra were fit
using a Shirley background and peaks with a 65% Gaussian to
35% Lorentzian shape.
All of the realgar samples examined show 1s photoelectron
contributions from C. Electron microprobe analyses of the realgar detected no C and the weak C(1s) signal is attributed to
adventitious hydrocarbon. We used the 1s binding energy of
adventitious C at 285.0 eV (Swift 1982) as the reference energy for charge correction of photoelectron line positions. This
simple charge correction method is remarkably precise, and is
based on the assumption that adventitious C on each sample of
realgar examined is the same. The absolute energy position of
this adventitious photoelectron line however is uncertain (Swift
1982; Hochella and Brown 1988, Stipp and Hochella 1991)

