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INTRODUCTION

The monosulfides of Mn, Mg, Fe, and Ca with the rocksalt
(B1) structure occur as alabandite (MnS), niningerite [(Mg, Fe,
Mn)S], and oldhamite (CaS) in EH enstatite chondrite meteor-
ites, where they appear to result from metamorphism under
very reduced conditions (e.g., Fleet and MacRae 1987). Troi-
lite, FeS with a derivative NiAs-type (B8) structure, is a nearly
ubiquitous phase in most meteorites (Goodrich and Delaney
2000) and is the iron sulfide of lunar rocks (Frondel 1975).
Alabandite also occurs in low-temperature vein deposits in the
Earth’s crust, and troilite occurs sporadically in magmatic sul-
fide assemblages of mafic/ultramafic rocks. The scientific and
technological significance of the metal monosulfides has stimu-
lated much interest due to the large diversity of physical prop-
erties related to their energy band structure. In particular,

alkaline-earth chalcogenides (AECs) have applications in op-
tical and electroptical devices and are used as phosphors. More
generally, the electronic structure and bonding of metal sul-
fides, in both the bulk and near surface, has important implica-
tions for mineral deposits and surficial geochemistry. Their
electrical and magnetic properties are strongly influenced by
covalence of the metal-S bond, which results in hybridization
of compatible S 3p and metal 3d bonding states and direct or
indirect metal-metal bonding interactions in favorable cases.
The electronic structure of the valence band (VB) of many
monosulfides is well understood based on band structure and
molecular orbital (MO) calculations, and on chemical spectro-
scopic techniques [e.g., optical spectroscopy, X-ray photoelec-
tron spectroscopy (XPS), and X-ray emission spectroscopy
(XES)]. In contrast, the electronic structure of the conduction
band (CB) has received much less attention due to limitations
of theoretical calculations and experimental approaches.

Synchrotron radiation (SR) X-ray absorption spectroscopy
(XAS) is now a familiar tool for investigation of local struc-* E-mail: Shannon.Farrell@drdc-rddc.gc.ca
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ABSTRACT

Synchrotron radiation S K- and L-edge X-ray absorption near-edge structure (XANES) spectra
are reported for the cubic, rocksalt (B1) structure sulfides niningerite (MgS), alabandite (MnS), and
oldhamite (CaS), and for their solid solutions (Mn,Fe)S and (Mg,Mn)S, and S L-edge XANES spec-
tra are reported also for (Mg,Fe)S solid solutions. Pre-edge features at the S K-edge are attributed to
transition of S 1s electrons to the lowest available unoccupied S 3p s* antibonding states hybridized
with metal 3d(eg) states, and at the S L-edge to transition of S 2p electrons to unoccupied S 3s s*, 4s
s*, and 3d antibonding states hybridized with metal 3d(eg) states, and to a lesser extent 3d(t2g) states.

The S K-edge XANES spectra for the solid solutions show a progressive participation of 3d
orbitals in metal-S bonding with increase in substitution by Fe in (Mn,Fe)S and (Mg,Fe)S and Mn in
(Mg,Mn)S through progressive increase in the area of the pre-edge feature. However, the pre-peak
area does not increase linearly in each solid solution series showing that a real change in bulk elec-
tronic properties has occurred. Increase in pre-peak area reflects an increase in overall attainability
of metal 3d states for hybridization with S 3p s* antibonding states as proportionally more metal 3d
orbitals become available. The S L-edge XANES spectra show progressive evolution of pre-edge
features at the L3- and L2-edges (a1 and a2, respectively). Only a2 is present in the S L-edge XANES
spectrum of FeS (troilite), and with progressive decrease in Fe content in (Mn,Fe)S and (Mg,Fe)S
solid solutions, a1 first appears, then becomes dominant. Since a1 is attributed to transition of S 2p3/2

electrons to S 3s s* states hybridized with metal 3d(eg) and 3d(t2g) states, this appears to represent an
increased contribution from metal-S p-bonding. The results show that the size and position of the
pre-edge features to the S K- and L-edges are controlled more by the DOS of hybridized 3d(eg

b) and
3d(t2g

b) states and nearest-neighbor coordination of the metal atoms than by the precise coordination
of S and the extended structure of the sulfide.

The full multiple scattering approach has been applied to the calculation of the S K-edge XANES
spectra of MgS, MnS, and CaS. Results are consistent with experimental XANES spectra, especially
for the pre-edge features, which are often neglected in such calculations.


