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Abstract
There are many challenges associated with collecting, processing, and interpreting high-energy
XAS data. The most significant of these are broad spectra, minimal separation of edge positions, and
high background owing to the Compton tail. Studies of the Sb system are a particular challenge owing to its complex bonding character and formation of mixed oxidation-state minerals. Furthermore,
in environmental samples such as stream sediment containing mine waste, different Sb phases may
coexist. Ways to overcome these challenges and achieve accurate and useful information are presented.
Our investigations used Sb K-edge X-ray absorption near-edge spectroscopy (XANES) to elucidate
Sb geochemical behavior. Several Sb mineral spectra are presented, including Sb sulfosalts, and
contrasted based on the different hosting and coordination environments around the Sb atom in the
crystal structure. These comparisons lead to the recognition of how the different hosting and coordination environments are manifested in the shape of the Sb mineral spectra. In fact from the shape of
the spectra, the occupation of the Sb atom in a single or in multiple crystallographic sites, regardless
of whether multiple phases are present in the sample, is discernible. Furthermore, we demonstrate
that quantitative information can be derived from the XANES region using linear combination fitting
of the derivative spectra, rather than the energy spectra. Particularly useful to the advancement of
Sb research is the demonstration that a significant amount of information can be gained from the Sb
K-edge XANES region.
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Introduction
Synchrotron-based X-ray absorption near-edge structure
(XANES) analysis provides a powerful and unique method
of characterizing the oxidation state, chemical form, and local
coordination environment of an element associated with various
minerals and phases. XANES is an especially valuable tool when
the sample volume is small, the sample is fine grained, and the
element is present in low concentrations or is sensitive to redox
changes during sample preparation. The oxidation state of an
element can be determined by measuring shifts in the absorption edge to higher energies as the valence charge increases
(owing to an increase in the effective nuclear charge). The local
coordination environment of elements as sorbed phases, or in
minerals, liquids, and biological samples can be determined
by comparing spectral features of model compounds with
well-defined structures, to the spectra of unknown compounds.
Furthermore, using principal component analysis (PCA) and
linear combination fitting (LCF), quantitative information can
be obtained from XANES spectra (Ressler et al. 2000; Pickering
et al. 1995; Foster et al. 1998). With advances in the application of synchrotron science to mineralogy and sorbed phases,
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there have been great gains in the research on many elements,
most notably in complex natural materials. The oxidation state,
local coordination environment, and relative proportions of As
phases have been studied in mine tailings (Foster et al. 1998),
in pyrite and secondary weathering phases (Savage et al. 2000),
in contaminated reservoir sediment (Kneebone et al. 2002), in
soil (Cances et al. 2008), and in processed ore (Walker et al.
2005). X-ray absorption spectroscopy (XAS) has been applied
to Pb in mine tailings (Morin et al. 1999), mine-impacted sediment (O’Day et al. 1998), and soils (Morin et al. 1999). Further
examples of elements probed using XAS in complex matrices
include: Se (Pickering et al. 1995); Zn (O’Day et al. 1998); Mn
(Ressler et al. 2000; Manceau et al. 1992); Fe (Patterson et al.
1997; Savage et al. 2000; Manceau et al. 1992; Waychunas 1987);
Ti (Waychunas 1987); Cr (Patterson et al. 1997); and Ni and Co
(Manceau et al. 1992).
However, synchrotron research into elements requiring highenergy experimental configurations (those with higher atomic
numbers) has been limited due to the broad nature of high-energy
adsorption spectra. Spectral broadening occurs at higher energies
due to a short core-hole lifetime effect (D’Acapito et al. 2002),
which results in poor resolution and reduced separation of the
edge positions of elements in different mineral phases. Nevertheless, many researchers have obtained valuable results from
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