HERFD-XAS Reveals Trace Metal Incorporation Mechanisms In Environmental Iron Sulfides
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ABSTRACT
High-Energy Resolution Fluorescence Detected X-ray absorption spectroscopy (HERFD-XAS) has recently emerged as a significant tool for examining local atomic structure and redox state of trace elements in complex environmental matrices. It filters emitted fluorescence through a narrow energy bandwidth, producing high-resolution spectra free of parasitic emissions from other elements in the material [1,2]. A notable example is the challenge of acquiring conventional XAS data on cobalt traces in iron-rich samples due to overlapping Co Kα lines and Fe Kβ emission lines [3], which a HERFD setup effectively addresses. High-resolution XANES spectra provide direct information on redox and coordination states with sensitivity unattainable by conventional fluorescence detection. Compared with model compounds and ab initio calculations, pre-edge HERFD spectra distinguish tetrahedral from octahedral coordination in complex materials. Modern XAS beamlines such as FAME-UHD now enable simultaneous EXAFS data collection using the same HERFD setup. Complemented by ab initio EXAFS calculations on DFT models, EXAFS spectroscopy provides valuable supplementary information on local structures that cannot always be resolved from XANES data. Here, we will present recent examples of HERFD spectroscopy applied to environmentally relevant samples, with important implications for our understanding of the fate of trace metals in modern and ancient sulfide-rich media. In particular, authigenic pyrite (FeS2) has been intensively studied because it can record the chemical signature of its precipitating medium, making it a valuable geochemical archive for interpreting past environments [4]. It also acts as an efficient sink for toxic and/or strategic metals in subsurface environments [5,6]. HERFD-XAS data at the Co and Cu K-edge reveal new pyrite precursor and formation pathways, thereby impacting our understanding of pyrite formation, trace elements at low temperatures, biogeochemical cycling, metal-sulfide evolution in sediments, and geochemical archives [7].
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