Probing the Speciation of Transition Metals (Mo, W) in Hydrothermal Fluids by In-Situ XAS
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ABSTRACT 
Hydrothermal fluids are among the most challenging samples for X-ray absorption spectroscopy (XAS). They are characterized by high temperatures and pressures, as well as ongoing dissolution–precipitation processes. Additionally, the concentrations of dissolved metals may be very low, further complicating XAS measurements. The hydrothermal autoclave developed at the FAME beamline (BM30) combines a vitreous-carbon reaction cell with movable pistons positioned inside a furnace, all enclosed within a helium-pressure vessel equipped with water-cooled beryllium windows, enabling in-situ XANES and EXAFS measurements of hydrothermal fluids in both transmission and fluorescence modes [1]. Successive improvements in beamline optics, reactor design, fluorescence detection, and data acquisition have progressively expanded the accessible experimental conditions and lowered practical detection limits from the ppm range to a few tens of ppb for selected elements such as Mo [2]. The expertise developed at BM30 also contributed to the design of similar hydrothermal XAS instrumentation at the P65 beamline of PETRA III (DESY), demonstrating the broad impact of the ESRF hydrothermal research on the international synchrotron community [3].

In this contribution, the evolution of this methodology will be illustrated by Mo and W case studies. In molybdenum-bearing sulfur-rich fluids (300 °C, 50 MPa), in situ XAS resolved the first coordination shell of dissolved molybdenum species and provided direct structural evidence for tetrahedral thiomolybdate (MoS42⁻), together with a previously unknown mixed-ligand complex, MoS3(S3)⁻, with three sulfide ions and one trisulfur radical ion [2]. In tungsten-bearing sulfur-free fluids, in-situ XAS distinguished tetrahedral tungstate species in alkaline fluids (WO42⁻) from octahedral complexes in acidic fluids ([H3WO4+]·2H2O) and provided insights into the stability of polymeric tungsten species at temperatures to 400 °C and pressures to 60 MPa [4]. These studies demonstrate how advances in synchrotron instrumentation and autoclave design have enabled the direct structural characterization of increasingly dilute aqueous complexes under realistic hydrothermal conditions.
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