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Presentation of the subject: 
Certain highly toxic metals, such as Hg, Ag, and Cd, as well as emerging contaminants like Pt and Pd, have a strong affinity for the thiol (-SH) functional groups in organic matter (OM). Despite this, -SH groups are omitted from predictive models of metal fate and bioavailability. Indeed, -SH groups have long been considered scarce and unstable over time, unlike the carboxylic (-COOH) and phenolic (-PhOH) groups in OM. Recent studies have demonstrated the presence of thiol compounds in many natural environments at concentrations (nM–µM) high enough to control the speciation of toxic metals. Furthermore, although many thiol compounds are rapidly (hours/days) degraded in the presence of O2, certain thiol compounds persist in reduced form even under extreme purification conditions. Furthermore, -SH groups are continuously produced (i) under metal stress by living organisms and (ii) through thiolation of OM, which occurs in environments rich in OM and sulfides of natural or anthropogenic origin. This suggests a cryptic cycle of -SH groups. The thesis project therefore aims to better understand the mechanisms that control the speciation of the most toxic metals by evaluating how metal-SH interactions influence their fate.

However, major challenges must be addressed: (i) -SH concentrations in OM are difficult to determine in natural samples; they are underestimated because current analytical methods require samples to be returned to the laboratory, making it difficult to preserve -SH over time due to oxidation, (ii) the reference OMs currently used are depleted in -SH (due to purification protocols), which prevents a comprehensive study of metal-SH interactions, (iii) OM contain -COOH, -PhOH, and -SH groups that complex with metals, and it is difficult to distinguish these different complexation sites, whereas this is crucial for properly studying the speciation of metal mixtures and for a thorough investigation of the fine mechanisms involved. 

The thesis topic will be divided into three parts, designed to address these challenges. 

Part 1) Development of a field analytical method for determining thiol concentrations in natural samples. This analytical method is currently being tested in the laboratory. Preliminary tests conducted on laboratory samples have yielded conclusive results. Interferences in the method must be identified, and tests must be conducted on natural samples, particularly those rich in complex organic molecules and anions.

Part 2) Comparison of the developed method with previously established laboratory methods (UHPLC-MS, HPLC-MS, qBBr-fluorescence, XANES, etc. 1–3). Note that XANES analyses at the K-edge of sulfur have already been acquired on OM standard samples (IHSS) as well as natural OMs.). 

Part 3) Study of Cd complexation by organic matter. A OM standard (Leonardite), Leonardite synthetically enriched with thiols (simulating OM from wetland)4, as well as OMs extracted from thiol-rich environments (previously identified using the analytical method developed earlier) will be tested in the laboratory, under anoxic conditions, with Cd. Different concentrations and pH levels will be tested to fully characterize Cd-OM complexation. The identification of complexes formed between -SH and Cd (as well as Cd-O) will be carried out using two complementary methods: XAS (X-ray Absorption Spectroscopy) using synchrotron methods applicable at high Cd concentrations, which allows for the identification of Cd’s nearest neighbor (S versus O) via EXAFS analysis, and Cd isotopy (different isotopic fractionation on -SH versus -OH5) applicable at lower Cd concentrations, close to those found in the natural environment. A collaboration with Gildas Ratié (Univ. of Nantes) is planned for the Cd isotopy part. Finally, a predictive model of Cd speciation in the environment that accounts for metal-SH interactions will be developed based on experimental data, providing a database of Cd-MO complexation constants.
Financial support for the doctoral project:
· ANR project (Me-Thiol, C. Catrouillet) 374 k€; 
· Beamtime will be requested at the SOLEIL and ESRF synchrotrons. C. Catrouillet regularly secures beamtime (1 to 2 times per year). In addition, the BAG Geosciences provides regular analysis time for conventional metals, such as Cd.
Candidate Profile: 
· University degree or engineering school diploma in Geosciences, Geochemistry, or Environmental Science.
· A grade of “Good” or an outstanding academic record is a prerequisite for the candidate.

· Knowledge of geosciences and modeling software; strong knowledge of mineralogy or geochemistry is preferred.

· The candidate must be self-reliant and meticulous.

· Excellent spoken, written, and reading proficiency in English is essential.
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