Redox speciation of contaminants at magnetite surface
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ABSTRACT
Magnetite (Fe₃O₄) is a mixed-valence iron oxide, with a Fe(II)/Fe(III) ratio (0 ≤ R ≤ 0.5) that critically controls its redox reactivity toward trace metals. While large magnetite particles are thought highly stable, their stoichiometry (R) are largely affected by pH and redox potential (Eh) at the nanoscale. For instance, XMCD at the L2,3-edge and wet chemistry showed that 10 nm magnetite nanoparticles are not only sensitive to oxidant like O2 or H2O2 but they release Fe(II) in solution at pH < 7.1 A thermodynamic model was developed to predict effective R and redox potential (Eh) as a function of initial R and pH. Hence, nanomagnetites are particularly interesting model colloids to investigate contaminants (e.g. Cr(III/VI), Cu(II/I/0) or U(IV/V/VI)) redox behavior by XAS under controlled pH and Eh conditions, in order to develop and calibrate predictive models of contaminants speciation in the environment.  
[bookmark: _GoBack]The Cr case is simple, as Cr(III) prevails at magnetite surface for 0.1 ≤ R ≤ 0.5, as shown by Cr L3-edge XAS at LUCIA beamline (SOLEIL), and as expected by modeling.2 Conversely, Cu and U redox state distribution did not match thermodynamic calculations in the aqueous solution. Indeed, L2,3-edge XAS results on DEIMOS beamline (SOLEIL), under moderately reducing conditions, Cu(II) prevailed at the magnetite surface while Cu(I) prevailed in solution. At lower Eh, Cu(II) was not reduced to Cu(0) but Cu(I) was stabilized at magnetite surface.3 Similarly, U L3-edge HERFD-XAS at BL39XU beamline (SPring-8) revealed that U(VI) was not reduced to U(IV), but U(V) was found stable on a large range of pH and R conditions.4 If Cu(II) enhanced stability field can be explained by the high affinity of Cu2+ for surface -OH groups, Cu+ and UO2+ very likely incorporate into magnetite, as they generally weakly bind to metal oxide surfaces under circumneutral pH conditions. 
These results demonstrate that contaminants interaction with magnetite surface play a key role on their oxidation state distribution. This opens new paths for the improvement of geochemical models that help predicting contaminants mobility, toxicity, and environmental fate.
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