Cation Ordering in Synthetic Stannoidite (Cu₈Fe₃Sn₂S₁₂) Revealed by Multiple-Edge Anomalous Diffraction 
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ABSTRACT  
Understanding cation ordering in complex copper-based sulfides is crucial for optimizing their thermoelectric performance. We report a comprehensive study of the cationic distribution in synthetic stannoidite, Cu₈Fe₃Sn₂S₁₂, by combining X-ray powder diffraction, X-ray absorption spectroscopy (EXAFS), and Multiple-Edge Anomalous Diffraction1 (MEAD) at the Cu and Fe K-edges, performed at the DIFFABS and SAMBA beamline of Synchrotron SOLEIL.
The close scattering factors of Cu⁺ and Fe²⁺ make their discrimination by conventional diffraction difficult and traditional anomalous diffraction show show some difficulties as low energy diffraction scale, absorbtion correction, and fluorescence contribution coulde strongly correlate with structural refinement. MEAD overcomes this limitation by exploiting the energy dependence of selected Bragg reflections across absorption edges, enabling direct insight into site occupancies. Complementary EXAFS analysis confirms interatomic Fe–Fe/Cu interactions characteristic of Fe occupation at interstitial positions.
The combined dataset consistently supports a single cationic configuration, contrasting with earlier structural models.2 This configuration provides improved agreement with both experimental Bragg intensity evolution and local structural parameters, as further validated by DFT modeling.
This work demonstrates the effectiveness of MEAD in resolving subtle cation-ordering phenomena in complex sulfides, underscoring its value for the rational design of next-generation thermoelectric materials.
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