Resolving the "Coloring Problem" in Crystallography: The Synergistic Power of EXAFS and Resonant Diffraction
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ABSTRACT 
The accurate determination of cation distributions in complex inorganic materials—often termed the "coloring problem"[1]—remains a persistent challenge in crystallography, particularly when elements with similar atomic numbers (e.g., Fe/Ni, Cu/Fe, or Ge/Cu) or oxidation states coexist. Conventional X-ray or neutron diffraction struggles to distinguish such species due to their nearly identical scattering factors, leading to ambiguities in site occupancy and local structure. This talk demonstrates how combining Extended X-ray Absorption Fine Structure (EXAFS) and resonant diffraction (anomalous or multi-edge anomalous diffraction, MEAD) provides a robust, element-specific solution to this problem, enabling the resolution of cation ordering in technologically relevant materials.
Using three case studies as exemplars:
1. Stannoidite (Cu₈Fe₃Sn₂S₁₂): MEAD at Fe and Cu K-edges, coupled with EXAFS, revealed that Fe preferentially occupies the interstitial 2a, 2b, and 2c sites, resolving a long-standing ambiguity in its cation ordering. EXAFS confirmed Fe–Fe/Cu interactions, while DFT calculations validated the electronic structure and metal-metal bonding trends.
2. Germanite (Cu₂₂Fe₈Ge₄S₃₂): A combinatorial approach integrating resonant powder X-ray diffraction (at Cu/Ge edges) with EXAFS and single-crystal data uncovered a Ge-rich deviation from nominal stoichiometry. The interstitial 2a site was shown to be fully occupied by Fe, with Ge localized on 6d (or 6c) sites, and residual Fe on 12f sites[2].
3. Lacunar CsCl-related phase (Fe₁.₅Ni₁.₅Ga₄): Resonant scattering near the Fe K-edge disproved Fe/Ni ordering, confirming statistical distribution in the 4a Wyckoff site (Ia̅3d symmetry). DFT further elucidated the local environment and spin-glass behavior, with competing ferromagnetic/antiferromagnetic interactions arising from near-degenerate electronic states. 
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