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ABSTRACT 
Chevrel-phase Mo6S8 is a benchmark cathode for rechargeable Mg batteries because its open cluster framework can accommodate both monovalent and multivalent ions. In Mg-Li hybrid batteries, however, Li+ and Mg2+ compete for interstitial sites, and their individual contributions are difficult to separate using electrochemistry or diffraction alone. Li+ generally supports rapid insertion, whereas Mg2+ can experience desolvation barriers, site-specific trapping and sluggish transport. Here, electrochemical cycling is combined with Mo K-edge XANES and EXAFS and S K-edge XANES to compare charge-carrier-dependent insertion across selected states of charge. Mo K-edge XANES follows the Mo electronic state, while EXAFS resolves changes in local Mo-Mo and Mo-S coordination. The S K-edge probes unoccupied S 3p-Mo 4d hybridised states, providing a complementary fingerprint of sulfur-centred charge redistribution and Mo-S covalency. In situ X-ray diffraction tracks long-range phase and lattice evolution, while galvanostatic measurements, cyclic voltammetry and electrochemical impedance spectroscopy relate the spectroscopic response to kinetics, polarisation and reversibility. Initial electrochemical analysis indicates a faster and more reversible response for Li+ insertion, whereas Mg2+ insertion is more kinetically constrained. The multi-edge approach tests whether these differences arise from distinct local structural rearrangements or from charge redistribution within the Mo6S8 cluster. By correlating Mo- and S-specific electronic and coordination changes with in situ diffraction and impedance, this work resolves ion-storage pathways and transient local structures that are obscured in diffraction alone. It also informs reliable operando XAS strategies for battery materials, including cell geometry, time resolution and multi-edge measurement sequencing.
