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ABSTRACT
Since the 1990s, X-ray absorption spectroscopy (XAS) has been used as a chemical probe to characterize electrode materials, initially in ex situ experiments to determine the local structure and oxidation state of the involved cation1. These early studies, however, faced limitations due to electrode removal from electrochemical cells (such as artefacts from washing, short-circuiting during disassembly, undesired air exposure, or potential state-of-charge variations)2-4. 
To address these challenges, in situ approaches were developed, allowing measurements under more controlled conditions2-5. Yet another two decades passed before operando measurements became feasible, driven by advances in synchrotron technology6. The advent of 3rd- and 4th-generation synchrotrons, with their higher photon fluxes, enabled faster detection modes and improved signal-to-noise ratios. While these upgrades facilitated operando studies, they also introduced new issues: increased photon flux and brilliance could induce transient or permanent beam effects on the electrodes7-9. Despite significant improvements in electrochemical cell design leading to more reliable and reproducible performance, certain limitations persis10. To overcome these obstacles and enable robust operando characterization of electrode materials, full-field hyperspectral imaging in the Quick-XAS mode emerges as a promising approach11. By combining a temporal resolution of a few hundred milliseconds with a spatial resolution of a few micrometres on the ROCK beamline, this technique provides unprecedented insights into the dynamic evolution of electrode materials. By integrating chemometric analysis and dose-density mask analysis, we further demonstrate that beam-induced and cell-related artefacts can be mitigated, ensuring more reliable interpretations of operando XAS measurements12.
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