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Electrochemical energy systems are increasingly explored under synchrotron radiation to capture their
structural and chemical evolution during operation. At the Taruma nanoprobe beamline, we have developed
and optimized a suite of electrochemical environments, including cells, electrolyzers, microreactors, and
battery holders; designed to fully exploit a highly focused X-ray beam (=180 x 180 nm? at 10 keV). These
platforms ensure chemical stability, low X-ray attenuation, and compatibility with multimodal measurements.
By integrating X-ray fluorescence (XRF), X-ray absorption spectroscopy (XAS), and coherent scattering
techniques such as ptychography and Bragg coherent diffraction imaging (BCDI), we enable spatially resolved
and chemically sensitive operando studies. This approach provides direct insight into catalyst redox dynamics,
dissolution and redeposition, morphological evolution, and nanoscale strain.

More broadly, the continued advancement of sample environments at CARNAUBA significantly broadens the
experimental landscape for operando studies of electrochemical and catalytic systems. By enabling
increasingly realistic and information-rich measurements, these developments contribute to a deeper
mechanistic understanding of energy-conversion processes and support the next generation of sustainable
technologies, including green hydrogen production, advanced energy storage, and efficient catalytic systems.
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