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The study of battery materials under real operating conditions is crucial for understanding 
their fundamental electrochemical mechanisms and improving performance. Operando 
synchrotron radiation-based characterization techniques have become essential tools for this 
purpose, enabling non-destructive probing of materials with varying depth sensitivities 
through spectroscopy, scattering, and imaging techniques.1 Synchrotron-based techniques 
offer key advantages such as faster acquisition rates, tunable penetration depths, higher 
spectral and spatial resolution, and access to experimental approaches that require a 
continuously tunable source over a broad photon energy range. Ensuring compatibility 
between electrochemical cell designs and experimental setups is critical to preventing 
perturbations in the electrochemical response of the materials under investigation. Properly 
designed operando cells enable real-time tracking of structural, electronic, and chemical 
changes, capturing metastable intermediates and eliminating artifacts that can arise in ex situ 
studies due to sample evolution during handling.2 Combining multiple synchrotron-based 
techniques further enhances the understanding of battery materials by providing a 
multidimensional perspective across time, space, and energy scales. This talk will present 
recent progress in operando synchrotron characterization of battery materials, focusing on X-
ray diffraction (XRD), X-ray absorption spectroscopy (XAS), and Fourier-transform infrared 
(FTIR) spectroscopy. Key aspects related to experimental setup, data acquisition, and data 
processing will be discussed,3 along with challenges such as radiation-induced artifacts4 and 
technical limitations. Practical examples will illustrate how these techniques contribute to 
advancing energy storage research, from fundamental battery chemistry to applications in 
emerging technologies. 
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