Can Ex Situ XRD Tell the Same Story as Synchrotron In Situ? Structural Insights into NMC111, NMC622, and NMC811
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Lithium-ion batteries utilizing lithium nickel-manganese-cobalt oxide (NMC) cathodes are crucial for many energy applications, including electromobility, yet their longevity is limited by complex degradation mechanisms. Characterizing these phenomena requires advanced structural measurements to probe phase transitions, lattice strain, and chemomechanical failure at the micro- and atomic scales. Understanding these structural dynamics is essential for optimizing electrode processing and material synthesis. Furthermore, these insights inform the selection of operational cycling conditions, such as voltage windows and charge rates. Correlating structural evolution with degradation pathways enables the mitigation of premature capacity fade, ultimately enhancing the lifetime, safety, and efficiency of NMC-based energy storage systems.
Ex situ X-ray diffraction is a useful method for studying the structural evolution of layered NMC cathode materials at different electrochemical states. [1-3] When samples are collected at well-defined potentials, this approach allows phase evolution, lattice-parameter changes, and composition-dependent trends to be examined in detail and used to draw meaningful conclusions. In this study, ex situ XRD data obtained for NMC111, NMC622, and NMC811 cycled materials are used to analyze how the structural response changes with nickel content and state of charge and compared to in situ XRD studies on the same NMC compositions.
The results show that careful ex situ sampling can capture the main structural features associated with delithiation and relithiation, including phase identifications and quantification, peak shifts, changes inpeak shape, and phase stability analysis. Because the samples are analyzed at discrete electrochemical states, the three compositions can be compared under the same conditions, which helps reveal trends that are sometimes less clear in time-resolved measurements. The results are discussed in relation to previously published and our in situ and operando synchrotron XRD studies,which provide a useful reference for structural changes observed during cycling. The advantages and limitations of both approaches are going to be discussed.
Overall, the study shows that ex situ XRD is not only an accessible alternative to synchrotron-based methods, but also a valuable complementary tool for comparative structural analysis of NMC cathodes. It provides high-quality diffraction data that support detailed structural refinement and help identify composition dependent structure–property relationships in NMC111, NMC622, and NMC811.
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