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Lithium-ion batteries based on lithium nickel-manganese-cobalt layered oxides (LiNi1-x-yMnxCoyO2, or NMC) are crucial for various energy applications, but their durability is limited by structural degradation during prolonged cycling. Raman spectroscopy is a powerful tool to probe structural dynamics, tracking local symmetry variations, lattice strain, and phase transitions. [1-2] This study presents a comparative analysis of in situ and ex situ Raman spectroscopy applied to a broad suite of NMC compositions, defining the distinct advantages and technical limitations of each approach.

Ex situ measurements yield high signal-to-noise ratios, minimize background interference, and possibility to record extended maps, making them ideal for precise equilibrium-state characterization, especially in term of studying cycling conditions and material electrochemical state uniformity within electrode mass. [3-4] However, these methods cannot capture transient, non-equilibrium phases, and they are prone to sample relaxation. In order to avoid air-exposure artifacts, it is often necessary to use air-tight holders. Conversely, in situ Raman spectroscopy enables real-time tracking of structural evolution under dynamic operating conditions, directly correlating phase behavior with electrochemical profiles. Nonetheless, in situ configurations introduce technical hurdles, including experimental set-up difficulties, such as the active material detection problems within electrode mass, but also electrolyte fluorescence during measurement, and localized sample heating. The discussion will present a comparative analysis of NMC materials using both methods, highlighting their respective advantages and limitations.

A persistent bottleneck in NMC Raman analysis is the spectral deconvolution of the overlapping A1g and Eg vibrational modes. Because these active bands are highly sensitive to local microstructural distortions and cationic ordering, fitting the raw spectra of mixed transition metal oxide powders is complex and often prone to sophisticated empirical solutions. To resolve this spectral line overlapping, this work introduces a systematic, empirical methodology to standardize and constrain the deconvolution process. By evaluating an extensive matrix of NMC variants across a wide range of transition metal (TM) ratios, we establish a robust baseline of spectral trends. We demonstrate how systematic changes in the nickel, manganese, and cobalt fractions predictably shift peak positions and alter intensity ratios. This empirical framework reduces ambiguity in multi-peak fitting algorithms, offering a reliable pathway toward solving the deconvolution problem and facilitating correct interpretations of in situ and ex situ recorded spectra and potentially tracking degradation pathways in advanced NMC materials.
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