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Understanding nanostructured and disordered materials remains one of the biggest challenges in energy research. Total scattering, especially when performed operando, offers a powerful way to capture both local structure—through Pair Distribution Function (PDF) analysis—and long-range order from Bragg diffraction under realistic working conditions. However, such measurements are technically demanding due to the need to accurately subtract complex and evolving experimental backgrounds.
In this talk, I will discuss strategies to overcome these challenges and demonstrate them through three examples where operando total scattering has helped reveal structure–function relationships in complex energy systems.
We begin by addressing the challenges of complex cell designs through an operando electrocatalysis case study. Using total scattering, we track the structural evolution of ZIF-67 and CoOxHy during the oxygen evolution reaction. A custom “containerless” electrochemical cell with radial geometry allows us to separately probe the catalyst surface and the electrolyte, directly capturing the transformation of ZIF-67 into its active oxide–hydroxide phase.
Next, in-situ total scattering with millisecond resolution captures the rapid densification of multi-layered Li₃V₂(PO₄)₃–Li₁.₄Al₀.₄Ti₁.₆(PO₄)₃ monoliths—solid-state battery materials—during flash sintering. Combined with spatially resolved measurements, we identify distinct reaction zones and current distributions linked to the formation of localized hotspots, revealing how electrochemical flash sintering can promote fast densification and stable interfaces in all-solid-state batteries.
Finally, we examine the limitations of total scattering and how coupling it with chemically sensitive probes can overcome them. In Li-excess “disordered” rock-salt cathodes, combining operando total scattering with Mn K-edge spectroscopy captures both structural and chemical evolution during cycling, revealing lattice densification, reversible Li₂O activation, and the formation of nanoscale layered domains that correlate with the large first-charge capacity and increased coulombic losses.
These case studies illustrate both the power and the practical constraints of operando total scattering—from cell design and data quality to the ultimate limits of spatial and temporal resolution—and show how far this technique can be pushed to probe materials as they function.

