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Figure S1 Powder X-ray diffraction patterns for the pristine cathode materials indexed to the C2/m
space group. The peaks arising from the in-plane honeycomb ordering are highlighted. The
superstructure peaks for the Sn-substituted samples exhibit substantial asymmetric peak broadening
arising from stacking faults between the honeycomb ordered layers as previously reported. Additional

Bragg peaks in the superlattice region labelled* in Li;RuQs; arise from slight distortions of Ru to form
Ru-Ru dimers as discussed elsewhere.
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Figure S2 Rietveld Refinements for pristine ruthenates cathodes. Superstructure peaks between 26 =
18° and 34° have been omitted from the refinement due to the asymmetric peak broadening which
conventional rietveld refinement cannot capture.
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Figure S3 Rietveld Refinements for pristine iridate cathodes. Superstructure peaks between 26 = 18

o

and 34° have been omitted from the refinement due to the asymmetric peak broadening which
conventional rietveld refinement cannot capture.
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Figure S4 RIXS beam sensitivity studies for charged Li;RuosSnos03 and Lizlre sSngs0O3 cathode materials
measured using an excitation energy of 531 eV at 20K. Spectra were continually acquired every 30s
for up to 30 mins at the same sample location. Only a slight decrease in intensity is observed over time

for LizRupsSnosOs and there is little change for LizlrgsSnosOs.
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