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Figure S1. XRD pattern of as-synthesized LMO material. Miller indices were calculated using 
PowderCell software.
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Figure S2. a) SEM and EDS elemental mapping of cathode after 50 cycles between 4.8 V and 2.0 V, after 

5 cycles, before cycling, and of the pristine LMO material. b) Images of multiple spots on the cathode after 

50 cycles.



Figure S3. Comparison of three different methods of Mn K-Edge determination: first derivative, E=E0.5, 

and integral. These methods did not yield significant differences. The analysis in the main text is based on 

the first derivative method. For a detailed explanation of the different methods, refer to the supporting 

information in Nam et al.1



Figure S4. a) Hard XAS of Mn reference spectra for oxidation state determination, b) first derivative of 
Mn K-edge energy of Mn reference spectra.

Figure S5. a) Soft XAS measurements of Mn reference spectra for oxidation state determination in TEY 
mode, b) plot of oxidation state versus Mn L-edge energy using linear combination analysis (LCA) fitting 
for the reference MnO, Mn2O3, and MnO2 spectra.
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Figure S6. Soft XAS measurements of Mn at various states of charge and discharge in both TEY mode 
and FY mode. 

Figure S7. Mn XAS depth profiling measurements of the cell charged to 4.4 V and the cell 
cycled 50x. The vertical line, centered on the peak position of the measurement with no etching 
performed, serves as a guide for the eye. 



Figure S8. a) O1s XPS taken on Li4Mn2O5 cathodes extracted from half-cells at indicated points in the 
charging and discharging process and O 1s depth profiling measurements taken of the cells charged to 4.4 
V (b) and cycled 50x (c). 



Figure S9. a) C 1s XPS taken on Li4Mn2O5 cathodes extracted from half-cells at indicated points 
in the charging and discharging process and C 1s depth profiling measurements taken of the 
electrodes charged to 4.4 V (b) and cycled 50x (c). 
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