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Table S1. Chemical composition of (CrMnFeNiCu)3;O4 HEO powder examined using ICP-MS.

Elements Weight %
Cr 22.75
Mn 20.95
Fe 23.27
Ni 21.93
Cu 11.10
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Figure S1. Initial three charge-discharge curves of HEO electrode recorded at 50 mA g .
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Figure S2. Charge-discharge curves of HEO electrodes with (a) Cu foil and (b) graphite paper

current collectors measured at 150 mA g .
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Figure S3. XRD patterns of (CrMnFeNiCu);0, electrodes after lithiation and delithiation.
The pristine electrode and graphite substrate (current collector) data are also shown for

comparison.
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Figure S4. Ex situ (a) Mn, (b) Cu, (c) Cr, (d) Fe, and (e) Ni XAS spectra of HEO electrodes

at pristine, lithiation, and delithiation states. Operando spectra measured at 0.01-V lithiation

are shown for comparison.
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Figure S5. Comparison between (a) Mn, (b) Cu, (c) Cr, (d) Fe, and (e) Ni K-edge XAS

spectra of delithiated HEO electrodes measured using ex situ and operando methods.
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Figure S6. Linear combination fitting results of (a, b) Mn, (c, d) Cu, (e, f) Cr, (g, h) Fe, and (i,
j) Ni K-edge XAS spectra. Standard metal and oxide spectra are used for data fitting. Right

figures show fitting data at full delithiation state.
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