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1. The nominal valence states calculation
The nominal valence states of Mn of the different samples can be calculated based on the measured
AE in Figure 2b, which can be determined quantitatively with the following equation.!-?

AOS =8.956-1.126 AE
Where AOS denotes the calculated nominal valence states of Mn. The energy differences (AE)
were measured with 4.63 eV, 4.98 eV, and 5.21 eV for the MnO,, MnO,-Na and MnO,-Cu
samples, respectively. Accordingly, the valence states of Mn in MnO,, MnO,-Na, and MnO,-Cu
are 3.74, 3.35, and 3.1, respectively.
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2. Supplementary Figures
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Figure S1. XPS core-level spectra of Cu 2p of the obtained MnO,-Cu.

Figure S2. Elemental maps of the sample MnO,-Na.
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Figure S3. Representative TEM images with the lattice stripe view of the obtained MnO,, MnO,-
Na, and MnO,-Cu. (a) MnO, with the interlayer spacing of 0.72 nm; (b) MnO,-Na with the
interlayer spacing of 0.69 nm; (c) MnO,-Cu with the interlayer spacing of 0.65 nm; (d) schematic
illustrating the crystal structure of MnO,-Cu with the interlay intercalated Cu?*.
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Figure S4. CV curves of the obtained MnO,, MnO,-Na, and MnO2-Cu electrodes were recorded

at the scan rate ranging from 0.1 mV/s to 2.0 mV/s.
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Figure S5. Valence states evolution of Mn in the MnO,-Cu electrode during different charge-

discharge stages.
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Figure S6. Electrochemical performance of MnO,-Cu electrodes with high mass loading up to0 9.6
mg/cm?. (a) Typical SEM image of the MnO,-Cu electrodes revealing the significantly thicker
MnO,-Cu materials electrodeposited on the current collector carbon cloth; (b) CV curves recorded
at different scan rates ranging from 0.1 mV/s to 2.0 mV/s; (c) Rate capability at different charge-

discharge current densities.
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