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Calculations:
The areal cell capacitances (C,.;.,) were calculated from the discharge curve using

the following equations:
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where / (mA) is the applied discharging current, 4¢ (h) is the discharging time and S
(cm?) is the area of cell (0.5 cm?).

Specific capacities (C,..s) of the cell were estimated from the discharge curve

A
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using the following equations:

C =
cell-s m

)
where C..;., (mA h g!) is the specific capacity of the H-ZMO NTAs//Zn battery, [
(mA) is the applied discharging current, Az (h) is the discharging time and m (g) is the
mass of the active material of H-ZMO NTAs (3.2 mg cm™2).
Specific energy density £ and specific power density P of the cell were obtained

from the following equations:

E=2C * AV

cell-s

(3)
Ccell—s * AV
1000 = At

“4)
where E (Wh kg'!) is the energy density, C...s is the specific capacity obtained
from Equation (2) and AV (V) is the voltage window. P (kW kg!) is the specific

power density and A4¢ (h) is the discharging time.



The chemical diffusion coefficient of Zn?" can be calculated based on the following

equation:

anm ) AES )
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Here, 7 (s) is the duration of the current pulse; 7., (mol) is the number of moles; V7,
(cm? mol™) is the molar volume of the electrode; S (cm?) is the electrode/electrolyte
contact area; AEj is the steady state voltage change due to the current pulse, and AE; is

the voltage change during the constant current pulse, eliminating the iR drop.
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Figure S1. XRD patterns of ZnMn,0,/VG and N-ZnMn,0,.,/VG.
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Figure S2. Raman spectra of ZnMn,0,/VG and N-ZnMn,0,.,/VG.
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Figure S3. XPS survey spectra of ZnMn,0,/VG and N-ZnMn,0,.,/VG.
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Figure S4. Core-level Mn 3s XPS spectra of ZnMn,04/VG and N-ZnMn,0,.,/VG.
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Figure S5. Core-level Zn 2p XPS spectra of ZnMn,04/VG and N-ZnMn,0,.,/VG.
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Figure S6. Mn K-edge XPS spectra of ZnMn,0,/VG and N-ZnMn,0,.,/VG.
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Figure S7. Mott—Schottky plots of ZnMn,0,/VG and N-ZnMn,0,.,/VG.
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Figure S8. GCD curves of the (a) ZnMn,0,/VG and (b) N-ZnMn,0,.,/VG batteries.
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Figure S9. (a) CV curves, (b) log (i) vs. log (v) at each peak in (a), and (c) surface



capacitive contribution of the ZnMn,0,/VG electrode. (d) CV curves, (e) log (i) vs.

log (v) at each peak in (e), and (f) surface capacitive contribution of the N-ZnMn,O,.

/VG electrode.
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Figure S10. The cycling performance of N-ZnMn,0,.,/VG//Zn battery tested at 0.1,

0.5and 3.0 A gL

—1h

Potential (V)

0 30 60 90 120 150 1 2 3 4
Specific capacity (mA h g") Oxidation time (h)
Figure S11. Electrochemical performance of N-Zn; ,Mn,0,.,/VG//Zn batteries after
the N-ZnMn,0,.,/VG electrodes are oxidized in deionized water for different times. (a)
The galvanostatic discharge curves of N-Zn;_,Mn,0,.,/VG//Zn batteries at 0.1 A g

(b) Effect of the oxidation time on OCV and discharge capacity of N-Zn;Mn,04.

/VG//Zn batteries.
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Figure S12. The chemical charging/galvanostatic discharging curves of N-Zn;.
Mny0,4,/VG//Zn batteries at different chemically charge states (dotted lines:
chemical charging for different times. Solid lines: galvanostatic discharging at 0.1 A
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Figure S13. Cycle stability of N-Zn; ,Mn,0,.,/VG//Zn battery at 0.1 A g™! after the N-

ZnMn,0,.,/VG electrode is oxidized in deionized water for 3 h.
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Figure S14. Calculational lattice spacing of (003) and (211) plane of N-ZnMn,Oy,.

+/VG electrodes after being oxidized by O, for different times.

Table S1. Comparison of zinc storage performance of based cathodes.

Capacity (mA h Cycling stability
Cathodes Rate performance Ref.
g (cycles)
This
N-ZnMn,0,4.,/VG 222 (0.1 A g™ 61.2% (0.1to3 A g™ 97.6% (3000)
work
ZnMn,04 NDs/rGO 185(0.1 Ag™h 60.5% (0.1to 5 A g™ 72.4% (400) [1]
ZnO-MnO@C 219 (0.1 A g™ 60.3% (0.1to3 A g™ 84% (2000) [2]
Hollow porous
112(0.1 Agh 57% (0.1t03.2 A g™h) No negligible [3]
ZIlMIl204
ZMO@Ti;C, T, 172.6 (0.1 A g™ 48.9% (0.1to4 A g™ 92.4% (5000) [4]




ZMO/C 150 (0.05A g™ 48% (0.05t0 2 A g™ 94% (500) [5]
ZMO@PCPs 177(0.1 A gh 48% (0.1t04.0A g™ 90.3% (2000) [6]
47.8% (0.1 to 2.4 A
ZMO microrods 180 (0.1 A g™ 79% (3000) [7]
gh
ZMO 230 (0.5A g™ 43.9% (0.5t0 8 A g™!) 75% (2000) [8]
rGO@HM-ZMO 116.7(0.1 Agh) |39.1%(0.1to2 A g™ No negligible 9]
32.6% (0.2 to 6.4 A
ZnMn,O,4 190.4 (02 A g™ 94.4% (500) [10]
gh
32.2% (0.01 to 1.5 A
ZnMn,04@N-rGO 204.4 (0.01 A gfl) 84.7% (600) [11]
g
28.3% (0.083 to 1.66
OD-ZMO@PEDOT 221 (0.083 A g 93.8% (300) [12]
Agh
22.3% (0.1 to 6.4 A
ZnMn,04/Mn,05 130 (0.1 Agh No negligible [13]
g
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