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Figure S1. SEM image of MnVO
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Figure S2. Survey XPS spectra of MnVO and VOH. Mn 2p signal is detected in MnVO but no
signal is from S, suggesting no sulfate anion in MnVO as discussed in structure analysis section.
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Figure S3. XPS V2p spectrum of VOH. The ratio of V#" is 13.2% calculated by the integrated area.
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Figure S54. Nitrogen-sorption isotherm of VOH and MnVO. Both samples have a similar BET
surface area around 50 m?/g, so the effects from surface area can be ignored in the comparison of
electrochemical performances and the improvements on MnVO can be attributed to the

introduction of Mn (II).
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Figure S5. CV curves of VOH collected at 0.1 mV/s with the same working voltage window of
0.2-1.6 V as used in the MnVO test.
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Figure S6. CV curves of VOH and linear relationship between peak currents and sweep rates.
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Figure S7. Ragone plot of the Zn-ion batteries with different cathodes, such as ZnHCF,! a-MnO,
2 and Zn0_25V205'1’lH20.3

Table S1. Comparison of the cathodes for Zn-ion batteries

Cathode V?ltage Specific capacity Cycling performance Ref.
window /Rate performance

MnQO, 1.0-1.8V 285mAh/g at 103 mA/g  92% over 5,000 cyclesat 1.5 3
Alg

V205 04-14V 224 mAh g'at 100 121 mAh g™ maintained 4

mA/g over 400 cyclesat 1 A/g

Nay33V20s 02-1.6V 367 mAh/gat 100 mA/g  93% capacity retention over >
1,000 cycles at 1 A/g

Na,V¢Oie 0.2-1.6V 352 mAh/gat 50 mA/g 90% capacity retention over ¢

1.63H,O 6,000 cycles at5 A/g

Z1n25V505 0.5-14V 282 mAh/g at 200 mA/g  81% capacity retention after 7
1,000 cycles at 2.4 A/g

VO,(B) 0.3-15V 357 mAh/g at 100 mA/g  91.2% capacity retention 8
after 300 cycles at 0.1 A/g

CuHCF 02-12V 56 mAh/g at 20 mA/g 77% capacity retention after
20 cycles at 0.02 A/g

ZnHCF 0.8-2.0V 65 mAh/g at 60 mA/g 76% capacity retention after 10
100 cycles at 0.3 A/g

Mg.V,0snH,  0.1-1.8V 353 mAh/g at 50 mA/g  97% capacity retention after 11

(@) 2,000 cycles at 5 A/g

MnVO 02-1.6V 415 mAh/g at 50 mA/g  96% capacity retention after ~ This work
2,000 cycles at4 A/g
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Figure S8. The voltage profile of MnVO tested at a current density of 4 A/g in the 1% cycle. The

larger polarization in VOH means a lower energy density.
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Figure S9. XPS spectra Mn3s at fully charged and discharged states. The detected Mn3s indicates
Mn (II) still exist in the crystal lattice, and the difference of binding energy derives from the
chemical state of host [VOn] polyhedra. In the fully charged state, the binding energy of Mn 3s
decreases owing to the strong Coulombic interaction from V°* weakens the attraction from the
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nuclei of Mn to the outer electrons and the increase at discharged state attributes to the
appearance of more V#" and V3* that lead to a weak interaction from the surrounding ions.
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Figure 510. SEM images of Zn anode (a) the pristine, (b) the fully discharged state and (c) the
fully charged state.

Zn-ion diffusion coefficients of MnVO and VOH electrodes can be calculated from the low-

frequency plots of EIS spectra based on the following equations

Z=R+R;+R,+0,0 °°

, M

— p272 9 g2 A A2 2
DLi+—RT/2AnFCch @

where w, A, n, F, C, R, and T stands for the angular frequency, electrode area (0.875 cm?), reactive
electron number per chemical formula (4), Faraday’s constant (96, 500 C mol™), the molar concentration

of Zn ions (3.0 x 10° mol cm-°), gas constant (8.314 ] molK™), and the testing temperature (298 K),
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respectively. ow is the linear slopes from the relationship between frequencies and real part of

impedance (Figure 6d).
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