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Fig. S1. Crystal structure along the (a) c-axis, (b) b-axis and (c) a-axis of the 

orthorhombic V4O9.
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Fig. S2. FTIR spectrum of V4O9 at attenuated total reflection mode.
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Fig. S3. Raman scattering of V4O9 powder.
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Fig. S4. (a) XRD and (b) SEM of V4O9 electrode after 500th at 20C



6

Fig. S5. Electrochemical performance of Zn/V4O9 with 3M ZnSO4 electrolyte. (a) 
The first three cyclic voltammetry (CV) profile of V4O9 at 0.5 mV s–1. (b) Cycle 
performance at 1 C. (c) Charge/discharge profiles at 0.5 C, 1 C, 5 C, 10 C, 20 C. (d) 
Cycle performance at 20 C.
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Fig. S6. (a) Percentages of capacitive and diffusion contributions at different scan rates. 

Contribution ratios of the capacitive capacities and diffusion-controlled capacities at 

(b) 0.3 mV s−1, (c) 0.4 mV s−1 and (d) 0.5 mV s−1.
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Fig. S7. In-situ XRD of V4O9 electrode at the first two cycles.
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Fig. S8. Galvanostatic voltage–capacity profiles for V4O9 cycled in electrolytes without 

and with 1% content in 0.2 M Zn(CF3SO3)2 acetonitrile (anhydrous). Each profile 

corresponds to the 20th cycle.
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Fig. S9. XRD of V4O9 electrode at 5th, 10th, 20th at 1C. 
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Fig. S10. XPS image of V4O9 electrodes at the initial, full discharging, and charging 

states.
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Fig. S11. Ex-situ XPS image of O 1s acquired from the pristine, full discharging, and 

charging V4O9 electrodes.
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Fig. S12. Ex-situ XPS image of S 2p acquired from the pristine, full discharging and 

charging V4O9 electrodes.
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Fig. S13. SEM images of V4O9 electrodes at the (a) initial, (b) full discharging, and (c) 

charging states.

Fig. S14. EDX pattern of V4O9 electrode at the full discharging and charging states.
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Fig S15. SEM of electrodes at the discharge state of 0.3 V without (a) and with (b) the 

treatment of dilute hydrochloric acid. 

Table S1. Element distribution of V4O9 electrode at the full discharging and charging 

states.

Discharge Charge

Element wt% Atomic 
percentage wt% Atomic 

percentage
C 18.00 34.89 29.50 50.29
O 20.31 29.55 17.78 22.75
F 11.73 14.37 8.82 9.50
S 2.73 1.98 0.00 0.00
V 23.76 10.86 41.89 16.83

Zn 23.46 8.35 2.01 0.63
Total: 100.00 100.00 100.00 100.00
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Table S2 Element distribution of V4O9 at the discharge state of 0.3 V without and with 

the treatment of dilute hydrochloric acid.

Without acid treatment With acid treatment

Element Apparent 
concentration wt% Apparent 

concentration wt%

C 1.90 15.32 6.64 30.63
O 4.15 17.73 1.72 11.58
F 4.39 10.06 4.46 14.25
S 0.66 1.25 0.00 0.00
V 15.83 28.07 23.03 42.95

Zn 14.87 27.57 0.30 0.60
Total: 100.00 100.00

Table S3. Electrochemical performance comparisons of V4O9 with other reported 

aqueous zinc ion batteries.

Cathode Electrolyte
Voltage 
window

Specific 
capacity/

Rate 
performance

Cycling 
performance

ref

V2O5
3 M 

Zn(CF3SO3)2
0.2-1.6 V

470 mA h g−1 at 
0.2 A g−1

396 mA h g−1 at 
8.0 A g−1

91.1% capacity 
retention over 

4000 cycles at 5 
A g−1

1

V2O5/Graphene 3 M ZnSO4 0.2-1.8 V

489 mA h g−1 at 
0.1 A g−1

123 mA h g−1 at 
70 A g−1

80% capacity 
retention after 
3500 cycles at 

30A g-1

2

Porous V2O5
3 M 

Zn(CF3SO3)2
0.5-1.5 V

226 mA h g−1 at 1 
C

104 mA h g−1 at 
10 C

81% capacity 
retention after 

500 cycles at 2 C

3
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V2O5 
nanosheets

3 M 
Zn(CF3SO3)2

0.3-1.6 V

452 mA h g−1 at 
0.1 A g−1

268 mA h g−1 at 
30 A g−1

92% capacity 
retention after 
5000 cycles at 

10A g-1

4

PANI-
intercalated 

V2O5

3 M 
Zn(CF3SO3)2

0.2-1.6 V

375.2 mA h g−1 at 
1 A g−1

197.1 mA h g−1 at 
20 A g−1

97.6% capacity 
retention after 
2000 cycles at 

20A g-1

5

VO2(B)
3 M Zn 

(CF3SO3)2
0.3-1.5 V

375 mA h g−1 at 
0.25 C

171 mA h g−1 at 
300 C

91.2% capacity 
retention after

300 cycles at 100 
mA g−1

6

VO2(D) 3 M ZnSO4 0.2-1.6 V

408 mA h g−1 at 
0.1 A g−1

200 mA h g−1 at 
20 A g−1

an attenuation 
rate of 0.0023% 

per cycle

7

VO2(A)
3 M Zn 

(CF3SO3)2
0.2-1.4 V

357 mA h g-1 at 
0.1 A g-1

165 mA h g-1 at 
10 A g-1

76% capacity 
retention over 

500 cycles at 5 A 
g-1.

8

VO2·0.75H2O 3 M ZnSO4 0.4-1.4 V

396 mA h g−1 at 
0.05 A g−1

88 mA h g−1 at 50 
A g−1

89% capacity 
retention over 

1000 cycles at 10 
A g−1

9

VO2(B)/RGO
3 M 

Zn(CF3SO3)2

0.2–1.4 
V.

456 mA h g−1 at 
100 mA g−1

292 mA h g−1 at 5 
A g−1

72% capacity 
retention over 
1600 cycles at 

5A g-1

10

VO2-PEDOT
3 M 

Zn(CF3SO3)2
0.3-1.3V

448 mA h g−1 at 
0.5 A g−1

231 mA h g−1 at 
10 A g−1

84.5% capacity 
retention over 

1000 cycles at 5 
Ag-1,

11

H2V3O8
3 M 

Zn(CF3SO3)2
0.2-1.6 V

423.8 mA h g−1 at 
0.1 A g−1

113.9 mA h g−1 at 
5.0 A g−1

94.3% capacity 
retention after 

1000 cycles at 5 
A g−1

12

V3O7·H2O/rGO 1 M ZnSO4 0.3-1.5 V

267 mA h g-1 
under 1 C

85 mA h g-1 under 
40 C

79% capacity 
retention over 

1000 cycles at 5 
C

13

V6O13
3 M 

Zn(CF3SO3)2
0.2-1.5 V

360 mA h g−1 at 
0.2 A g−1

145 mA h g−1 at 
24.0 A g−1

92% capacity 
retention over 

2000 cycles at 4 
A g-1

14
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Od-V6O13
3 M 

Zn(CF3SO3)2
0.2-1.5 V

401 mA h g−1 at 
0.2 A g−1

223 mA h g−1 at 5 
A g−1

86% capacity 
retention after 

2000 cycles at 2 
A g-1

15

V6O13·nH2O
3 M 

Zn(CF3SO3)2 0.2-1.4 V

395 mA h g−1 at 
0.1 A g−1

97 mA h g−1 at 20 
A g−1

87% capacity 
retention after 
1000 cycles at 

5A g−1

16

CO2 modified 
V6O13

3 M 
Zn(CF3SO3)2

0.3-1.5 V

471 mA h g−1 at 
0.1 A g−1

175 mA h g−1 at 
10 A g−1

80% capacity 
retention after 

4000 cycles at 2 
A g−1

17

V10O24·12H2O
3M 

Zn(CF3SO3)2
0.7-1.7 V

164.5 mA h g−1 at 
0.2 A g−1

80.0 mA h g−1 at 
10 A g−1

80.1% capacity 
retention after 

3000 cycles at 10 
A g-1,

18

V2O3@C
3 M 

Zn(CF3SO3)2
0.3-1.5 V

350 mA h g−1 at 
100 mA g−1

250 mA h g−1 at 2 
A g−1

90% capacity 
retention over 

4000 cycles at 5 
A g−1

19

V4O9
3 M 

Zn(CF3SO3)2
0.3-1.5 V

420 mA h g-1 at 
0.5 C

234.4 mA h g-1 at 
50 C

78.8% capacity 
retention over 

1000 cycles at 20 
C

This 
work
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