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Fig. S1 SEM images of a, b VO2 and c, d Ca-VO2. 

Fig. S2 HRTEM image of VO2.

Fig. S3 HAADF-STEM image of VO2 with corresponding elemental mapping.



Fig. S4 XPS spectrum of Ca-VO2.  

Fig. S5 a XPS spectrum of VO2. b V 2p and c O 1s high-resolution XPS spectra.

Fig. S6 TGA curve of Ca-VO2.



Fig. S7 BET surface area analysis of VO2 and Ca-VO2.

Fig. S8 a Coulombic efficiency of the Ca-VO2 and VO2 cathodes at 0.1 A g-1. GCD 

curves of b Ca-VO2 and c VO2 at first five cycles at 0.1 A g-1.

Fig. S9 a XRD pattern and b SEM of the Ca-VO2 cathode after cycling at 0.1 A g-1.



Fig. S10 The corresponding color variation for vanadium dissolution of the VO2 and 

Ca-VO2 electrodes in Zn(OTf)2 electrolytes for 40 days at initial, discharged, and 

charged states. 

Fig. S11 XRD patterns of the VO₂ cathodes in initial, discharged and charged states.

Fig. S12 Ex-situ XPS spectrum of Zn 2p in the Ca-VO2 cathode at initial, discharged, 

and charged states.



Fig. S13 The elemental mapping of the Ca-VO2 cathodes at a discharged state and b 

charged state.

Fig. S14 The segmentation by contrast corresponding to Ca-VO2 (blue) and a mixture 

of CaV₂O₆·2H₂O with Zn(OTf)OH (gray), and corresponding front, top, and right views 

for the reconstructed Ca-VO2 nanorod at a the discharged state and b the charged state.

Fig. S15 GCD curves of the VO2 cathode at different current densities increasing from 

0.1 to 30 A g-1.



Fig. S16 CV curves of a Ca-VO2 and b VO2 cathodes at different scan rates.

Fig. S17 GITT curve of the VO2 cathode.

Fig. S18 Nyquist plots of the Ca-VO2 and VO2 cathodes. The inset is the equivalent 

circuit. 

The EIS data are fitted using the equivalent circuit shown in the inset of Fig. S18, which 

consists of two constant phase elements (CPE1 and CPE2), ohmic resistance (Re), charge 

transfer resistance (Rct), interface resistance (Ri), and Warburg element (ZW), 

respectively. And the fitting results are listed in Table S3.



Fig. S19 Cycling performances of the Ca-VO2 cathode at 0.1 A g-1 with high mass 

loadings: a 40 mg cm-2 and b 60 mg cm-2. 

Fig. S20 Schematic diagram of the pouch cell configuration. 

Fig. S21 GCD curves of Ca-VO2/Zn pouch cell at selected cycles at 0.5 A g-1.



Table S1. ICP-OES result of Ca-VO2.

Element Test solution element concentration [mg/L] Element content W [%]

Ca 21.2267 2.07697

V 539.3050 52.7697

Table S2. A comparison of the long-term cycling performance between our as-prepared 

Ca-VO2 cathode and current state-of-the-art vanadium-based cathodes for zinc-ion 

batteries.

Material Electrolyte
Voltage

[V]

Capacity/Current Density

[mAh g-1/A g-1]

Capacity retention/ 

Cycle Performance
Refs.

VO2(B) 3M Zn(CF3SO3)2 0.2-1.5 344.8/10 84.3%/5000 [1]

Iodine-doped

Na2V6O16·3H2O
3M Zn(CF3SO3)2 0-1.6 289/10 74.9%/12000 [2]

W0.05V0.95O1.94(B) 2M Zn(CF3SO3)2 0.3-1.4 222/10 89%/2000 [3]

CaV4O9/CNTs 3M Zn(CF3SO3)2 0.3-1.6 239/10 90.7%/3000 [4]

SWCNTs/GO/

V2O5·1.6H2O
2M Zn(CF3SO3)2 0.01-1.5 211.5/2 95.3%/3000 [5]

E-VON 2M Zn(CF3SO3)2 0.2-1.5 155.5/10 73%/2500 [6]

VSSe/VO2/V2O5 3M Zn(CF3SO3)2 0.1-1.7 272/10 60%/12000 [7]

Zn0.52V2O5-a⋅1.8 H2O 3M Zn(CF3SO3)2 0.2-1.6 161.5/20 95.4%/18000 [8]

D-VS4 3M Zn(CF3SO3)2 0.1-1.8 141/10 72%/8000 [9]

VO 2M Zn(CF3SO3)2 0.2-1.6 133.3/50 97%/8000 [10]

Na6[V10O28]·nH2O 2M Zn(CF3SO3)2 0.2-1.5 84.6/10 89.7%/3000 [11]

V2O5 3M Zn(CF3SO3)2 0.4-1.6 207/10 85%/5000 [12]

Rb-NH4V4O10 3M Zn(CF3SO3)2 0.2-1.6 152/5 87.6%/10000 [13]



V2O5@PEDOT 2M Zn(CF3SO3)2 0.2-1.6 250/5 98.2%/2000 [14]

Ca-VO2 3M Zn(CF3SO3)2 0.3-1.4 231.2/30 94.7%/16700 This work

Table S3. Fitting results of the Nyquist plots for VO2 and Ca-VO2 cathodes.

Cathode Re [Ω] Rct [Ω] Ri [Ω]

Ca-VO2 6.03 222.30 72.89

VO2 6.77 412.90 88.85
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