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Experimental section

Synthesis of graphite oxide (GO)

Graphite oxide (GO) was prepared from natural graphite flakes by an improved Hummer’s method 

1. Briefly, 2 g of graphite flakes and 1 g of NaNO3 were dispersed into 46 mL of H2SO4 (98 wt.%) under 

continuous vigorous stirring in an ice bath at about 5 °C. Next, 6 g of fully grinded KMnO4 was added 

slowly in portions into the mixture whose temperature was controlled below 20 °C and the whole process 

lasted about 0.5 h. After vigorously stirring for 1 h, remove the ice bath and heat the mixture in a water 

bath at 35 °C for another 1 h, after which a brown thick solution was obtained. To this, 92 mL of deionized 

water was added dropwise. Afterwards, raise the temperature to 95 °C and keep it stirred for 15 min, 

followed by adding 300 mL deionized water and 10 mL H2O2 (30 wt.%) to end the reaction, thus a thick 

golden yellow suspension was obtained. Finally, the GO suspension was diluted and washed with 

deionized water and 10 wt.% HCl aqueous solution, then repeat with water until pH = 7. Put the dark 

brown solution to ultrasonic for 1 h and preserve the final product in deionized water. Adjust the volume 

of water and the GO solution can be obtained.

Materials preparation

All the chemicals with analytically pure were used directly without any further purification. The 

synthetic process of CaxV2O5·nH2O/rGO (denoted as CaVOH/rGO) is shown in Figure 1a. Firstly, 2 

mmol V2O5 powder was dissolved in 66 mL deionized water at room temperature under vigorous 

magnetic stirring. And then 2 mL of H2O2 (30 wt.%) was added into the solution slowly. After obtaining 

a clear orange-red solution, 0.75 mmol CaCl2 powder and 14 mL 20% GO 2 were added into the mixture. 

The obtained brownish black suspension was further treated by vigorous stir and ultrasonic for 20 

minutes, respectively, which were repeated for four times. Then the mixed solution was sealed in a 100 

mL Teflon-lined stainless steel autoclave and further maintained at 120 ℃ for 6 h. After cooling to room 

temperature, the dark green precipitates were collected by suction filtration and washed with deionized 

water for three times. Finally, the precipitates were freeze dried for 48 hours, and the product 

CaVOH/rGO was obtained. To compare, the products of V2O5·nH2O (denoted as VOH) was also 

synthesized in the same steps and processes in the absence of Ca2+ source.
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Characterizations

X-ray diffraction (XRD) patterns were measured using Panalytical X’ Pert powder diffractometer 

at 40 kV and 40 mA with Ni-filtered Cu Kα radiation. The morphology and size of the as-prepared 

samples were displayed by field emission scanning electron microscopy (FE-SEM, NOVA NanoSEM 

450, FEI) and transmission electron microscopy (TEM, FEITecnai F30, FEI). The as-prepared samples 

were gold-sputtered in advance before TEM observation, and pretreated with ultrasonication so that it 

could be dispersed in anhydrous ethanol before TEM observation. Energy-dispersive X-ray spectrometer 

(EDS) and elemental mapping were obtained by a scanning electron microscope (SEM, QUANTA450). 

X-ray photoelectron spectra (XPS) was collected through an ESCALAB 250Xi electron spectrometer 

with an excitation source of Al Kα X-ray radiation and the pass energy is 20 eV. The functional groups’ 

stretching and bending information of the samples was characterized by Fouriertransform infrared 

spectroscopy (FTIR) and recorded on a Nicolet 6700 spectrometer from 4000 to 400 cm-1 with a 

resolution of 4 cm-1. Thermo Scientific spectrometer was used to obtain the chemical bond information 

by Raman spectrum, with a 532 nm-excitation line. Thermogravimetry analysis (TGA) was conducted 

on a MTC1000 thermal analysis system from 50 to 1200 ℃ with a heating rate of 5 ℃·min-1 under an air 

atmosphere. The content of element was determined by using inductively coupled plasma-atomic 

emission spectroscopy (ICP-AES, Optima2000DV, Perkinelmer).

Electrochemical measurements

The electrochemical properties were carried out via stainless steel CR2032 coin-type cells. For the 

electrode preparation, the cathode electrodes were fabricated by mixing 70 wt.% of active material, 20 

wt.% of acetylene black, and 10 wt.% of polyvinylidene fluoride (PVDF) binder in N-methyl-2-pyrroli-

done (NMP) and coating the slurry onto titanium foil. And then they were dried under vacuum at 60 ℃ 

for 9 h. The coin-type cells were assembled by the above cathodes, Zn metal as the anode, 80 μL of 3 M 

zinc trifluoromethanesulfonate (Zn(CF3SO3)2, 98%) aqueous solution as the electrolyte, and a glass fiber 

filter was used as the separator. The electrochemical performances of the Zn//CaVOH/rGO cells were 

measured in the voltage range of 0.2-1.5 V (vs. Zn2+/Zn). The cyclic voltammetry (CV) and 

electrochemical impedance spectroscopy (EIS) were conducted using the CHI-660D electrochemical 

working station. The galvanostatic and intermittent titration technique (GITT) and the galvanostatic 

charge-discharge (GCD) test were taken in a multichannel battery testing system (LAND CT201A) to 
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analyze the reaction and diffusion kinetics and capacity properties, respectively. All the electrochemical 

characterizations were carried out at room temperature.
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Fig. S1

Fig. S1. SEM images of (a) VOH (b)VOH/rGO and (c) CaVOH/rGO; (d) TEM images of CaVOH/rGO
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Fig. S2

Fig. S2. (a) XPS spectra of VOH,VOH/rGO and CaVOH/rGO; High resolution XPS spectras of (b) 

VOH, (c-d) VOH/rGO and (e-f) CaVOH/rGO
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Table S1

Table S1. Atomic content of Ca, V, O and C in CaVOH/rGO by XPS analysis.

Element Atomic%

Ca 1.73

V 13.75

O 44.71

C 39.81
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Table S2

Table S2. Atomic ratio of Ca and V in CaVOH/rGO by ICP analysis.

Element ratio

Ca:V 0.11:1
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Table S3

Table S3. Weight content of C and H in CaVOH/rGO by EA.

C% H% C/H

5.21 2.066 2.5202
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Fig. S3

      Fig.S3. TGA result of CaVOH/rGO composite.
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Fig. S4

Fig. S4. GCD curves of (a) VOH and (b) VOH/rGO at various current densities. (c) EDS mapping of 

CaVOH/rGO after 2000 cycles
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Table S4

Table S4. Comparison of the specific capacities between the previously reported cathode materials for 

ARZIBs and this work.

Cathode Materials Electrochemical Performance Ref.

CaVOH/rGO 408, 380, 378, 337, 270 and 269 mA h g−1 at 0.05, 0.1, 0.2, 
1.0, 2.0, and 4.0 A g−1 This work

Ba1.2V6O16·3H2O
321.2,277.3, 247.4, 222.8, 198.2,168.1, 150.7, 129.8, and 
108.8 mA h g−1 at 0.1, 0.2, 0.3, 0.5, 1, 2, 3, 5, and 10 A g−1

3

FeVO4·nH2O@rGO 100 mA h g−1 at 1.0 A g−1 4

Cu3(OH)2V2O7·2H2O
216, 159, 148, 133, 127, and 105 mA h g−1 at 0.1, 0.3, 0.5, 
0.8, 1.0, and 2.0 A g−1

5

K0.25V2O5 205,163 and 91 mA h g−1 at 1,2,5 A g−1 6

Mg0.34V2O5·nH2O
353, 330, 291, 264 and 81 mA h g−1 at 0.05, 0.1, 0.5, 1 and 
5 A g−1, respectively

7

Ca0.25V2O5·nH2O
340, and 289 mAh g−1 at 0.2 C and 1C, respectively.
(1C=250 mA g−1)

8

LiV3O8
256, 311, 172, 148, and 47 mAh g−1 at 0.016, 0.066, 0.133, 
0.266 and 1.066 A g−1, respectively.

9

Na1.1V3O7.9 
nanoribbons/graphene 191 mAh g−1 at 0.05 A g−1 10

Na0.33V2O5 nanowire 367.1, 253.7, 173.4, 137.5 and 96.4 mAh g−1 at 0.1, 0.2, 0.5, 
1, and 2 A g−1, respectively.

11

Na5V12O32 (Na1.25V3O8) 281 mAh g−1 at 0.5 A g−1 12

HNaV6O16·4H2O 
(H0.5Na0.5V3O8·2H2O) 304 mAh g−1 at 0.5 A g−1 12

Na2V6O16·1.63H2O 
nanowire

352, 261, and 219 mAh g−1 at 0.05, 0.5 and 1 A g−1, 
respectively

13

Zn3V2O7(OH)2·2H2O
200, 122, 84 and 54 mAh g−1 at 0.05, 0.5, 1 and 3 A g−1, 
respectively

14

Zn2(OH)VO4
204, 160 and 101 mAh g−1 at 0.5 C, 10 C and 50 C, 
respectively. (1 C= 200 mA g−1)

15

Fe5V15O39(OH)9·9H2O 385 mAh g−1 at 0.1A g−1 16

VO2(B)/rGO 365 mAh g−1 at 0.05 A g−1 17

VO2(B) 338 mAh g−1 at 0.05 A g−1 17

VO2(B) nanobelts 274 mAh g−1 at 0.1 A g−1 18

RGO/VO2 composite 276 mAh g−1 at 0.1 A g−1 19

V2O5 nanofibers 319 mAh g−1 at 0.02 A g−1 20

V6O13·nH2O 395 mAh g−1 at 0.1 A g−1 21
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Fig. S5

Fig. S5. CV curves at various sweep rates and the relationship between peak currents and sweep rates 

of (a-b) VOH and (c-d) VOH/rGO.
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Fig. S6

Fig. S6. CV curve of (a) VOH and (c) CaVOH with the calculated capacitive fraction shown by the 

shaded area at 0.6 mV·s-1 and the contribution rate of (b) VOH and (d) CaVOH calculated capacitive at 

0.2~1 mV·s-1; the GITT curves of (e) CaVOH/rGO, (f) VOH, (h) VOH/rGO and (j) CaVOH; the 

corresponding Zn2+ (DZn) diffusion coefficients of (g) VOH, (i) VOH/rGO and (k) CaVOH.
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Fig.S7

Fig. S7. (a) EIS spectra of CaVOH/rGO; (b) The slopes of the Nyquist plot of CaVOH/rGO battery at 

low frequencies.
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Fig. S8

Fig. S8. The ex-situ XRD patterns of VOH in the fully discharged and charged states in the first and 

second cycles
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Fig. S9

Fig. S9. EDS mapping of CaVOH/rGO in the (a) pristine state, (b) the fully discharged state and (c) the 

fully charged state.
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