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Experimental section 

1. Materials and methods  

Graphene oxide (GO) required for the experiment was purchased directly from 

XFNANO company. A rapid and scalable microwave-assisted hydrothermal method 

was adopted for the synthesis of highly homogenous VO2·0.26H2O@rGO. In a typical 

procedure, 3 mmol anhydrous oxalic acid was first dissolved in 26 mL of deionized 

water with stirring, 1.8 mmol NH4VO3 was then added and stirred for 2 hours at 60°C. 

Next, 4 mL of GO (5 mg/mL) and 10 mg of PVP were dispersed in the above solution 

and stirred at room temperature to form a homogeneous solution, and finally transferred 

to a Teflon-lined autoclave. The autoclave was then placed in a microwave-

hydrothermal synthesis system. The system temperature was increased to 190°C within 

15 minutes and maintained for 180 minutes. After the reaction, the resulting product 

was collected by filtration and washed with distilled water, and subsequent vacuum 

freeze dried. Pure VO2·0.26H2O was prepared by the same synthetic route without GO 

solution. 

2. Material characterization 
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The crystallographic structure and phase purity of VO2·0.26H2O and 

VO2·0.26H2O@rGO were identified by X-ray diffraction (XRD, Rigaku Smart Lab 

diffractometer) with Cu K αradiation. Raman spectroscopy was obtained on Lab RAM 

HR Evolution. Scanning electron microscopy (SEM, Hitachi SU8010) and transmission 

electron microscopy (TEM, FEI Thermo Talos F200S) were applied to obtain the 

morphologies and elemental mapping of active materials. Brunauer-Emmett-Teller 

(BET) surface area was obtained by nitrogen adsorption-desorption isotherms using 

BELSORP-Mini instrument. Thermogravimetric analysis (TG, Mettler, 3+/1600HT) of 

materials was carried out in nitrogen atmosphere and air at a temperature range of 50-

600 °C with a heating rate of 10°C min-1. Chemical components were acquired by X-

ray photoelectron spectroscopy (XPS, Thermo Fisher ESCALAB 250Xi). 

The conductivity was measured by a digital 4-point probes resistivity measurement 

system (ST2253).  

3. Electrochemical measurements 

To make cathode for ZIBs, active materials, Super P and polyvinylidene fluoride were 

ground in a gravimetric ratio of 7:2:1 in n-methyl-2-pyrrolidone. This mixed slurry was 

deposited onto stainless steel mesh with a diameter of 12 mm and vacuum-dried at 60°C 

for 12 hours. The mass loading of active material on electrode was approximately 1.5-

2 mg cm-2. To test the electrochemical performance of cathode, 2032-type coin cells 

was assembled in air with pure zinc foil (100 um) as counter electrode, 3 M Zn 

(CF3SO3)2 as electrolyte, and glass fiber as separator. Cyclic voltammetry (CV) profiles 

were acquired on electrochemical workstation (CHI 660E) in 0.2-1.3 V. The 

discharge/charge tests and galvanostatic intermittent titration technique (GITT) of 

samples were cycled using a battery testing system (NEWARE TECHNOLOGY 

IMITED, CT-4008) in 0.2-1.3 V. Electrochemical impedance spectroscopy (EIS) was 

collected by electrochemical workstation (CHI 660E) in the frequency range of 0.1-105 

Hz.  
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Fig. S1. Illustration of production process. 

 

 

 

 
Fig. S2. TG curves for VO2·0.26H2O.  

 

For VO2·0.26H2O, the weight loss can be ascribed to the vaporization of 

the physically absorbed water (50-100°C) and structural water (100-

400°C).1 In addition, it can be found that the weight of VO2·0.26H2O 

increases in the temperature range between 400 and 450°C in air, probably 

because VO2 converts to V2O5.
2 On account of the reduced weight is 5.9% 

in the nitrogen atmosphere, the ratio of crystal water can be calculated as 

about 0.26 per mole. 

 



 

Fig. S3. TG curve for VO2·0.26H2O@rGO in air. 

For VO2·0.26H2O@rGO, the weight loss also can be ascribed to the 

vaporization of the physically absorbed water (50-100°C) and structural 

water (100-400°C) in air. Especially, the mass loss of VO2·0.26H2O@rGO 

in the range of 400-480°C in air is ascribed to the thermal decomposition 

of rGO carbon skeleton.3 Thus, the mass fraction of rGO in the composite 

can estimated to be 12.3%.4 

 

 

 

 

 

 



 

Fig. S4. (a, b) SEM and (c, d) TEM images of VO2·0.26H2O. 

 

 

 

 

 

 

 

 

 

 
Fig. S5. Nitrogen adsorption-desorption isotherms.  



 
Fig. S6. (a) Galvanostatic charge-discharge curves at 0.1 A g-1 and (b) galvanostatic 

charge-discharge plots at different current densities of VO2·0.26H2O. 

 

 

 

 

 

 

 
Fig. S7. Galvanostatic charge-discharge plots at different current densities of 

VO2·0.26H2O@rGO. 

 

 

 



 

Fig. S8. EIS plots of VO2·0.26H2O and VO2·0.26H2O@rGO. 

 

 

 

 

 

 

 

 

 

Fig. S9. Conductivity of VO2·0.26H2O and VO2·0.26H2O@rGO. 

 



 

 

Fig. S10. (a) CV curves at different scan rates and (b) the capacitive contribution ratio 

at various scan rates of VO2·0.26H2O.  

In principle, the peak current (𝑣) and scan rate (𝑣) in CV curves obey 

the following formula:  

𝑖 = 𝑎𝑣𝑏                                                                    (1)  

where 𝑎 and 𝑏 are variable parameters, 𝑏 represents the slope of log (𝑖) 

vs. log (𝑣) plot. Generally, the 𝑏 value of 0.5 represents the electrode 

process is controlled by the ion diffusion process, and the 𝑏 value of 1 

demonstrates pseudocapacitance controls the electrode process. 

The contribution ratio of the pseudocapacitive effect can be 

determined by the following equations: 5,6 

𝑖(𝑉) = 𝑘1𝑣 + 𝑘2𝑣
1
2⁄                                                  (2) 

And this can be reformulated as： 

𝑖/𝑣
1
2⁄ = 𝑘1𝑣

1
2⁄ + 𝑘2                                                  (3)                 

where 𝑖, 𝑘1𝑣, and 𝑘2𝑣
1
2⁄  represent the current, capacitive contribution, 

and Faradaic intercalation effect, respectively.7,8 

The values of k1 and k2 are obtained by fitting the formula (3). 



 

Fig. S11. CV curves with capacity separation of VO2·0.26H2O@rGO. 

 

 

 

 

 

 

 

 

 

Fig. S12. GITT curves at 0.1 A g-1 for VO2·0.26H2O. 

 

 

 

 

 

 

 



 

Fig. S13. XRD patterns after 40 cycles of VO2·0.26H2O and VO2·0.26H2O@rGO 

electrodes.  

 

 

 

Fig. S14. SEM images of VO2·0.26H2O@rGO electrodes for (a, b) pristine state, (c, d) 

10th cycle, (e, f) 20th cycle, (g, h) 40th cycle.  



 

Fig. S15. SEM images of VO2·0.26H2O electrodes for (a, b) pristine state, (c, d) 10th 

cycle, (e, f) 20th cycle, (g, h) 40th cycle. 

 

 

 

 

 

 

Fig. S16. Ex-situ XRD patterns of VO2·0.26H2O. 



 

Fig. S17. Ex situ Raman patterns of VO2·0.26H2O@rGO. 
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