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Extended data 

 
Experimental section 

Synthesis of Ca0.24V2O5·0.83H2O nanobelt. In a typical synthesis, 356 mg commercial 

V2O5 and 111 mg commercial CaCl2 were firstly dissolved in 30 mL 1.17 M aqueous solution of 

acetic acid to form a homogeneous solution. The above homogenous solution was then transferred 

into a 50 mL Teflon-lined autoclave, which was put in a constant temperature oven and maintained 

at 200 °C for 72 h. After cooling, the sample was collected and rinsed with ethanol and water, and 

dried in a vacuum at 50 °C for 6 h. 

Structural characterization. The as-synthesized samples were characterized using a Bruker 

D8 ADVANCE X-ray diffractormeter (XRD) using Cu Kα radiation (λ = 1.5406 Å), a FEI Nova 

Nano 630 scanning electron microscope (SEM), and a FEI Titan 80-300 ST (300 kV) transmission 

electron microscope (TEM) with energy dispersive X-ray spectroscopy (EDS) capabilities. X-ray 

photoelectron spectroscopy (XPS) measurements were performed using a Kratos Axis Ultra DLD 

spectrometer with Al Kα radiation (hν = 1486.6 eV). All XPS spectra were calibrated by shifting 

the detected adventitious carbon C 1s peak to 284.4 eV. Atomic force microscopy (AFM) images 

were recorded using a Digital Instrument Multi-Mode AFM with a Nanoscope 4 controller 

operating in tapping mode. ICP-OES test was performed on Varian 720-ES. 

Electrical conductivity measurement of individual nanobelt. The Ca0.24V2O5·0.83H2O 

(Zn0.25V2O5·nH2O) nanoribbon was firstly transferred onto Si/SiO2 (280 nm) wafers. Afterwards, 

the Ti (10 nm)/Au (100 nm) electrodes for transport tests were fabricated on the high-quality, 

individual nanobelt (flat, large) using standard e-beam lithography (EBL) and e-beam evaporation. 

Then, the electrical transport properties were measured using a physical property measurement 

system (Dynacool, Quantum Design). The corresponding thicknesses of the measured nanobelts 



                                                                                                                                     
were estimated by the AFM for conductivity calculation. 

Zn-ion battery performance measurement. To assess the battery performance, 2032 coin-

type (MTI, Inc.) devices were fabricated. Self-supported Ca0.24V2O5·0.83H2O membrane was 

fabricated using vacuum filtration method to serve as the working electrode. Typically, 

Ca0.24V2O5·0.83H2O nanobelts were mixed with conducting Super P and a water-based composite 

binder (carboxymethylcellulose, CMC) and styrene-butadiene rubber (SBR) in a 70:27:2:1 weight 

ratio. The composite film was punched into ~1 cm-2, and the active material mass loading is around 

5.7 mg cm-2. Zinc foil was used as the counter and reference electrode, and glass fiber microporous 

membrane as separator. 1 M ZnSO4 in water was used as electrolyte. Stainless steel was used as 

current collector. The electrochemical performance of the assembled cells was measured at various 

rates (nC) in the voltage window from 0.6 to 1.6 V vs. Zn/Zn2+ using an Arbin battery tester (Arbin 

BT-2143-11U, College Station, TX, USA). The nC corresponds to the full Zn2+ extraction from 

electrodes in 1/n h. Cyclic voltammetry and GITT were performed using VMP3 Biologic 

potentiostat (Biologic, France).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 



                                                                                                                                     

Supporting figures 

 

 
 
Fig. S1. The Crystal structure viewed along the b-axis of (A) Zn0.25V2O5·nH2O and (B) CVO. The 

Zn atoms in ZnO6, V atoms in VO6 and Ca atoms in CaO7 polyhedra are depicted in gray, red and 

blue, respectively.  

 



                                                                                                                                     

 
Fig.S2. (A-C) AFM images of CVO nanobelts, and the corresponding histogram of the nanobelts 

thickness. AFM images of (D-E) CVO and (F-G) Zn0.25V2O5·nH2O nanobelts based nanodevices, 

and the corresponding thickness. 

 

 

 

 

 

 

 



                                                                                                                                     

 
Fig. S3. (A) Long-term stability test of a Zn//CVO cell at a voltage window of 0.6-1.6 V. (B) 

Cyclic voltammetry curves of CVO at 0.1 mV s-1.    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 



                                                                                                                                     

 
Fig. S4. The Zn2+ coefficients as a function of the Zn2+ composition during CD scan of the CVO 

cathode. 

 
 
 
 
 
 
 
 
 
 
 



                                                                                                                                     

 
 

Fig. S5. The XRD patterns of the CVO cathode at initial, discharged and charged state; and the 

typical XRD pattern of the CVO electrode 100th CD cycle. 

 

 


