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Electrochemical Measurements

In electrochemical measurement, 2032 coin cells were prepared in air by Zn foil as anode
electrode, glass fiber as separator and 4 M Zn(CF3S0z3): as the electrolyte. In the preparation of
the cathode electrode, 70% of the active substances (CVO, CVO/CNT, and CVO/CNT-rGO), 20%
of the super P, and 10% of the PVDF binder were mixed into N-Methyl-2-pyrrolidone (NMP),
then the uniform slurry was coated on carbon paper, the electrodes were then dried in a vacuum
oven 70°C for 24h. The mass loading range of electrode is 1 to 2 mg cm 2 Then, NEWARE
battery testing system (CT-4008T-5V10mA-164, Shenzhen, China) within the potential windows
of 0.2-1.8 V was used to evaluate the electrochemical performances. And LAND battery testing
system (CT2001A, Wuhan, China) was used to test Zn?" ion diffusion coefficient. While the cyclic
voltammetry (CV) and electrochemical impedance spectroscopy (EIS) measurements were tested
by an electrochemical workstation (CHI760E and Autolab PGSTAT 302 N) at room temperature.
The GITT test was performed at a current density of 0.05 A g™!, a relaxation time (t) of 60 min,
and a recording interval of 30 s.

The LAND and NEWARE battery testing system and electrochemical workstation with high
sensitivity and accuracy have been in our laboratory, which can help us obtain the required
electrochemical performance data in this research.

Material Characterization

X-ray diffraction (XRD) measurement was measured using a Bruker D8 Discover X-ray
diffractometer with the non-monochromatic Cu Ko X-ray as the source (A = 1.5406 A).
Inductively coupled plasma (ICP) measurement was recorded with a PerkinElmer Optima
4300DV spectrometer. Raman spectra were obtained using a HORIBA LabRAM HR Evolution &
SmartSPM spectroscopy system with an excitation laser wavelength of A = 532 nm.
Thermogravimetric analysis (TGA) curves were conducted by using a Netzsch STA 449C
simultaneous analyzer. Fourier transform infrared (FTIR) spectra were performed using a Nicolet
6700 (Thermo Fisher Scientific Co., USA) IR spectrometer. The Brunauer-Emmett-Teller (BET)
surface area was collected through Tristar II 3020 instrument at 77 K. Scanning electron
microscopy (SEM) images were carried out on a JSM-7100F scanning electron microscope.
Transmission electron microscopy (TEM) and high-resolution TEM (HRTEM) images were
obtained with a JEM-1400Plus STEM/EDS microscope. X-ray photoelectron spectroscopy (XPS)
spectra were conducted with a Shimadzu AXIS SUPRA.

These experimental instruments have been in our laboratory, which can not only meet the

material characterization analysis required by this research, but also save time and cost.



Fig. S1 (a) HAADF image of the CVO; (b-d) Corresponding elemental maps of the CVO.

Fig. S2 (a) TEM image of CVO/CNT;(b) HAADF image of CVO/CNT; (c)Corresponding
elemental maps of CVO/CNT.



Fig. S3 (a) HAADF image of the CVO/CNT-rGO; (b) Corresponding elemental maps of the CVO.
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Fig. S4 FTIR spectra of the CVO and CVO/CNT-rGO.
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Fig. S5 (a) XPS spectra of CVO/CNT-rGO; (b) XPS spectra of O 1s; (c) XPS spectra of C 1s.
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Fig. S6 TGA curves of CVO and CVO/CNT-rGO sample under air atmosphere.
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Fig. S7 (a) Nitrogen adsorption—desorption isotherm of the CVO/CNT-rGO; (b) The pore size
distribution of CVO/CNT-rGO; (c) Nitrogen adsorption—desorption isotherm of the CVO; (d) The
pore size distribution of CVO.
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Fig. S8 Galvanostatic charge-discharge curves of CVO at 0.01 A g™".
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Fig. S9 (a-b) SEM image of CVO/CNT-rGO electrode after 1000 cycles as the cathode. (c-d) SEM
image of CVO electrode after 1000 cycles as the cathode.



Fig. S10 (a) TEM image of CVO/CNT-rGO electrode after 1000 cycles. (b) HRTEM image of
CVO/CNT-rGO electrode after 1000 cycles. (c)TEM image of CVO electrode after 1000 cycles.
(d) HRTEM image of CVO electrode after 1000 cycles.
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Fig. S11 (a) Pristine separator and (b) separator after 100 cycles of the CVO. (c) Pristine separator
and (d) separator after 100 cycles of the CVO/CNT-rGO.
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Fig. S12 (a) Log(7) versus log(v) plots of four redox peaks in CV curves; (b) Pseudocapacitance
contribution of CVO/CNT-rGO at various scan rates; (c) Capacitive contribution of CVO/CNT-
rGO at 1 mV s7'; (d) The GITT curves of the CVO and CVO/CNT-rGO at 0.05 A g'!; (¢) Zn**
diffusion coefficients (Dzs>") comparison between CVO and CVO/CNT-rGO.
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Fig. S13 The GITT curves of the CVO/CNT-rGO at 0.05 A g%,
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Fig. S14 (a) Comparison of typical charge/discharge curves of CVO/CNT-rGO electrode in

different electrolytes; (b) Comparison of cycling performance of CVO/CNT-rGO electrode in

different electrolytes.
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Fig. S15 (a) TEM image of CVO/CNT-rGO during the first discharging cycle. ())HRTEM image
of CVO/CNT-rGO during the first discharging cycle.
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Fig. S16 (a) The film of CVO/CNT-rGO; (b) The bending capacity of the film; (c-d) SEM images
of the film of the CVO/CNT-rGO.



Table S1 The ICP results of the CVO.

ICP Cr \%

CvVO Mass percent 11.6075 % 30.6506 %

Molar ratio 1 2.7

Table S2 The Organic element analysis (C/H/O/N/S) results of the CVO.

C H (0 N
CVO  Mass percent  0.16 % 1.923%  25.893 % 0.06 %
Molar ratio / 1 0.84 /

Table S3 The stoichiometry ratio of the CVO (CrV,0, nH,0).

Sample X y // n

CVO 1 2.7 4.36 2.85




Table S4 Comparison of CVO/CNT-rGO with the vanadium-based cathode materials in AZIBs.

Specific

Materials Cycle number Capacity Reference
capacity retention
Nao33V20s 250mAhgtat 1000 (1A g 93% 1
02A¢"!
Z1025V205 nHL,0 282mAhg™ 1000 (2.4A g 80.0% 2
at0.3Ag’!
217.8mAh g ! at
CuVOH@CC 1A S0 2000(1Ag7 53.8% 3
1Ag
~1
KMgVOH 408 mAhg™at 5400 (4 A g 1) 72.0% 4
0.1A g™
~1
bilayer-VOP 313.6mAh g 2000 (5A g™ 76.8% 5
at0.1A g
MnV 12031 10H,0 433mAhglat 500034 81.47% 6
0.1Ag!
~1
Crvo3 188.8 mAh g 1000 (4 A g ™) 76% 7
at0.5Ag!
Zn3V30s 285mAhglat 5500 (54 g1 72.6% 8
0.1Ag!
ZnO@VOH 365mAhglat 1500 (5 g 71% 9
05Ag!
CaogVsOn3.5H,0  400mAhglat 55505 A o) 74% 10
0.1Ag!
FesVisOs(OH)OH,0 385 mAh gzl b 500(5Ag") > 80% 1
0.1Ag
K>VOi6:2.7H20 237TmAhglat 5006401 82% 12
05A¢g!
~1
MnVO 415mAhg™at 500 4 A g1 92% 13
0.05Ag"
~1
VS 1903 mAh g™ 200 (0.5A ¢ 98% 14
at 0.05A g
VO,@VaC 190mAhgtat 1900 (54 g1 81% 15
02Ag!
V6013nH>0 395mAhgtat 1500 (5A g 87% 16
0.1Ag!
AIVOH/IGO 384mAhglat 13004 A g1 - 17

0.1Ag!



~1
CVO/CNT-rGO 397.3 mAh g 1000 (5A g™ 87% This work
at0.1A g
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