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Experimental section

Synthesis of the rose-like PVO architectures

Firstly, 0.18 g V,0s is added to 40 mL aniline solution with a concentration of 8 mmol/L. Then,

after magnetic stirring for a few minutes, the pH of the mixed solution is adjusted to about 3 by

adding an appropriate amount of 0.1 mol/L HCl solution. After sonicated for 10 minutes, the mixed

solution is transferred to Teflon-lined stainless-steel autoclave and maintained at 120 °C for 24h.

After cooled to the room temperature, the precipitate is obtained via washing several times with

deionized water and absolute ethanol. Finally, the blue black rose-like PVO architectures are

obtained after dried in a vacuum oven at 60 °C for 24 h. For comparison, the annealed polyaniline-

vanadium oxide at various temperatures of 200 °C, 350 °C and 450 °C (PVO-200, PVO-350 and

PV0-450) are obtained by annealing with a heating rate of 5 °C min! in the air and cooled down to

room temperature naturally. In addition, the V,Os nanosheets are prepared by a reported method.!

0.36 g V,0s is dissolved in 5 mL H,0,. After stirring for several minutes, 30 mL deionized water

is added to form a mixture solution. Then the mixed solution is transferred into Teflon-lined

autoclave and kept at 190 °C for 20 hours. Finally, V,05 nanosheets are obtained by freeze-drying.
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Materials characterization

The phase and structure of the sample are characterized by powder X-ray diffraction (XRD) with
Cu K, radiation (A = 1.54178 A). The morphology of the sample and electrodes are divulged using
scanning electron microscope (SEM, JEOL, JSM-6700F) and high-resolution transmission electron
microscope (HRTEM) with X-ray element analysis system (EDS). Fourier transformation infrared
(FTIR) spectrum in the frequency range of 400—2000 cm™! is obtained using a Jasco FT/IR-6100
FT spectrometer (Jasco, Germany). Raman spectrum is measured by a micro-Raman spectroscopy
(Renishaw RM-1000, the excitation wavelength at 532 nm). Thermogravimetry analysis (TGA) is
conducted on a MTC1000 thermal analysis system from 25 to 800 °C with a heating rate of 5 °C
min~! under an air atmosphere. Furthermore, the chemical states of the sample are estimated by X-
ray photoelectron spectroscopy (XPS, ESCALAB 250Xi, Thermo Scientific). Ex-situ XRD and ex-
situ XPS analyses are carried out during different discharge-charge states at 100 mA g! and

between 0.4 and 1.6 V.

Electrochemical measurements

The active material (70 wt.%), conducting acetylene black (20 wt.%) and polyvinylidene fluoride
(PVDF) (10 wt.%) are dissolved in N-methyl-2-pyrrolidinone (NMP) to form a slurry. Then the
mixed slurry is spread on titanium foil current collector and dried for 12 hours in a vacuum condition
at 60 °C to form the cathode. Electrochemical measurements are tested with CR2032 coin-type cells.
The PVO architectures, zinc metal foil, glass fiber and 3 M Zn(CF;S0O;), mild aqueous solution as
cathode, anode, separator and electrolyte, respectively. The zinc-ion batteries are assembled at
ambient environmental conditions instead of at glove box. The rate capability, galvanostatic

charge/discharge performances and cycle performance of the batteries are tested by the multichannel



battery test system (LAND-CT2001A) between 0.4 and 1.6 V versus Zn?*/Zn at room temperature.
Cyclic voltammetry (CV, 0.1-1.0 mV s7!) are performed at varied scan rates (0.1-1.0 mV s™!), and
electrochemical impedance spectroscopy (EIS) measurements are tested with the frequency range

from 100 kHz to 0.01 Hz with an AUTOLAB electrochemical workstation at room temperature.

100 nm

100 nm

Fig. S1 SEM images of the annealed polyaniline-vanadium oxides (a) PVO-200; (b) PVO-350; (¢)

PV0-450 and (d) pristine V,0s, respectively.

O1s

(on

a O1s

V 2p

Intensity (a.u.)
(e}
Intensity(a.u.)

1200 1000 800 600 400 200 O 534 532 530 528
Binding energy (eV) Binding energy(eV)

Fig. S2 The survey-scan XPS spectrum (a) of the PVO architectures; (b) O 1s XPS spectrum.



10 um

C: “so

o
=3
I

Specific capacity (mAh 9‘1)
o B
? (=]

0 50 100 150 200 250 300
Cycle number

Fig. S3 (a and b) Typical SEM images of the V,05 nanosheets; (c) the long cycle performance of

the V,05 nanosheets.
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Fig. S4 (a) Rate capability and (b) discharge—charge curves at the current densities ranged from 0.5

to 20 A g71; (c) long cycle performance at 5 A g™! for 300 cycles of the PVO-350.

Rate performance and the galvanostatic profile show that the discharge specific capacities are 338.4,

324.8, 294.9, 251.0, 220.0, 184.5, 155.5, 120.8 and 111.1 mAh g! at 0.5, 1.0, 2.0, 4.0, 6.0, 8.0,

10.0, 15.0 and 20.0 A g!, respectively. The long-cycle curve exhibits that the capacity retention



rate of PVO-350 electrode is about 46.6% after 300 cycles, lower than the PVO electrode.
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Fig. S5 (a) The long-term cycling performances of the PVO-200, PVO-450 and pristine V,0s

electrodes at 5 A g~!. (b) The performance comparison among various electrodes at 100th cycle,

200th cycle and 300th cycle.

| —e— before cycling
500 - o after cycling /

0 200 400 600 800 1000 1200
Z'(Ohm)

Fig. S6 Nyquist impedance plots of the PVO electrode before and after 20 cycles.
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Fig. S7 (a) CV curves of the PVO electrode at various scan rates. (b) log (i) vs. log (v) plots at
specific peak currents; (c) CV curve and the pseudocapacitive contribution with a scan rate of 0.6

mV s7!; (d) bar chart of the percent of pseudocapacitive contribution at various scan rates.

Figure S7a presented the CV curves at various scan rates from 0.2 to 1.0 mV s™! within 0.4~1.6 V,
which is used to further investigate the electrochemical kinetics of the PVO electrode. Based upon
the relationship between the measured peak current ; (mA) and the scan rate v (mV s™!), there is an

equation:

i=ah €))

This equation can be converting to:

log(i) = log(a)+b*log(v) (2)

Among them, a and b are adjustable parameters. Evidently, the value of b is between 0.5 and 1.0,

and when the b-value tends to 0.5 means the diffusion-limited controlled is dominating in the



electrochemical process.? On the other hands, when the b-value close to 1.0 indicated the cathode

is mainly controlled by capacitive-limited process.> The b-value of the PVO electrode can be

obtained by calculation and fitting the data. Figure S7b showed the b-values of the discharge peak

1 and peak 2 are 0.79 and 0.94. Which means that the discharge storage mainly controlled by the

pseudocapacitance behavior. In order to further investigate the proportion of pseudocapacitance

contribution at various scan rates, the following equations can be employed:

i= k]V1/2+k2V (3)

V2 =k +iov!? “4)

Where the k; and k; are constants of a given potential. Meanwhile, k;v'” represents diffusion effects

and k,v means capacitive effects. The slopes of the v/ (V/s) versus i/v/? (mA/(V/s)) at various

potentials are presented in Figure S8. Then the pseudocapacitance contribution can be obtained by

analyzing the data. Figure S7¢ displays the pseudocapacitance contribution at 0.6 mV s™! scan rate.

The red shaded area represents the pseudocapacitance contribution. While as the scan rates

increases, the proportion of capacitance contribution in the electrochemical reaction gradually

increases. As can be seen in Figure S7d the pseudocapacitance contribution ratios are around 70%,

72.2%, 74%, 75.1%, and 83.2% at 0.2, 0.4, 0.6, 0.8 and 1.0 mV s7!, respectively. Thus, the

electrochemical kinetics of the PVO electrode is mainly controlled by the capacitive-limited

process. This result corresponds to fabulous rate performance of the electrode.
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Fig. S10 SEM images of the PVO electrode (a and b) after once discharged to 0.4 V; (c and d)

chargedto 1.6 V.



Fig. S11 (a,b and c) TEM images and (d) TEM-EDS mapping images (C, N, O V and Zn elements)

of the PVO electrode after discharged to 0.4 V.

Table 1 The capability performance of various reports.

Cathode material Electrolyte Testing voltage Capacity

V205t 3 M ZnSO, 04-14V 113mAhg'at2.0 A g
V205:nH,0° 3MZn(CFsS03),  0.2-1.6V 372mAhg'at03 A g!
Zn3V,0,(0H)-nH,0% 1 M ZnSOy4 02-18V 54mAhglat3.0A g
Nayg 33V,05 3M Zn(CFs80;),  02-1.6V 96.4 mAhg'at2.0 A g’!
Mg, V,05-nH,08 3M Zn(CFs80;),  0.1-1.8V 81 mAhg'at5.0A g
Na;VO16-3H,0° 1 M ZnSO,4 04-14V 277 mAhg'at3.0A g
V307-H01 1 M ZnSO,4 0.5-1.8V 275mAhg'at3.0A g
Zng25V,05:nH 0" 1M ZnSO, 0.5-1.4V 223 mAhglat4.5A g




VS4@rGO™ 1 M Zn(CF;80;),  0.35-1.8V 180 mAhg'at 1.0 A g!

Li,V,05-nH,013 2 M ZnSO, 04-14V 236 mAhg'at5.0 A g'!
Our work 3 M Zn(CF;S803), 04-16V 400 mAh g 'at5.0 A g!
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