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1. Experimental section

Preparation of d-VOH@CT

The d-VOH@CT heterostructure was synthesized by the natural oxidation effect. First, the
natural cotton textile (TX304, TexWipe) was coated by a V2Os layer using the atomic layer
deposition (ALD) method. Vanadium(V) oxytriisopropoxide (V(O)(OCH(CHs).)s, VTIP, Sigma-
Aldrich) heated to 70 °C and H20 were employed as precursors. The ALD process condition
was optimized and set in the exposure mode with 1 s pulse, 20 s exposure, and 30 s purging
of VTIP, followed by the same recipe for H.O for each ALD cycle at a constant N flow rate of
30 sccm. The temperature and pressure of the ALD chamber (S100, Savannah, Cambridge
NanoTech Inc.) were setto 150 °C and ~0.1 Torr, respectively. The thickness of the V,0s layer

was controlled by the number of the ALD cycle. The growth rate of V.Os on a reference Si
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substrate was measured as 0.4 A/cycle. Next, the V.Os-coated cotton textiles with various
V205 thicknesses were annealed at 900 °C for 1 minute to obtain VC/V.0;@CT. Subsequently,
the VC/V.0;@CT sample was exposed to the air at room conditions for the desired time.
Among various samples, the one exposed to the air for 30 days showed the most noteworthy

changes, which were denoted as d-VOH@CT and used for further characterizations.

Synthesis of VOH

VOH was prepared by hydrothermal method. Briefly, 3 mmol V205 was dissolved into the
mixture of 30 ml deionized water and 1 ml hydrogen peroxide to form an orange solution.
Subsequently, 1 ml anhydrous ethanol was added to the orange solution. The solution was
transferred into a 50 ml Teflon-lined stainless-steel autoclave and maintained at 160 °C for 5 h.
After cooling down to room temperature naturally, the product was collected and washed with

deionized water and dried in a vacuum at room temperature overnight.

Material characterization

SEM (JSM-7800F, JEOL) equipped with energy-dispersive x-ray spectroscopy (EDX) (Oxford
AZtec® EDX system) was used to investigate the analysis of the morphology and the element.
TEM (JEM-ARM200F, JEOL) was employed to characterize the microstructure of samples.
XRD spectra were collected using an Empyrean diffractometer (PANalytical with Cu Ka (A =
1.5418 A)). The FTIR spectra were obtained with a Nicolet 6700 FTIR spectrometer. X-ray
photoelectron spectroscopy was performed using MultiLab 2000 (Thermo Fisher Scientific
with an Al Ka X-ray source). Thermogravimetric analysis (TGA) was conducted on a Shimadzu
TGA-50 instrument in the air under a temperature ramping rate of 10 °C min* from room

temperature to 500 °C.

Electrochemical measurements:
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The d-VOH@CT heterostructure was directly used as the binder-free cathode. In the case of
VOH, it was mixed with carbon and polyvinylidene fluoride in a ratio of 7:2:1 with N-methyl-2-
pyrrolidone, followed by grinding for at least 30 min to obtain a slurry. The slurry was then
coated onto CT, which was prepared by removing d-VOH on d-VOH@CT by HCI, and dried
at 80 °C overnight. Zn metal foil and glass fiber were used as anode and separator,
respectively. A 2 M ZnSO,4 aqueous solution was used as the electrolyte. The cycling
performance was evaluated using a Wonatech battery cycler with a voltage range from 0.2 to
1.6 V at room temperature. The coin cell was activated for three cycles at 0.1 A g before
long-term cycling at 1.0 A g* and 5.0 A g*. Electrochemical impedance spectroscopy (EIS)
data were collected with an electrochemical workstation (VPS, Bio-Logic Science Instruments)
in the frequency range of 100 kHz to 0.01 Hz. Specific capacity values were calculated based
on the mass loading of the active materials. The mass of d-VOH in the d-VOH@CT
heterostructure was determined by the weight difference of 1-cm? material before and after

removing d-VOH by HCI (~2.06 mg cm™).

Measurements of GITT

The GITT measurements were performed by repeatedly applying the current density of 0.1 A
g™ for 20 min, followed by a 20-min rest step to reach the equilibrium until the voltage reached
0.2 V. The diffusion coefficients of Zn?* ion were calculated from the obtained GITT curves

using the following equation:

412 (AEg\*
=)
Tt \AE;

where D, I, t, and t are the diffusion coefficient, the Zn?* diffusion length, the duration time
of the current pulse, and the relaxation time, respectively. AEs is the voltage change in the
over cell voltage upon a current pulse, and AE; is the voltage change among the last and

current steady-state voltage.
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2. Supporting figures

Figure S1. Digital photo of the VC/V.0:@CT and the d-VOH@CT.
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Figure S2. a-e) SEM images showing the morphology of samples exposed to air for 0 days,

10 days, 20 days, 30 days, and 40 days, respectively. f) Corresponding XRD patterns.
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Figure S3. SEM images showing VC/V.03; nanoparticles embedded in the porous CT. The

sample was prepared by annealing the cotton textile coated with 10-nm V;0s.
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Figure S4. SEM image of porous CT after removing d-VOH.
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Figure S5. Representative galvanostatic discharge/charge profiles of the samples exposed to

the air for 0 days, 10 days, 20 days, 30 days, and 40 days. The capacities of samples exposed

to air for 30 and 40 days are similar, indicating the precursor materials are likely completely

oxidized after 30 days.
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Figure S6. High-resolution TEM images showing (a) the interlayer spacing and (b) lattice

distortion of d-VOH.
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Figure S7. TGA curves of d-VOH@CT and VOH.
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Figure S8. FTIR spectra of d-VOH@CT and VOH. The inset shows enlarged FTIR spectra at

wavenumber from 650 to 800 cm™.
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Figure S9. Galvanostatic discharge/charge profiles of the d-VOH@CT cathode at various

current densities.
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Figure S$10. Capacity contribution of the CT. a) CV curves of CT and d-VOH@CT at 0.1 mV
s'1. b) Galvanostatic discharge/charge profiles of the CT cathode at the current density of 0.1
Agl
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Figure S11. a-b) The morphology of the Zn anode before and after cycling. c) The change in
the cycling performance of the d-VOH@CT after replacing the cycled Zn anode with a new Zn
anode. d) Cycling performance of the d-VOH@CT from the 900™ cycle to the 1000™" cycle. e)

Cycling performance of the d-VOH@CT from the 1001t cycle to the 1100™" cycle.
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Figure S12. Cycling stability at (a) 0.05 A g* and (b) 0.1 A g* of the d-VOH@CT and VOH

cathodes.
a) os b) os
= - Peak| = = Peakl
o 0.6 Peak Il o 061 Peak Il
< s Peak Il <
E 049 | peakiv E 044
3 3
€ 0.2 € 021
= =
5 0.0 S 004
[& ] [&]
= b4
E'M 1 —— =099 E_'M I —b=093
~_0.44 b=093 ~_0.4 k=082
31 ——b=0.85 g‘: —b=0.72
= 0.6 ——b=0.90 -1 05 ——b=085
10 08 06 04 02 00 10 08 06 04 02 00
Log (scan rate, mV s™) Log (scan rate, mV s™)

Figure S13. Plots of log (i) versus log (v) at specific peak currents extracted from the CV scans

of (a) d-VOH@CT and (b) VOH.
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Figure $14. SEM image of d-VOH@CT after cycling.
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Figure S15. Digital photos of two flexible pouch cells in series.
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Table S1. XRD analysis results of (002) peak.

Interlayer

Sample 20 (°) FWHM (2Y)
spacing (A)
d-VOH@CT 6.47 13.66 1.68
VOH 6.54 13.51 0.52

Table S2. Percentage of chemical state in the V element calculated from XPS spectra (unit: %).

Bond VOH d-VOH@CT
\ass 15.1 27.3
Vo* 84.9 72.7

Table S3. Percentage of chemical state in the O element calculated from XPS spectra (unit: %).

Bond VOH d-VOH@CT
0-V 83.2 66.0
o-C 0 9.1

Oq 10.1 20.4
O-H 6.7 4.5
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Table S4. Electrochemical performances of recently reported vanadium-based Zn-ion battery

cathode materials.

Material Specific capacity Cycle performance Ref.

282 mAh g'at0.3Ag"’
Zno.25V20s- nH20 80% retained after 1,000 cycles at 2.4 A g™’ 1
183 mAhgtat6 Ag?

213 mAhgtat0.05Ag?
Zn3V207(0OH)2-2H20 68% retained after 300 cycles at 0.2 A g™’ 2
54 mAhglat3Ag?

248 mAh gt at 0.05 A g?
a-Zn2V207 85% retained after 1,000 cycles at 4 A g’ 3
170 mAh glat4.4 Ag?

401 mAhgtat0.2 Ag?
0q-VO 86% retained after 2,000 cycles at 2 A g™ 4
279 mAhglat2 Ag?

414 mAhgtat0.1 Ag?
H-VO2 70% retained after 3,000 cycles at 5 A g’ 5
200 mAhgtat5Ag?

471 mAhgtat0.1Ag?
C0O2-V6O13 80% retained after 4,000 cycles at 2 A g™ 6
175mAhglat 10 Ag?

394 mAhgtat0.1Ag?
VO2 81.2% retained after 1,200 cycles at 3 A g™ 7
178 mAhgtat3Ag?

437 mAhgtat0.1Ag?
AgxV307-H20@rGO 72% retained after 1,000 cycles at 2 A g™ 8
170mAhgtat2 Ag?

380 mAhgtat0.1Ag?
NaV30s-1.5H20 82% retained after 1,000 cycles at 4 A g™’ 9
165mAhgtat5Ag?

362 mAhgtat0.5Ag?
C@V20s 72% retained after 5,000 cycles at 0.5 A g 10
98 mAhglat5Ag?

318 mAhgtat0.1Ag?
Cuo.95V205 92% retained after 1,000 cycles at 5A g™ 11
195 mAhgtat5Ag?

410 mAhgtat0.2 Ag?
NH4V4010-0.28H20 76% retained after 500 cycles at 2 A g™’ 12
112 mAh gtat10 Ag?

371 mAhgtat0.2Ag?
porous V205 73% retained after 1,000 cycles at2 A g™’ 13
234 mAhgtat5Ag?

416 mAhglat0.1Ag? This

d-VOH@CT 88% retained after 2,000 cycles at 5A g
168 mAh gtat10A g work
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