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Experimental details 

Measurements of ionic conductivity 

The ionic conductivity σ of PVA/G gel electrolyte at different temperatures can be estimated by EIS 

on a VSP-300 electrochemical workstation (Bio-Logic) with an AC amplitude of 5 mV in the 

frequency ranging from 100 kHz to 0.01 Hz: 

𝜎 =
𝐿

𝑅𝑆
    (1) 

where L and S are the thickness and area of the gel electrolyte, and R (Ω) represents the bulk resistance 

determined from the intercept of Nyquist plots with the real axis. 
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Supplementary figures 

 

 
Fig. S1 XRD pattern of V2O5 raw material. 

 

 

 

 

Fig. S2 TGA curve of δ-MgVO in the Ar atmosphere. 

 



 4 / 19 
 

 
Fig. S3 (a, b) SEM images of V2O5 raw material. 

 

 

 

 

Fig. S4 SEM-EDX mapping images of δ-MgVO. 
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Fig. S5 SEM images of δ-MgVO electrodes: (a, b) before cycles and (c, d) after 5,000 cycles. 
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Fig. S6 (a) CV curves of δ-MgVO at scan rates from 0.2 to 1.0 mV s–1. (b) log (i) vs. log (ν) for 

different redox peaks in the CV curves. (c) capacity contribution analysis of δ-MgVO at 0.2 mV s–1. 

(d) contribution ratios of diffusion-controlled and pseudocapacitive capacities of δ-MgVO at each scan 

rate. 

Fig. S6a shows CV profiles of δ-MgVO at scan rates from 0.2 to 1.0 mV s–1. These profiles display 

two couples of redox peaks, whose shapes are similar with increasing the scan rate. The general 

relationship between the peak current (i) and scan rate (ν) can be described using the following 

equation if assuming that i obeys a power-law relationship with ν:1 

𝑖 = a𝜈b   (2) 

Generally, the b value of 0.5 and 1.0 represents diffusion-controlled and pseudocapacitive charge 

storage, respectively. The b values associated with four redox peaks of δ-MgVO are fitted to be 0.66, 

0.97, 0.86, and 0.95 (Fig. S6b), indicating the charge storage of δ-MgVO is dominated by the 
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pseudocapacitive intercalation of electrolyte ions.2-4 Furthermore, the current response i(V), can be 

quantitatively divided into capacitive (k1ν) and diffusion-controlled (k2ν
1/2) parts using the following 

equation: 

𝑖(𝑉) = 𝑘1𝜈 + 𝑘2𝜈
1/2   (3) 

By determining k1, it is possible to calculate the fraction of current that arises from pseudocapacitive 

intercalation as a function of the potential. For instance, in Fig. S6c, at a scan rate of 0.2 mV s–1, the 

shaded area represents the pseudocapacitive contribution, illustrating that the capacitor-like charge 

storage behavior in δ-MgVO occurs up to 62.2%. Fig. S6d displays the diffusion-controlled and 

capacitive contributions to the i(V) at various scan rates. The capacitive contribution ratio increases 

from 62.2% to 81.6% with the scan rate increasing from 0.2 to 1.0 mV s–1, confirming that the redox 

process of δ-MgVO is dominated by the pseudocapacitive intercalation, which contributes to great rate 

capability of δ-MgVO reflected in Fig. 2a. 
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Fig. S7 GITT measurement results of δ-MgVO: (a) charge/discharge curves, (b) schematic illustration 

of a selected single step of the GITT curve during charging, (c) the linear relationship between ∆Eτ 

and τ1/2, and (d) the corresponding Zn2+ diffusion coefficients. 

During the GITT measurement, a current pulse (50 mA g–1) of 1,200 s followed by 3 h relaxation was 

applied repeatedly (Fig. S7a). The DZn
2+ of δ-MgVO could be calculated according to the following 

equation since ∆Eτ has a linear relationship with τ1/2 (Fig. S7b,c): 

𝐷Zn2+ =
4

𝜋𝜏
(
𝑛M𝑉M

𝑆
)2(

∆𝐸s

∆𝐸𝜏
)2    (4) 

where τ is the constant current pulse duration (1,200 s); nM and VM are the moles and molar volume of 

δ-MgVO, respectively; S is the geometric area of δ-MgVO electrode; and ∆Es and ∆Eτ are the change 

in the steady state voltage and the overall cell voltage regardless of the IR-drop during a single GITT 

pulse, respectively. The calculated DZn
2+ values of δ-MgVO at different states are plotted in Fig. S7d. 
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Fig. S8 FTIR spectrum of the dried PVA/G gel electrolyte. 

The bands at around 3233, 1656, 1441, 1337, 1100, and 589 cm–1 are ascribed to the O–H stretching, 

O–H bending, symmetric CH2 bending, CH2 wagging, C–O stretching, and C–C stretching, 

respectively. 
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Fig. S9 XRD pattern of the dried PVA/G gel electrolyte. 

The broad peak centered at around 18.1o is assigned to the (101) semi-crystalline plane of PVA. 

 

 

 

 

Fig. S10 Tensile σ-ε curve of PVA/G gel electrolyte. 
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Table S1. The ionic conductivity comparison of PVA/G gel electrolyte in this work with recently 

reported gel electrolytes for AZIBs. Unless specified, the ionic conductivity values from the literature 

were obtained at R.T.. 

Gel electrolyte Ionic conductivity (mS cm–1) Ref. 

PVA/G 

18.2 at 25 °C 

14.3 at 0 °C 

10.7 at –30 °C 

This work 

PVA 12.6 [5] 

PVA-COOH 25.8 [6] 

EG-waPUA/PAM 
16.8 at 25 °C 

14.6 at –20 °C 
[7] 

PAM 
9.1 at 25 °C 

1.5 at –15 °C 
[8] 

Xanthan gum 
16.5 at R.T. 

2.5 at –8 °C 
[9] 

HPE 17.6 at R.T. [10] 

Fumed silica 8.1 [11] 

PEO 2-4 [12] 

PEO/PPO 6.33 [13] 

Guar gum 10.7 [14] 

Gelatin 6.1 [15] 

PVDF-HFP 3.8 [16] 

 

  



 12 / 19 
 

 

Fig. S11 SEM image of the freeze-dried PVA/G gel electrolyte. 

 

 

 

 

Fig. S12 The weight retention of PVA/G gel electrolyte in the air atmosphere at different temperatures. 
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Fig. S13 Photograph of measuring the thickness of a thin-film PVA/G Zn//δ-MgVO battery with a 

micrometer caliper. 

 

 

 

 

Fig. S14 (a) Rate performance of δ-MgVO in 1 M Zn(CF3SO3)2 liquid electrolyte at current densities 

from 0.1 to 5 A g–1 at 0 °C and (b) the corresponding GCD curves. 
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Fig. S15 (a) Photographs of Zn foils at pristine state, with liquid electrolyte after 5,000 cycles, and 

with PVA/G gel electrolyte after 5,000 cycles. SEM images of (b) pristine Zn foil, (c) Zn foil with 

liquid electrolyte after 5,000 cycles, and (d) Zn foil with PVA/G gel electrolyte after 5,000 cycles. 
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Fig. S16 XRD patterns of the Zn foils at pristine state and after 5,000 cycles with different electrolytes. 
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Fig. S17 Self-discharge tests of Zn//δ-MgVO batteries: (a) with PVA-G gel electrolyte and (b) with 

liquid electrolyte. 

The batteries were charged/discharged for five cycles at 0.1 A g–1, followed by 24 h rest, and then 

continued to be cycled at the same current density. The open-circuit potential (OCP) of PVA/G battery 

and liquid-electrolyte battery drops to 1.470 and 1.303 V after the 24 h rest, respectively, indicative of 

slow self-discharge behavior. What’s more, the PVA/G battery shows slower self-discharge behavior 

than the liquid-electrolyte battery. And the lost capacity is recoverable in the subsequent cycles. These 

results further confirm high reliability of our PVA/G battery. 
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Fig. S18 GCD curves of the thin-film PVA/G Zn//δ-MgVO battery at different bending angles  

(corresponding to the cycling-performance test in Fig. 6a). 

 

 

 

 

Fig. S19 Nyquist plots of the thin-film PVA/G Zn//δ-MgVO battery after 100th, 200th, and 300th cycles 

at different bending angles (corresponding to the cycling-performance test in Fig. 6a).  
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Supplementary videos 

 

Video S1 Demonstration of a thin-film PVA/G Zn//δ-MgVO battery powering an electric fan under 

repeated bending. 

 

Video S2 Demonstration of a PVA/G Zn//δ-MgVO battery sealed in solid ice (taken out from a –30 °C 

high-low temperature chamber) powering an electric timer. 
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