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1. Calculation Formula

(1) The electrolyte uptake =  

𝑊𝑆 ‒𝑊𝑂

𝑊𝑜
× 100%

where WO and WS are the weights of the separator before and after it was soaked in 

the 2 M ZnSO4 electrolyte, respectively.

(2) Calculation of ionic conductivity: To build the cell, the two stainless steel 

electrodes were separated by the OPAN and GF soaked with 2 M ZnSO4 electrolyte. 

To achieve the resistance value, the EIS of the stainless steel/stainless steel cell was 

tested. Finally, the ionic conductivity (σ) is calculated using the equation:
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𝜎=
𝐿

𝑅 × 𝑆

Where L, R and S are the thickness of different separators, the resistance, and 

effective area.

(3) Calculation of ion transference number: To measure the ion transference number 

(τ), symmetric cells with different separators were assembled. The τ was determined 

using the CA and EIS tests, as well as the following formula:

𝜏=
𝐼𝑠(∆𝑉 ‒ 𝐼𝑂𝑅𝑂)

𝐼𝑂(∆𝑉 ‒ 𝐼𝑆𝑅𝑆)

Where the IO and IS are the initial and steady-state currents in the CA test, 

respectively. ∆V is the constant potential (25 mV). RO and RS are the interface 

impedances before and after the CA test, respectively.

2. Supporting Figures

Figure S1 Scheme of conjugate planar structure generated by oxygen-induced 

intermolecular dehydrogenation reaction.



Figure S2 Optical photograph of PAN membrane.

Figure S3 The flexibility of OPAN membrane.

Figure S4 The thickness of OPAN and GF membranes.



Figure S5 The water contact angles (a) and the electrolyte uptake (b) of OPAN and 

GF membranes.

Figure S6 (a) EIS curves of stainless/OPAN/stainless cell and stainless/GF/stainless 

cell; (b) corresponding ionic conductivities of OPAN and GF.



Figure S7 I–t curves of OPAN (a) and GF (b) at 25 mV potential and their 

corresponding EIS spectra before and after polarization.

Figure S8 Electrostatic interaction of OPAN separator and Zn.

Figure S9 The XRD pattern of Zn anode after cycling using PAN separator.



Figure S10 The XRD pattern of Zn anode after cycling using OPAN and GF separator.

Figure S11 Polarization voltage of Zn symmetric batteries with OPAN and GF 

separators at current densities of (a) 1 mA·cm–2 and (b) 10 mA·cm–2.



Figure S12 Cycling stability of Zn symmetric batteries with PAN separator at (a) 1 

mA·cm–2, 1 mAh·cm-2; (b) 10 mA·cm–2, 1 mAh·cm-2; (c) 10 mA·cm–2, 5 mAh·cm-2; 

(d) 10 mA·cm–2, 10 mAh·cm-2.

Figure S13 Cycling stability of Zn symmetric batteries with OPAN and GF separators 



at 10 mA·cm–2, 5 mAh·cm-2.

Figure S14 Optical photograph and SEM of (a) OPAN separator, (b) GF separator and 

(c) PAN separator after cycling at 10 mA·cm–2, 10 mAh·cm-2.

Figure S15 Optical photograph and SEM of GF separator.



Figure S16 Voltage-capacity profiles of the Cu//Zn cell with the OPAN (a) and GF (b) 

separators.

Figure S17 The XRD result of Cu current collector of Cu/OPAN/Zn and Cu/GF/Zn 

cells after 150 cycles.



Figure S18 Voltage-time profiles of Zn//Cu cells with OPAN and GF separators.

Figure S19 The XRD pattern of MnO2 (inset is the SEM of MnO2).



Figure S20 The Short circuit of MnO2/GF/Zn battery at 975th cycle.

Figure S21 Optical photograph of OPAN (a) and GF (b) after the full battery 

durability test.

Figure S22 The SEM images and optical photograph (inset) of Zn using OPAN 

separator (a) and GF separator (b) after the full battery durability test.



3. Supporting Tables

Table S1 Performance comparison of Zn anodes between this work and reported 

studies.

Separator Thickness 

(μm)

Ionic 

conductivity 

(mS·cm-1)

Zn2+ 

transference 

number

Lifespan of 

Zn//Zn cell

Reference

OPAN 100 12.6 0.955 1300 h

1 mA·cm-2

1 mAh·cm-2

This work

PAN-S 30 3.32 350 h

0.5 mA·cm-2

0.25 

mAh·cm-2

[1]

PAN 69 4.5 0.85 800 h

0.283 

mA·cm-2

0.283 

mAh·cm-2

[2]

GF@VG 200 250 h

1 mA·cm-2

1 mAh·cm-2

[3]



GF@N-doped 

carbon

0.57 1100 h

1 mA·cm-2

1 mAh·cm-2

[4]

GF@GO 13.942 500 h

2 mA·cm-2

[5]

lignin@Nafion 9.1 410 h

0.6 mA·cm-2

0.226 

mAh·cm-2

[6]

cellulose/g-

C3N4

70 3.05 0.45 590 h

3 mA·cm-2

1 mAh·cm-2

[7]

cellulose/GO 30 1.99 1750 h

0.5 mA·cm-2

0.25 

mAh·cm-2

[8]

Table S2 The electrochemical performance of MnO2//Zn cells with different DOD of 

Zn.

Separator Cathode 

mass 

loading 

Cathode 

specific 

capacity 

Corresponding 

weight of 

consumed Zn 

Actual 

weigh of 

Zn (mg)

DOD/%



(mg) (mAh·g-1) (mg)

5.70 153.28 1.15 5.436 21.2

11.50 139.83 2.12 5.308 39.9

OPAN

17.58 122.50 2.83 5.389 52.5

5.66 111.49 0.83 5.395 15.4

12.08 102.00 1.62 5.400 30.0

GF

17.65 93.56 2.17 5.375 40.4
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