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Supplementary Figures and Tables 

 

Fig. S1 Top-view and cross-sectional SEM images of MgF2-coated Zn metal with sputtering 

times of (a) 5 min (Zn@L-ZMF-13) and (b) 20 min (Zn@L-ZMF-40) 
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Fig. S2 Schematic illustration of (a) radio frequency sputtering system and (b) interdiffusion 

mechanism of Zn doping into deposited MgF2 layer 

 

Fig. S3 X-ray photoelectron spectroscopy (XPS) spectra of (a) Zn 2p, (b) Mg 1s, and (c) F 1s 

of Zn@L-ZMF-25 at depths of 2, 15, 25, and 32 nm. (d) Schematic of the respective depths 

 

Fig. S4 Depth profiles of MgF2-coated Zn metals with sputtering times of (a) 5 min (Zn@L-

ZMF-13) and (b) 20 min (Zn@L-ZMF-40) 

http://springer.com/40820


Nano-Micro Letters 
 

 

S3 /S14 

 

 

 

Fig. S5 Nyquist plots of symmetric cells with (a) pristine Zn, (b) Zn@L-ZMF-13, (c) Zn@L-

ZMF-25, and (d) Zn@L-ZMF-40 electrodes before and after polarization 

Note for Fig. S5: The Zn ion transference number (𝑡𝑍𝑛2+) was calculated via the Bruce–

Vincent equation (Eq. S1). 

𝑡𝑍𝑛2+ =  
𝐼𝑆 (∆𝑉 − 𝐼0𝑅0)

𝐼0 (∆𝑉 − 𝐼𝑆𝑅𝑆)
                       (S1) 

where I0 and IS are the initial and steady-state currents, respectively. ΔV is the applied voltage 

of 25 mV. R0 and RS are the initial and steady-state resistances, respectively. The transference 

number is employed to compare the kinetics of Zn ion transfer at the interface between an 

aqueous electrolyte and a Zn metal electrode. 

 

Fig. S6 (a) Galvanostatic cycling of symmetric cells at a current density of 1.0 mA cm-2 with 

an areal capacity of 1.0 mAh cm-2. (b) Top-view SEM images of pristine Zn, Zn@L-ZMF-13, 

Zn@L-ZMF-25, and Zn@L-ZMF-40 electrodes after 25 galvanostatic cycles at a current 

density of 1.0 mA cm-2 with an areal capacity of 1.0 mAh cm-2 
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Fig. S7 Thicknesses of (a) newly assembled cell and symmetric cells with (b) pristine Zn and 

(c) Zn@L-ZMF-25 electrodes after 250 galvanostatic cycles at a current density of 1.0 mA 

cm-2 with an areal capacity of 1.0 mAh cm-2 

 

Fig. S8 (a) Photographs and (b) X-ray diffraction (XRD) patterns of the used glass fiber filter 

separators in the symmetric cells with (left) pristine Zn and (right) Zn@L-ZMF-25 electrodes 

after 250 galvanostatic cycles at 1.0 mA cm-2 with an areal capacity of 1.0 mAh cm-2 

 

Fig. S9 Nyquist plots and equivalent circuit model for symmetric cells with the pristine Zn 

and Zn@L-ZMF-25 electrodes before the cycling test 
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Fig. S10 Nyquist plots of symmetric cells with (a) pristine Zn and (b) Zn@L-ZMF-25 

electrodes under various temperatures 

 

Fig. S11 Gaussian fitting of XPS spectra at the surface of pristine Zn metal electrodes after 

250 galvanostatic cycles at a current density of 1.0 mA cm-2 with an areal capacity of 1.0 

mAh cm-2 

 

Fig. S12 Top-view SEM images of (a, b) pristine Zn and (c, d) Zn@L-ZMF-25 electrodes 

before and after 250 galvanostatic cycles at a current density of 1.0 mA cm-2 with an areal 

capacity of 1.0 mAh cm-2 (insets: photographs of the pristine Zn and Zn@L-ZMF-25 

electrodes before and after galvanostatic cycling) 
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Fig. S13 Expanded cross-sectional TEM images of Zn@L-ZMF-25 electrodes (a) after Zn 

plating and (b) after stripping of plated Zn 

 

Fig. S14 Coulombic efficiency (CE) of Zn plating and stripping on pristine Ti and Ti@L-

TMF-25 electrodes at a current density of 1.0 mA cm-2 
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Fig. S15 (a) Voltage profiles of the galvanostatic cycling of symmetric cells with pristine Zn 

and Zn@L-ZMF-25 electrodes at various current densities with a constant areal capacity of 

1.0 mAh cm-2. Expanded voltage profile at a current density of (b) 3.0 and (c) 5.0 mA cm-2. 

(d) Long-term Zn plating and stripping performance of symmetric cells with pristine Zn and 

Zn@L-ZMF-25 electrodes at a current density of 10.0 mA cm-2 with an areal capacity of 1.0 

mAh cm-2 

 

Fig. S16 Long-term Zn plating and stripping performance of symmetric cells with pristine Zn 

and Zn@L-ZMF-25 electrodes in 1 mol L-1 ZnSO4 electrolyte at a current density of 1.0 mA 

cm-2 with an areal capacity of 1.0 mAh cm-2 

 

Fig. S17 (a) XRD pattern, (b, c) TEM images, and (d) fast Fourier transform (FFT) pattern of 

the synthesized α-MnO2 
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Fig. S18 Cyclic voltammetry curves of Zn/MnO2 cells with (a) pristine Zn and (b) Zn@L-

ZMF-25 anodes at various scan rates 

 

Fig. S19 Capacitive and diffusion-controlled behaviors of the pristine Zn/MnO2 cell at 

different scan rates 
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Fig. S20 Capacitive and diffusion-controlled behaviors of the Zn@L-ZMF-25/MnO2 cell at 

different scan rates 

 

Fig. S21 Galvanostatic intermittent titration technique (GITT) and diffusion coefficient 

curves of Zn/MnO2 cells with (a) pristine Zn and (b) Zn@L-ZMF-25 anodes at a constant 

current of 50 mA g-1 for an interval time of 10 min and suspended time of 10 min in open-

circuit state 
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Note for Fig. S21: The diffusion coefficient was calculated using the GITT based on Eq. S2 

[S1]. 

D =
4𝐿2

𝜋𝑡
× (

∆𝐸𝑠

∆𝐸𝑡
)2                (S2) 

where L is the ion diffusion length (cm), which is generally identical to the thickness of the 

electrode, and t is the duration of the current pulse (s). △Et is the voltage change for the 

applied constant current excluding the iR drop, and △Es is the iR voltage drop due to the 

current pulse. 

 

Fig. S22 Bright/dark field TEM images with the corresponding elemental maps of the α-

MnO2 cathodes of Zn/MnO2 cells with (a) pristine Zn and (b) Zn@L-ZMF-25 anodes after 

3000 galvanostatic cycles 

 

Fig. S23 High-resolution TEM images with the corresponding FFT patterns of the α-MnO2 

cathode of Zn/MnO2 cells with (a, b) pristine Zn and (c, d) Zn@L-ZMF-25 anodes after 3000 

galvanostatic cycles 
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Table S1 Corrosion potential (Ecorr) and current (icorr) of the pristine Zn, Zn@L-ZMF-13, 

Zn@L-ZMF-25, and Zn@L-ZMF-40 cells 

 Pristine Zn Zn@L-ZMF-13 Zn@L-ZMF-25 Zn@L-ZMF-40 

Ecorr (V) -1.660 -1.655 -1.647 -1.647 

icorr (mA) 0.093 0.081 0.050 0.049 

Table S2 Charge transfer resistance (Rct) and transference number (𝑡𝑍𝑛2+) of the pristine Zn, 

Zn@L-ZMF-13, Zn@L-ZMF-25, and Zn@L-ZMF-40 electrodes 

 Pristine Zn 
Zn@L-ZMF-

13 
Zn@L-ZMF-25 Zn@L-ZMF-40 

Rct 

(Before polarization) 
1903 1459 1678 1927 

Rct 

(After polarization 

of 50th sec) 

1933 1470 1673 1911 

Rct 

(After polarization 

of 4000th sec) 

2100 1706 1492 1635 

𝒕𝒁𝒏𝟐+ 

(50th sec) 
0.406 0.537 0.488 0.410 

𝒕𝒁𝒏𝟐+ 

(4000th sec) 
0.295 0.380 0.454 0.385 

Table S3 Anodic resistances for interface (Rsf) and charge transfer (Rct) of symmetric cells with 

the pristine Zn and Zn@L-ZMF-25 electrodes at various temperatures 

Temperature (℃) 
Pristine Zn Zn@L-ZMF-25 

Rsf Rct Rsf Rct 

20 20.6 756.9 12.2 376.3 

30 5.48 353.6 2.36 190.0 

40 1.40 195.3 0.59 151.0 

50 0.29 114.7 0.22 93.1 

60 0.23 77.8 0.15 52.3 

70 0.15 40.2 0.12 36.4 

Table S4 Comparison of the reversibility of Zn plating and stripping in the Zn-based 

symmetric cell with those in recent literature 

Coating 

material 
Electrolyte 

Current 

density 

(mA cm-2) 

Areal 

capacity 

(mAh cm-2) 

Overpotential 

(mV) 
Cycling lifetime Refs. 

Porous ZnO 

2M ZnSO4/ 

0.1M 

MnSO4 

1.0 

5.0 

0.25 

1.25 

42 

43 

1000 cycles 

(5.0 mA cm-

2/1.25 mAh cm-2) 

[S1] 

Glass fiber@ 

Collagen 

hydrolysate 

1M ZnSO4 1.0 1.0 180 

29 cycles 

(1.0 mA cm-2/1.0 

mAh cm-2) 

[S2] 
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Polyamide/ 

Zn(SO3CF3)2 
2M ZnSO4 

0.5 

10.0 

0.25 

10.0 

100 

100 

8000 cycles 

(0.5 mA cm-

2/0.25 mAh cm-2) 

[S3] 

ZIF-8 2M ZnSO4 0.25 0.05 60 

425 cycles 

(0.25 mA cm-

2/0.05 mAh cm-2) 

[S4] 

Indium 2M ZnSO4 4.0 1.0 40 

800 cycles 

(4.0 mA cm-2/1.0 

mAh cm-2) 

[S5] 

H substituted 

graphdiyne 
2M ZnSO4 

1.0 

2.0 
0.1 

40 

60 

6000 cycles 

(0.5 mA cm-2/0.1 

mAh cm-2) 

[S6] 

Porous kaolin 

Al2Si2O5(OH)4 

2M ZnSO4/ 

0.1M 

MnSO4 

4.4 1.1 70 

1600 cycles 

(4.4 mA cm-2/1.1 

mAh cm-2) 

[S7] 

Mxene 

(Ti3C2Tx) 
2M ZnSO4 

0.2 

5.0 

0.2 

1.0 

47 

112 

400 cycles 

(0.2 mA cm-2/0.2 

mAh cm-2) 

[S8] 

ZrO2 2M ZnSO4 1.0 1.0 70 

3600 cycles 

(0.25 mA cm-

2/0.125 mAh cm-

2) 

[S9] 

ZnS 1M ZnSO4 2.0 2.0 49 

250 cycles 

(2.0 mA cm-2/2.0 

mAh cm-2) 

[S10] 

MgF2 thin film 

with gradual Zn 

doping 

(Zn@L-ZMF-

25) 

1M ZnSO4 1.0 

1.0 

17.2 500 cycles 

(1.0 mA cm-2/1.0 

mAh cm-2) 

8000 cycles 

(10.0 mA cm-

2/1.0 mAh cm-2) 

This 

work 

1M 

Zn(SO3CF3

)2 

0.5 

1.0 

3.0 

5.0 

10.0 

24.9 

27.2 

55.5 

69.3 

99.7 

Table S5 Comparison of capacity retention of the Zn/MnO2 cell with those in recently 

published papers 

Anode Cathode Electrolyte 

Workin

g 

voltage 

(V) 

Current 

density 

(A g-1) 

Initial 

specific 

capacity 

(mAh g-1) 

Capacity 

retention 

(Cycle 

number) 

Refs. 

Zn@CNT CNT-

MnO2 

@PEDO

T 

2M ZnSO4/ 

0.4M 

MnSO4 

1.0–1.8 2.3 187.0 88.7% 

(1000) 

[S11] 
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Zn@PA-

Zn(CF3SO3)2 
α-MnO2 

2M ZnSO4/ 

0.1M 

MnSO4 

0.8–1.8 2.0 141.0 
88.0% 

(1000) 

[S3] 

Zn foil 
Zn2+ 

installed 

α-MnO2 

2M ZnSO4/ 

0.1M 

MnSO4 

1.0–1.9 3.0 115.8 
72.8% 

(2000) 

[S12] 

Zn@ZnO α-MnO2 
2M ZnSO4/ 

0.1M 

MnSO4 

0.8–1.8 1.0 100.0 
88.2% 

(1000)[ 

[S1] 

Zn foil 
α-MnO2-

TiN/TiO

2 

1M 

Zn(CH3CO2

)2/ 

31M 

K(CH3CO2) 

0.8–2.0 0.1 304.6 
79.7% 

(600) 

[S13] 

Zn@ZnS 
Carbon 

cloth 

@α-

MnO2 

1M ZnSO4/ 

0.1M 

MnSO4 

1.1–1.8 1.54 125.8 
87.6% 

(2500) 

[S10] 

Zn@Kaolin 

(Al2Si2O5(OH)4

) 

α-MnO2 
2M ZnSO4/ 

0.1M 

MnSO4 

0.8–1.8 0.5 217.1 
87.5% 

(600) 

[S7] 

Zn@L-ZMF-

25 
α-MnO2 

1M 

Zn(SO3CF3

)2 

/0.1M 

MnSO4 

1.0–1.8 2.0 98.8 

97.5% 

(1000) 
This 

work 
84.0% 

(3000) 
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