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Materials and methods

Materials

For the prepration of aqueous elelctrolytes, all of the raw materials were already commercially 

sourced. Succinic acid (SA) and ZnSO4·7H2O were purchased from Adamas (Tansoole, 

China). Stainless steel (SS) and Zn foil (thicknesses of 50 μm and 10 μm) were supplied by 

Canrd (China). Cu foil was purchased from DodoChem. 

Preparation of aqueous electrolytes

A 2 m aqueous electrolyte of ZnSO4 was prepared by dissolving a specific amount of ZnSO4 

into the deionized water. Aqueous electrolyte containing 2 m ZnSO4 and 0.1 m SA was 

prepared by dissolving a specific amount of SA into the aforementioned electrolyte.

Synthesis of K0.27MnO2·0.54H2O cathodes materials

The synthesis of K0.27MnO2·0.54H2O (KMnO) referred to the previous work.[1]

Electrochemical measurements

The corrosion experiments were performed on an electrochemical workstation (Autolab).  Zn 

foil served as both the counter and working electrodes in the corrosion test, and saturated 

calomel electrode (SCE) served as the reference electrode. The electrochemical 

performances of Zn plating/stripping were assessed in CR2032 coin cells. To evaluate 

Coulombic efficiency, the Cu foil functioned as the working electrode, while the Zn foil acted 

as the counter electrode, and a disk-shaped piece of glass fiber paper served as the 

separator. In the Zn||Zn symmetric cell, the disk-shaped Zn foils were utilized as the 

electrodes. The KMnO cathodes were constructed by casting a slurry of binder (PVDF), super 

P, and KMnO with a mass ratio of 10:20:70 onto a stainless steel foil. The cathodes was then 

vacuum-dried at 80 °C before being cut into 10 mm-diameter disk-shaped sheets. The full 

cells were then  assembled with KMnO as cathodes, using an aqueous electrolyte 

with/without SA and a 50 μm Zn metal anode. All samples were tested for their 

electrochemical performance at room temperature using a LANHE battery tester (CT2001A, 

Wuhan LAND electronics Co., Ltd., China).

The exchange current density (i0) of the zinc plating/stripping process was calculated based 

on the charge/discharge profiles of zinc-based symmetric cells and equation: 
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in which F is the Faraday’s constant and η is the total overpotential of charge/discharge 

profiles. The Arrhenius equation was used to determine the activation energy (Ea) of the zinc

deposition process, as follows:
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where Rct, A, R and T represent the charge transfer resistance at various temperatures, the 

frequency factor, the gas constant and the absolute temperature, respectively.[2, 3]

Material characterizations

X-ray diffraction (XRD, Rigaku D/MAX2200V PC) was used to record the crystal structures 

of the samples. Scanning electron microscopy (SEM, JEOL 7500F) was utilized to examine 

the Zn metal anode morphologies. A special device supplied by Beijing Science Star 

Technology Co. Ltd. was employed to conduct in-situ optical microscopy observations.

Models and computational details

In this study, the following functional form was employed with a standard molecular 

mechanic's potential model:
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where the initial three terms represent bonded interactions including angle, bond, and torsion. 

The second terms represent nonbonded interactions, such as Coulombic interactions and 

van der Waals (vdW). The Lorentz-Berthelot mix rules were selected for vdW interactions for 

various types of atoms, and they are given in the following equation:

𝜎𝑖𝑗 =
1
2

(𝜎𝑖𝑖 + 𝜎𝑗𝑗); 𝜀𝑖𝑗 = (𝜀𝑖𝑖 ∗ 𝜀𝑗𝑗)
1/2



Two systems were developed in accordance with the experimental conditions. Systems were 

designed with their initial configurations using the Packmol software [4]. The simulations were 

carried out with the GROMACS (version 2019.3) software [5-8] and the all-atom OPLS 

(optimized performance for liquid systems) force field [9]. The steep descent strategy was 

applied to each system to reduce system energy. After that, 10 ns of molecular dynamics 

simulations were conducted for each system under the NPT ensemble at 298 K and 1 atm to 

obtain trajectories for the following data analysis. Other components' bond lengths were 

constrained using the LINCS algorithm [10]. All three directions were subjected to periodic 

boundary conditions. By employing the V-rescale thermostat algorithm, the temperature was 

kept constant[11]. Electrostatic interactions and Lennard-Jones had a 1.2 nm cutoff distance. 

The electrostatic interactions at a long distance were calculated using the particle mesh 

Ewald approach[12]. The software Visual Molecular Dynamics [13] was employed to visualize 

the configurations.



Figure. S1 Corresponding computational models for binding energy.



Figure. S2 EIS of Zn||Zn symmetric cells in the 2 m ZnSO4 with 0.1 m SA and 2 m ZnSO4 
electrolyte.



Figure. S3 Zn deposition activation energy. 



Figure. S4 Exchange current calculation of Zn based symmetric cells in 2 m ZnSO4 with 0.1 
m SA and 2 m ZnSO4 electrolytes at diverse current densities.



Figure. S5 EIS spectra of symmetric cells at different temperatures.



Figure. S6 Ionic conductivities and SS||SS coin cell electrochemical impedance spectra.



Figure. S7 (a-b) SEM images of the Zn electrode after cycling for (a) 10 h in an electrolyte of 
2 m ZnSO4; (b) 10 h and (c) 200 h in an electrolyte of 2 m ZnSO4 with 0.1 m SA at 1 mAh 
cm-2/1 mA cm-2.



Figure. S8 Voltage profiles of Zn plating/stripping on Cu foil at 1 mA cm–2/1 mAh cm–2.



Figure. S9 XRD patterns of K0.27MnO2·0.54H2O.



Table S1 The performance comparison of the symmetric Zn||Zn cells available through the 
modified strategies.

No. Strategies
Current density

(mA cm-2)

Capacity

(mAh cm-2)
Cycle time (h) References

1 ZnSiO3@Zn 1 1 1600 [1]

2 ZnSO4 + cysteine 5 5 650 [14]

1 1 3000
3 ZnSO4 + aromatic aldehyde

5 5 800
[15]

4 3D-COOH-COF@Zn 1 1 2000 [16]

5 Sn-PCF@Zn 1 1 750 [17]

6 0.5 M ZnSO4 + 0.1 mM TBA2SO4 5 5 160 [18]

7 ZIF-8-modified Zn 5 5 400 [19]

8
graphene-modified glass fiber 

separator
5 5 75 [20]

9 ZnSO4 + La (NO3)3 1 1 1200 [21]

10
Negatively charged porous 

layer@Zn
5 5 300 [22]

11 Zn (002) 5 5 200 [23]

12 ZnSO4 + N, N-Dimethylacetamide 1 1 1900 [24]

13 2 M ZnSO4 + glucose 5 5 270 [25]

14 Zn@MXene@Sb 5 5 550 [26]

15 BIS-TRIS additive 5 5 650 [27]

16 P(AA-co-AMPS)-MXene @ Zn 1 1 950 [28]

17 COP-CMC-Zn 5 3 2000 [29]

18 ZnSO4 + α-CD 5 5 200 [30]

19 Sn-coated cellulose separator 5 5 1000 [31]

20 Si3N4@Zn 5 5 800 [32]

21 CaF2@Zn 1 1 750 [33]

22 weighing paper 1 1 2400 [34]

23 S/MX@ZnS@Zn 5 5 400 [35]

24
Ti3C2Tx MXene-decorated Janus 

separator
1 1 1200 [36]

25 Nettle extract (NE) additive 5 5 2200 [37]

26 ZnSO4 + sodium hyaluronate 1 1 5000 [38]

27 DMF electrolyte 5 5 1450 [39]

28 MTSi-Hedp@Zn 1 1 1250 [40]

29
benzyltrimethylammonium 

chloride additive
5 5 550 [41]

30 ZnCl2/EG 1 1 3200 [42]

31 ZnSO4 + Ch+ 1 1 2000 [43]

32 polyanthraquinone@Zn 1 1 1750 [44]

33 ROZ@Zn 1 1 1250 [45]



34 Zn3Hg 1 1 2000 [46]

35 ovalent triazine framework@Zn 1 1 900 [47]

36 silk fibroin additives 1 1 1600 [48]

37 oleic acid additives 1 1 3400 [49]

38 polyamino acid additives 1 1 2100 [50]

1 1 5500
39 ZnSO4 + SA

5 5 1500
This work



Table S2 The performance comparison of the symmetric cells with high DOD available 
through the modified strategies.

No. Strategies DOD (%) Cycle time (h) References

1

N, S-doped carbon 

quantum dots (NSQDs) 

electrolyte additive

50 145 [51]

2

Zn(DBS)2 as Zn salt in a 

mixture of acetamide 

and water.

50 600 [52]

3 (002)-textured 45.5 220 [53]

4

Cyclic tetramethylene 

sulfone electrolyte 

additive

26 250 [54]

5
texture the Zn 

electrodeposits
37..5 190 [55]

28.5 450
6 xylitol-based electrolyte

56.9 100
[56]

7

Versatile 1, 3-dimethyl-

2-imidazolidinone 

electrolyte additive: 

17.112 125 [57]

8
lithium acetate (LiOAc) 

electrolyte additive
20 600 [58]

9
Zn(BF4)2 electrolyte 

additive
51.3 360 [59]

10 ZnMoO4@Zn 50 625 [60]

11 GF Janus separator 56 220 [61]

12
thiourea electrolyte 

additive
20 140 [62]

13 Zn@CNF 40 380 [63]

14
Theophylline electrolyte 

additive
40 650 [64]

15 17.1 600

16

maltose electrolyte 

additive 51.3 240
[65]

17 zinc-titanium alloy 25 120 [66]

18 ZnSO4 + SA 51 650 This work
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