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Figure S1. Cycling performance of Zn||Zn cells in 2M ZnSO4 electrolyte with (a) 0.1M, (b) 0.2M, (c) 0.3M, 

(d) 0.4M, (e) 0.6M, (f) 0.7M, (g) 0.8M, (h) 0.9M, (i) 1M AS additive with a current density of 0.5 mA cm−2 

and an areal capacity of 0.05 mAh cm−2. 

 

Figure S2. SEM images of ex-situ optical microscope observation of the Zn deposition process in (a) 2M 

ZnSO4 electrolyte and (b) 2M ZnSO4 electrolyte with the AS additive at the areal density of 0.5, 1, and 2 

mAh cm–2. 



 

Figure S3. The in-situ optical observation experimental setup.  

 
Figure S4. Voltage profiles of galvanostatic Zn deposition on Zn anode at a current density of (a) 2 mA cm−2 

and (b) 5 mA cm−2. 

 



 

Figure S5. CV curves of Zn||Cu batteries in both 2M ZnSO4 and 2M ZnSO4 with 0.1M, 0.2M, 0.5M AS 

additive, respectively. 

 

Figure S6. The electrochemical windows of 2M ZnSO4 electrolyte and 2M ZnSO4 electrolyte with the AS 

additive by three-electrode system. Working electrode: Pt. Reference and counter electrode: pristine Zn. 



 

Figure S7. CV curves of Zn||Zn coin cells at a scan rate of 1mV s-1. 

 

Figure S8. EIS plots of Zn||Zn batteries in (a) 2M ZnSO4 electrolyte with 0M, 0.1M, 0.2M, 0.3M, 0.4M and 

0.5M additive and (b) 0.5M, 0.6M, 0.7M, 0.8M, 0.9M, 1M AS additive.  

 

Figure S9. (a) XRD pattern and (b) SEM images of MnO2 nanosheets cathode. 



 

Figure S10. CV tests of Zn||MnO2 full cells in 2M ZnSO4 electrolyte with (a) 0.1M, (b) 0.2M, (c) 0.3M, (d) 

0.4M, (e) 0.5M, (f) 0.6M, (g) 0.7M, (h) 0.8M, (i) 0.9M (j) 1M AS additive, respectively. 

 



 

Figure S11. The potential of cathodic peak at 2nd cycle of CV tests versus additive concentration curve. 

 

Figure S12. Long-term cycling stability with the corresponding Coulombic efficiency of coin cells in 2M 

ZnSO4 electrolyte with the AS additive at 0.1C (1C=308 mAh g-1), with 8 mg cm-2 cathode loading mass. 

 

Figure S13. Long-term cycling stability with the corresponding Coulombic efficiency of coin cells in 2M 

ZnSO4 electrolyte with the AS additive at 0.1 C (1 C = 308 mAh g-1), with 16 mg cm-2 cathode loading 



mass. 

 
Figure S14. Long-term cycling stability with the corresponding Coulombic efficiency of coin cells in AS 

electrolyte at 1C (1C=308mAh g-1), with 11 mg cm-2 cathode loading mass. 

 

Figure S15. Kinetic analysis of the electrochemical reactions in MnO2 electrode. (a) CV curves of Zn||MnO2 

battery in 2M ZnSO4 electrolyte with the AS additive at different scan rates. (b) b value determination at the 

peak. according to the following equation: 

The peak current (i) of CVs is assumed to obey a dependency of the sweep rate (v) as follows: 

 
which could be rewritten as 

 
where b represents the slope of log(i) vs. log(v) curve. As for the value approaches to 0.5, the charge storage 

in electrode material is controlled by solid-state diffusion of active ions, whereas the ion migration is 

controlled by the electrochemical capacitive process when it is close to 1.  



 

Figure S16. XPS spectra of MnO2 cathode after 30 cycles in 2M ZnSO4 electrolyte with a AS additive.  

 

Figure S17. Storage performance of the Zn||MnO2 coin cells in (a) 2M ZnSO4 electrolyte and (b) 2M ZnSO4 

electrolyte with the AS additive, respectively. 

 

Figure S18. The ex-situ XPS spectra of (a)Zn 2p and (b)Al 2p for MnO2 electrode after the second cycle at 

different states. 



Table S1 The cost comparison of ZnSO4 and Al2(SO4)3 and other common salts and additives for aqueous 

electrolytes of zinc-ion batteries (Note: the prices are based on the same pack size of 500g, obtained from 

aladdin). 

Zinc salt/Additive Price ($) 

ZnSO4·7H2O 6.65 

Zn(CF3SO3)2 183.29 

ZnCl2 83.17 

ZnBr2 37.75 

Al2(SO4)3·18H2O 8.32 

MnSO4·H2O 27.76 

NiSO4·6H2O 14.56 

CoSO4·7H2O 24.42 

CuSO4·5H2O 9.7 

PbSO4 24.94 

C6H7O6Na 26.51 

Propylene glycol (PG) 17.9 

Tripropylene glycol (TG) 12.48 

Nitrilotriacetic acid (NTA) 7.35 

N, N-dimethyl acetamide (DMA) 9.71 

Citric acid 18.45 

CTAB 21.64 

 

 

Table S2 Fitting results of the corrosion potential and corrosion current density of Zn anode using ZS or AS 

electrolyte. 

Electrolytes Corrosion potential (V) Corrosion current (mA 

cm-2) 

2M ZnSO4 1.026 3.101 

2M ZnSO4+0.5M Al2(SO4)3 0.961 2.573 

 

 

Table S3 Fitting results of the EIS of the Zn||Zn cells using pure ZS or AS electrolyte. 

Electrolytes Rs(Ω) Rct(Ω) 

2M ZnSO4 13.39 102.10 

2M ZnSO4+0.5M Al2(SO4)3 3.17 27.22 

 

 



Table S4 Summary of the electrochemical performance of manganese oxides-based with different 

electrolytes in recent researches of aqueous ZIBs. 

Cathode materials Electrolytes 

Loading mass 

of the cathode 

(mg cm-2) 

Long cycling stability Ref. 

α-MnO2 2MZnSO4+0.5MAl2(SO4)3 
8.0 78%,1200cycles,1C This 

work 2.96 88.9%,1600cycles,1C 

Na0.44MnO2 
1MZnSO4+1MNa2SO4+ 

0.1MMnSO4+0.01MSDS 
1.5 93%,1500cycles,1C [1] 

Na0.55Mn2O4·1.5H

2O 

2MZnSO4+0.5MNa2SO4+ 

0.1MMnSO4 
1~2 

93%,10000 

cycles,6.5C 
[2] 

α-MnO2 
1MZn(CF3SO3)2+1MAl(CF3

SO3)3 
2 99.4%,1000cycles,1C [3] 

K0.14MnO1.96 2MZnSO4+6%volNMP 2 
95.96%,2000cycles,1

A g-1 
[4] 

Od-MnO2 1MZnSO4+0.2MMnSO4 1 
84%,2000cycles,5A 

g-1 
[5] 

MnO2 1M(NH4)2SO4+0.1MMnSO4 1 
93.3%,4000cycles,4A 

g-1 
[6] 

MnO2 
2MZnSO4+0.5mMTMAOAc

+0.025MZn(OAc)2 
3.5 

~77%,100cycles,0.2A 

g-1 
[7] 

MnO2 
PVA/PANI/SiO2 conductive 

hydrogel electrolytes 
1.5~2 

~77.24%,100cycles,0.

2C 
[8] 

 

 

Table S5 DFT calculations of electrolyte structural feature and the binding energy of cations. 

Cations and ligands Optimized structure 
Binding Energy 

(kcal mol-1) 

Zn2+ + H2O 

 

-92.8 

Zn2+ + 2H2O 
 

-169.5 

Zn2+ + 3H2O 

 

-219.3 

Zn2+ + 4H2O 

 

-257.4 



Zn2+ + 5H2O 

 

-278.0 

Zn2+ + 6H2O 

 

-297.7 

Al3+ + H2O 

 

-185.3 

Al3+ + 2H2O 
 

-336.7 

Al3+ + 3H2O 

 

-449.6 

Al3+ + 4H2O 

 

-535.9 

Al3++ 5H2O 

 

-584.0 

Al3+ + 6H2O 

 

-628.6 

Zn2+ + SO4
2- 

 

-608.9 

 

Al3+ + SO4
2- 

 
-1041.0 
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