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Supplementary Figures and Tables 

 

Fig. S1 The morphologies and of Zn anode after cycling at a capacity of 1 mAh cm−2 and current 

density of 2 mA cm−2 in ZnSO4 electrolyte (a-b) and ZnSO4-CHD electrolyte (c-e): a and c are 

after 15 cycles, b and d are after 200 h, e is after 1800 h. The bar is 10 μm. Insertion is the 

magnified image with a scale bar of 1 μm 

http://springer.com/40820
mailto:zhanlin@gdut.edu.cn
mailto:s.zhang@griffith.edu.au


Nano-Micro Letters 
 

S2/S9 

 

Fig. S2 Morphology and element analysis of metal Zn anode after 200 cycles at 1 mAh cm-2 

and 2 mA cm-2. SEM images of Zn anode in ZnSO4-CHD electrolyte (a) and in ZnSO4 

electrolyte (c); Elements content of Zn surface by SEM-EDS method in ZnSO4-CHD 

electrolyte (b) and in ZnSO4 electrolyte (d) 

 

Fig. S3 Top-view SEM images of Zn deposition on Cu foil at 2 mA cm-2 for 1 h without (a-b) 

and with CHD additives (c-d) in ZnSO4 aqueous solution. 

http://springer.com/40820


Nano-Micro Letters 
 

S3/S9 

20 30 40 50 60 70 80

(0
0

4
)

In
te

n
si

ty
 (

a.
u

.)

2 Theta (degree)

 ZnSO4

 ZnSO4-CHD

 Copper foil

(0
02

)
(1

00
)

(1
02

)

(1
03

)
(1

1
0

)

 

Fig. S4 XRD patterns of bare copper foil and that after the Zn deposition for 2 hours at 1mA 

cm-2, 2mAh cm-2 with and without CHD additives 

 

Fig. S5 The in-situ optical microscopy system to observe the Zn anode surface during the 

constant Zn plating process 
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Fig. S6 In-situ EC-GC profiles during plating for 1h at the current density of 10 mA cm-2 
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Fig. S7 The MD simulations at 298.15K and 2000ps of ZnSO4 system electrolyte (a-c) and 

ZnSO4-CHD system electrolyte (d-f): The snapshot of representative Zn-solvation sheath in the 

ZnSO4 system (a) and ZnSO4-CHD system (d), the red, white, grey and blue sticks represent 

oxygen, hydrogen, zinc, and carbon atoms, respectively; The time versus temperature figure in 

the ZnSO4 system (b) and ZnSO4-CHD system (e); The time versus density figure in the ZnSO4 

system (c) and ZnSO4-CHD system (f) 

 

Fig. S8 The MD simulations at 298.15K and 100ps of Zn2+-O (H2O) in ZnSO4 system 

electrolyte 

 

Fig. S9 The number of hydrogen bonds around the molecular cluster of [Zn(H2O)5(CHD)]2+ 

and [Zn(H2O)6]
2+ in the electrolyte from the MD simulation 
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Fig. S10 Measurements of contact angles after the droplet stable for 3 minutes. Contact angles 

of electrolytes with blank electrolyte (a), 0.02mg ml-1 (b), 0.04mg ml-1 (c), 0.1mg ml-1 (d), 

0.16mg ml-1 (e), and 0.2 mg ml-1 (f) CHD additive on Zinc electrode surface 

 

Fig. S11 The XPS spectra of Zn foil in the pristine state and immersion in CHD-assisted 

electrolyte for 24 and 48 hours. (a) Zn 2p; (b) O 1s 

 

Fig. S12 (a) Nanoscratch test of copper foil surface in ZnSO4-CHD and ZnSO4 aqueous 

solution. (b) Tafel curves of Zn/Zn symmetric cells. (c) EIS curves of Zn|Zn symmetric cells 

before and after 1st cycle. The battery was tested at 1mAh cm-2 and 2mA cm-2 
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Fig. S13 (a) EIS of stain steel-stain steel cell in the electrolyte with and without CHD additives. 

Insertion is the magnified curves of EIS at the high-frequency region. (b) linear sweep 

voltammetry (LSV) with and without CHD additives in Zn|Cu cells 

 

 

Fig. S14 (a-b) Charge-discharge profiles of Zn|V2O5 full cell from 0.2 to 4 A g-1 with (a) and 

without (b) CHD additives 
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Table S1 Comparison of cycling performance for the modified electrolytes with various 

additives in Zn|Zn symmetric cells 

The modified electrolytes Lifespan Refs. 

CHD + 2 M ZnSO4 in H2O 

2 mA cm−2, 1 mAh cm−2 for 2200 h 

5 mA cm−2, 1 mAh cm−2 for 1000 h 

10 mA cm−2, 1 mAh cm−2 for 650 h 

This 

work 

1 M Zn(TFSI) + 20 M LiTFSI in H2O 0.2 mA cm−2, 0.035 mAh cm−2 for 170 h [S1] 

3 M Zn(CF3SO3)2 in H2O 0.1 mA cm−2, 0.1mAh cm−2 for 800 h [S2] 

Ti3C2TX MXene + 2 M ZnSO4 in H2O 1 mA cm−2, 1 mAh cm−2 for 500 h [S3] 

Glucose + 1 M ZnSO4 in H2O 1 mA cm−2, 1 mAh cm−2 for 2000 h [S4] 

DMSO + 1.6 M ZnCl2 in H2O 0.5 mA cm−2, 0.5 mAh cm−2 for 1000 h [S5] 

PAM + 1 M ZnSO4 + 0.5 M Na2SO4 in 

H2O 
1 mA cm−2, 1 mAh cm−2 for 180 h [S6] 

Diethyl ether + 3M Zn(CF3SO3)2 in H2O 0.2 mA cm−2, 0.2 mAh cm−2 for 250 h [S7] 

Zn(ClO4)2*6H2O in SN 0.05 mA cm−2, 0.5 mAh cm−2 for 800 h [S8] 

0.5 M ZnTFMS in DMF 1 mA cm−2, 1 mAh cm−2 for 2800 h [S9] 

 

Table S2 Comparison of the electrochemical performance in Zn|V2O5 full cells 

V2O5 mass 

loading 
Electrolyte Specific capacity Cycling stability Refs. 

ca. 5.0 mg 

cm-2 

CHD + 2 M ZnSO4 in 

H2O 
300 mAh g-1 (200 mA g-1) 2000 cycles (2 A g-1) 

This 

work 

2.5 mg cm-2 
3 M Zn(CF3SO3)2 in 

H2O 
381 mAh g-1 (60 mA g-1) 950 cycles (6 A g-1) [S10] 

N/A 3 M ZnSO4 in H2O 224 mAh g-1 (100 mA g-1) 400 cycles (2 A g-1) [S11] 

N/A 
21 MLiTFSI + 1 M 

Zn(CF3SO3)2 in H2O 
238 mAh g-1 (50 mA g-1) 2000 cycles (2 A g-1) [S12] 

3.2 mg cm-2 
0.5 M Zn(TFSI)2 in 

AN 
196 mAh g-1 (14.4 mA g-1) 120 cycles (14.4 mA g-1) [S13] 

5-7 mg cm-2 1 M ZnSO4 in H2O 260 mAh g-1 (2400 mA g-1) 
1000 cycles (2400 mA g-

1) 
[S14] 

0.9-1.2 mg 

cm-2 
2 M ZnSO4 in H2O 470 mAh g-1 (500 mA g-1) 1000 cycles (10 A g-1) [S15] 

1.0 mg cm-2 
Ti3C2TX MXene + 2 

M ZnSO4 in H2O 
390 mAh g-1 (200 mA g-1) 300 cycles (1 A g-1) [S3] 
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