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Figure S1. (a) SEM images of (a) Zn powder and (b) ZnSn@ZP anodes.

Figure S2. Full XPS spectra of ZnSn@ZP anode.

Figure S3. (a) Thickness observation of Zn powder anode. (b) Cross-sectional SEM image of 
ZnSn@ZP anode. Scale bar: 20 μm. (c) The cross-sectional EDS elemental mappings of 
ZnSn@ZP anode.
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Figure S4. (a) SEM image and (b) XRD pattern of ZnSn@Cu anode.

Figure S5. Hydrogen evolution analyzed by LSV curves of Zn powder and ZnSn@ZP anodes 

(stainless steel foil as working electrode, two anodes as counter and reference electrode).
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Figure S6. (a) The initial Zn deposition voltage profiles of the Zn powder and ZnSn@ZP 
anodes at 1 mA cm−2. Morphology evolution of (b-c) Zn powder and (d-e) ZnSn@ZP anodes 
with a plating areal capacity from 2 mAh cm−2 to 4 mAh cm−2.
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Figure S7. I-t plots of symmetric cells based on (a) Zn powder and (b) ZnSn@ZP anodes after 
the application of a constant potential (10 mV). The insets show the EIS results for symmetric 
cells before and following polarization (I-t test).

Figure S8. CV curves of the symmetric cells based on (a) Zn powder and (b) ZnSn@ZP anodes 
for the initial five cycles. (c) Current-Time profiles derived from CV curves. (d) Peak areas in 
CV curves.
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Figure S9. Cycling performance of symmetric cells based on Zn powder and ZnSn@ZP 
anodes at 2 mA cm−2 with areal capacity of 0.5 mAh cm−2.

Figure S10. Cycling performance of symmetric cells based on Zn powder and ZnSn@ZP 
anodes at 3 mA cm−2 with areal capacity of 0.5 mAh cm−2.
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Figure S11. SEM images of symmetric cells based on Zn powder anode after 20, 50, 100 
cycles.

Figure S12. XRD patterns of symmetric cells based on Zn powder and ZnSn@ZP anodes 
after 100 cycles.

Figure S13. Nyquist plots of symmetric cells based on (a) Zn powder and (b) ZnSn@ZP anodes 
after different cycles at 1 mA cm−2 with areal capacity of 0.25 mAh cm−2.
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Figure S14. The device pictures for in situ optical observation.

Figure S15. CV curves of asymmetric cells based on (a) Zn powder and (b) ZnSn@ZP anodes 
for the initial five cycles, and (c) corresponding peak areas.
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Figure S16. Charge-discharge voltage profiles of asymmetric cells based on Zn powder and 
ZnSn@ZP anodes at various current density ranges of 1-5 mA cm−2 with a fixed capacity of 1 
mAh cm−2. 

Figure S17. EDS elemental mappings of Sn-doped MnO2.
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Figure S18. CV curves of (a) Zn powder//MnO2 and (b) ZnSn@ZP//MnO2 full cells for the 
initial four cycles at 0.2 mV s−1.

Figure S19. SEM images of the anodes in (a) Zn powder//MnO2 and (b) ZnSn@ZP//MnO2 full 
cells after 100 cycles at 1 A g−1.

Figure S20. The fitting resistance results of the Zn powder//MnO2 and ZnSn@ZP//MnO2 full 
cells before cycling.
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Figure S21 GCD curves of Zn powder//MnO2 full cell.

Table S1. The fitting resistance results of symmetric cells based on Zn powder and ZnSn@ZP 
anodes before cycling. 

Anodes Rct (Ω)

Zn Powder 58.46
ZnSn@ZP 18.44



S12

Table S2. Performance comparison of symmetric cells based on ZnSn@ZP anode in this work 
and other previously reported Zn powder anodes. 

Zn powder anode Current density 
(mA cm-2)

Capacity
(mAh cm-2)

Cycle life
(h)

Voltage 
hysteresis

(mV)
Refs

MXene@Zn 1 0.5 200 30 1
Zn powder/PG 1 1 400 51 2

Zn-P-MIEC 0.25 0.05 1300 83 3
Zn_rGO 1 1 550 20 4
3DP-ZA 1 1 320 35 5

SLA 2 2 490 ~70 6
ZP-Grad 1 1 1250 25 7
SS-ZnP 1 1 400 ~40 8
2D-Zn 2 1 90 ~25 9

Zn-P@In 1 0.5 1000 121 10
M3DP-

MXene/Cu-
THBQ/Zn-P

2 1 1800 ~100 11

PF@Zn 1 1 120 ~30 12
Zn-PD3 1 1 240 ~100 13
Zn@C-5 1 1 880 32 14
C@Zn-P 1 0.5 600 20 15
CuO@Zn 1 1 900 ~20 16

A-Zn@CNTs 1 1 800 ~74 17
Bi-MX@ZnP 0.5 0.5 250 20 18

ZnSn@ZP 1 0.25 1500 16
ZnSn@ZP 2 0.5 1200 27

This work
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Table S3. Performance comparison of symmetric cells based on ZnSn@ZP anode in this work 
and zinc foil anode based on COF/MOF/SnO2 interface modification. 

Zn anode Current density 
(mA cm-2)

Capacity
(mAh cm-2)

Cycle life
(h)

Voltage 
hysteresis

(mV)
Refs

PVDF@COF@Zn 1 1 600 53 19
Tp-Bpy@Zn 1 1 900 74.3 20

Zn-TFTDA COF 0.5 0.5 900 - 21
Zn@COF-S-F 1.5 0.75 1000 50.5 22

Zn@ZCM 1 1 2275 - 23
Zn//F-MOF 1 0.5 2000 49 24

Cu-TCPP@Zn 1 1 1400 23 25
MOF-5 W@Zn 1 1 600 ~30 26

CDs/SnO2-1@Zn 2 1 1100 ~50 27
SnO2@Zn 0.25 0.2 300 10 28
ZnSn@ZP 1 0.25 1500 16
ZnSn@ZP 2 0.5 1200 27

This 
work
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