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Supplementary Figure 1. Cycling stability and lifetime summary of Zn//Zn

symmetric cells with different wt% CuC>04 contents at 0.5 mA cm™ and 0.25 mAh

cm™.
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Supplementary Figure 2. Cycling stability and lifetime summary of Zn//Zn

symmetric cells with different wt% CuC204 contents at 5 mA cm™ and 1 mAh cm™.
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Supplementary Figure 3. Cycling stability and lifetime summary of Zn//Zn

symmetric cells with different wt% CuC204 contents at 7 mA cm™ and 1 mAh cm™.
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Supplementary Figure 4. Galvanostatic cycling comparison of ZP and ZP@CuC>04

symmetric cells at 25 °C under 0.5 mA cm™ and 0.25 mAh cm™.
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Supplementary Figure 5. Galvanostatic cycling comparison of ZP and ZP@CuC>04

symmetric cells at 25 °C under 5 mA cm™ and 1 mAh cm™.
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Supplementary Figure 6. Deep-discharge cycling performance of Zn symmetric
cells using ZP and ZP@CuC,0s electrodes at a high current density of 7 mA cm™

with an areal capacity of 2 mAh cm?.
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Supplementary Figure 7. SEM image and corresponding EDS elemental mapping of

the pristine ZP electrode before cycling.
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Supplementary Figure 8. SEM image and corresponding EDS elemental mapping of
the pristine ZP@CuC,04 electrode before cycling.
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Supplementary Figure 9. Cross-sectional SEM images of the cycled (a) ZP and (b)
ZP@CuC,04 electrodes, showing the through-thickness morphology after

electrochemical cycling.
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Supplementary Figure 10. Post-cycling SEM images and corresponding EDS
elemental mappings of (a—d) ZP and (e-h) ZP@CuC,04 electrodes after cycling at
40 °C.
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Supplementary Figure 11. XRD pattern of CuC>04 powder.
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Supplementary Figure 12. Raman spectrum of CuC,04 powder.
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Supplementary Figure 13. Schematic illustration of the discharge-induced structural

evolution from Cu(Il)-oxalate to a Cu(I)-related coordination environment.
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Supplementary Figure 14. Cycling performance and Coulombic efficiency of

Zn//V,0s full cells employing ZP and ZP@CuC204 anodes at 25 °C and 7 A g\
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Supplementary Figure 15. Cycling performance and Coulombic efficiency of

Zn//V>0s full cells employing ZP and ZP@CuC>04 anodes at 25 °C and 15 A g’



Energy Materials

Zn La1,2 O Ka1 CKal,2

Sum

Cu Kol

- ..
Sum

Supplementary Figure 16. Corresponding EDS mapping of the ZP@CuC,04
electrode after 100 cycles in the Zn//V2Os full cell at 5 A g
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Supplementary Figure 17. Cycling performance and Coulombic efficiency of

Zn//V>0s full cells employing ZP@CuC>04 anodes at 40 °C and 2 A g\
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Supplementary Figure 18. Cycling performance and Coulombic efficiency of

Zn//V,0s full cells employing ZP@CuC204 anodes at 40 °C and 5 A g
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Supplementary Figure 19. Cycling performance and Coulombic efficiency of

Zn//V,0s full cells employing ZP@CuC204 anodes at 40 °C and 7 A g™
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Supplementary Figure 20. Long-term cycling performance and Coulombic
efficiency of Zn//I, full cells employing the ZP@CuC>04 anode at (a) 2 A g! with an
I, loading of 1.39 mg and (b) 5 A g! with an I» loading of 1.45 mg.
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Supplementary Table 1. Comparison of cycling lifespans among different

reported zinc-based electrode architectures in Zn//Zn symmetric cells

Current density,

Zinc-based Lifespan

Anode type Capacity (mA cm” Ref.
Electrode (h)

2. mAh cm?)

DDA-

Zn powder 0.5-0.5 355 [1]
MXene@Zn-p
Zn/rGO Zn foil 0.4-0.4 300 [2]
ZF@CB-NFC  Zn foil 0.5-0.5 400 (3]
r-Zn Zn foil 1-0.2 400 [4]

3D Zn/CNT
Zn/CNT 2-2 200 [5]

host
Zn@PG Zn powder I-1 400 [6]
Zn-PD Zn powder I-1 240 [7]
ss-ZnP Zn powder 1-1 400 [8]
2D-Zn Zn powder 1-0.5 30 [9]
CuO@Zn Zn powder 1-0.5 260 [10]
Our work Zn powder 1-1 706

Paired values in the “Current density, Capacity” column denote the current density
(mA cm) followed by the areal capacity (mAh cm™). For example, “0.5-0.5”
represents 0.5 mA cm™ and 0.5 mAh cm™, while “1-0.2” represents 1 mA cm™ and

0.2 mAh cm™.
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Supplementary Table 2. Corresponding EDS Elemental Mapping Sum Spectrum

of the ZP@CuC204 electrode after 100 cycles in the Zn//V20s full cell at 5 A g*!

Elemental Mapping Sum Spectrum

Element Line Type wt%
C K-series 9.29
@) K-series 11.60
Cu L-series 1.57
Zn L-series 77.54
Total 100.00

Supplementary Table 3. Practical parameters of the Zn//V20s pouch cells shown

in Figures 5i and 5j
Parameter Figure 5i Figure §j

Cathode loading (mg cm?) 5.72 4.68
Zn loading (mg cm2) ~3.92 ~3.92
Theoretical Zn areal capacity (mAh cm?) ~3.22 ~3.22
N/P capacity ratio ~1.91 ~2.33
Zn-anode DOD (%) ~ 524 ~42.8
Doctor-blade gap (um) 100 100
Electrolyte amount (mL) = =5
E/C ratio (uL mAh™) ~ 119 ~ 145
Initial discharge capacity (mAh g!) 9.508 71.013
Final discharge capacity (mAh g™) 61.330 59.743
Corresponding cycle number 350 1000
Capacity retention (%) 28.7 84.1

For Figure 51, the cell underwent activation during the first 80 cycles. Capacity

retention was calculated by dividing the discharge capacity at cycle 350 by that at

cycle 80, selected as the post-activation reference cycle.
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