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Fig. S1 SEM of Zn foil treated in KOH solution with a concentration of (a, b) 0.05 M and (c, d) 0.2 M
Supporting note: The breakdown voltage, corresponding to the initiation of arc discharge that prevents further voltage elevation, decreases with increasing KOH concentration, from ~300 V for 0.05 M KOH to ~110 V for 0.2 M KOH.
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Fig. S2 SEM of Zn foil treated in 0.1 M NaOH solution at a voltage between 40-60 V (Inset is the digital image of anodized Zn foil)
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Fig. S3 (a) SEM image and the (b) XRD pattern of Zn foil treated in a voltage range between 10-20 V
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Fig. S4 EDX mappings of ZnO-Zn show the distribution of (a) Zn and (b) O elements. EDX mappings of pristine Zn shows the distribution of (c) Zn and (d) O elements, (inset is the SEM image of pristine of Zn foil)
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Fig. S5 XRD pattern (a) of pristine Zn (black) and ZnO-Zn anodized between 40-60 V, and (b) the corresponding magnified view of (a)
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Fig. S6 High-resolution (a) Zn 2p and (b) O 1s XPS spectra of pristine Zn foil
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Fig. S7 Digital images of ZnO-Zn anodized at 40-60 V wrapped on a glass pipette
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[bookmark: OLE_LINK2]Fig. S8 Top-view SEM images of pristine Zn foils anodized in a voltage range between (a) 70-90 V and (b) at ~150 V
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Fig. S9 Digital images of ZnO-Zn anodized between (a) 70-90 V, and (b) at approximately 150 V, both showing some white powder sticking to the glove when touched with a finger
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Fig. S10 Cross section images of ZnO-Zn anodized between 40-60 V for (a) 10 s, (b) 30 s, and (c) 60 s
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Fig. S11 CV curves of (a) pristine Zn and (b) Zn anodized between 40-60 V at different scan rates
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Fig. S12 EIS of cells assembled with two spacers (black) and assembled with one stainless-steel spacer and one spacer coated with a PVA layer (brown)
Supporting notes: The ionic conductivity of PVA layer can be estimated based on the following equation:

where R is the resistance, S is the area (1.767 cm–2), and L is the thickness of the PVA layer (2 µm in this work). The impedance of this blank cell represents the background resistance coming from the coin cell cases, spacer, separator, and electrolyte. This background resistance was subtracted from that of the PVA-coated cell, yielding an ionic conductivity of 1.7 × 10–4 S cm–1 for the PVA film under the tested condition.
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Fig. S13 Surface roughness of (a) ZnO-Zn and (b) PZnO-Zn
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[bookmark: OLE_LINK4]Fig. S14 Cross section SEM images of (a) ZnO-Zn and (b) PZnO-Zn
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Fig. S15 Scratch test curves of (a) Zn, (b) ZnO-Zn, and (c) PZnO-Zn. (d) Summary of the critical load of the three samples

[image: Figure S7]
Fig. S16 (a and b) SEM images of Zn deposition on Zn foil treated at low voltage between 10-20 V. (c) Simulation of the electric field distribution of Zn foil treated at low oxidation voltage of 10-20 V
Supporting note: The simulated electric field distribution of Zn foil treated at low voltage between 10-20 V showed that holes and valleys on Zn foil can dramatically influence the local distribution of the electric field, leading to preferential Zn deposition at these holes. However, the formation of Zn dendrite can still be observed (b).
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Fig. S17 SEM images of (a) polished Zn foil and (b) Zn deposition on polished Zn. (c) Simulation of the electric field distribution of polished Zn foil treated at low oxidation voltage. (d) Enlarged SEM image of (b)
[bookmark: OLE_LINK1]Supporting note: The simulated electric field distribution of polished Zn showed that the surface roughness of the polished Zn can dramatically influence the local distribution of the electric field especially at the curves and edges of the polished Zn, leading to preferential Zn deposition at these “hot spots” (c). However, this cannot effectively eliminate the formation of Zn dendrite (d).
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Fig. S18 Zn deposition profiles of (a) PZnO-Zn, (b) ZnO-Zn, and (c) Zn at a current density of 0.1 mA cm–2 in symmetric cells
[image: A diagram of a diagram of a current density
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Fig. S19 NOP (a), CV curve (b), EIS (c), and CE (d) of PVA-Zn electrodes as a control
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Fig. S20 In-situ optical observation of the Zn plating/stripping on ZnO-Zn at a current density of 5 mA cm–2 for 1 mA h cm–2
[image: ]
Fig. S21 LSV of polished Zn foil in 1 M Na2SO4

[image: A graph of a graph of a graph

Description automatically generated with medium confidence]
[bookmark: OLE_LINK8]Fig. S22 EIS tests of symmetric cells using (a) PZnO-Zn, (b) ZnO-Zn, and (c) Zn electrodes at different temperatures
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Fig. S23 (a) EIS tests of symmetric cells using PVA-Zn at different temperatures. (b) Arrhenius curves of PVA-Zn electrodes
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Fig. S24 Schematic illustration of the two-step interaction between Zn ions and the ZnO/PVA hybrid interfacial layer
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Fig. S25 (a) Rate performance of symmetric PZnO-Zn and PVA-Zn cells at different current densities and (b) corresponding exchange current density
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Fig. S26 Rate performance of symmetric ZnO-Zn and Zn cells at different current densities
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Fig. S27 Cycling stability test of symmetric ZnO-Zn and Zn cells at 1 mA cm–2 for 1 mA h cm–2
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Fig. S28 SEM images of (a, b) Zn, (c, d) ZnO-Zn, (e, f) PVA-Zn, and (g, h) PZnO-Zn after cycling for 100 h at 1 mA cm–2 for 1 mA h cm–2
Supporting note: For PVA-Zn, a residual PVA film was still discernible on the surface of PVA-Zn electrode upon cell disassembly. However, during the subsequent washing and rinsing step, the PVA film of PVA-Zn electrode detached, and no remaining PVA layer can be observed in the SEM images (Figs. S28e, f).
[image: ]
Fig. S29 XRD profiles of Zn, ZnO-Zn, PVA-Zn, and PZnO-Zn after cycling for 100 h at 1 mA cm–2 for 1 mA h cm–2. The reflections highlighted by the orange dashed box are attributed to the formation of the Znx(OH)y(CF3SO3)z·nH2O by-product. 
[image: ]
Fig. S30 Cycling stability test of symmetric PZnO-Zn and PVA-Zn cells at 5 mA cm–2 for 1 mA h cm–2
[image: ]
Fig. S31 Cycling stability test of symmetric ZnO-Zn and Zn cells at 5 mA cm–2 for 1 mA h cm–2
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[bookmark: OLE_LINK3]Fig. S32 Cycling stability tests of symmetric PZnO-Zn and PVA-Zn cells at (a) 5 mA cm–2 for 5 mA h cm–2 and (b) 10 mA cm–2 for 10 mA h cm–2 in 2 M ZnSO4 electrolyte
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Fig. S33 SEM images of (a, b) Zn anode and (c, d) PZnO-Zn after immersion in polyiodine for 12 h
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Fig. S34 Digital images of PZnO-Zn, ZnO-Zn, and Zn in polyiodine solution for 12 h
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Fig. S35 Long cycling tests of PZnO-Zn||I2 and Zn||I2 full cells at 0.5 A g–1
[image: ]
Fig. S36 Long cycling test of PVA-Zn||I2 full cells at 2 A g–1
[image: A graph of a specific capacity
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Fig. S37 (a) CV curve of MnO2||PZnO-Zn full cell at 0.2 mV s–1. (b) Cycling stability of MnO2||PZnO-Zn (blue) and MnO2||Zn (black) full cells at 2C
Table S1 The comparison of cycling stability of PZnO-Zn with other reported Zn anodes
	Sample
	Current density
(mA cm–2)
	Area capacity
(mA h cm–2)
	Time
(h)
	References

	ZnO/PVA
	1
5
5
10
	1
1
5
10
	6000
1700
1600
450
	This work

	PVA
	0.25
1
5
5
10
	0.25
1
1
5
5
	5000
2200
450
300
300
	 [S1]


	MXene/PVA
	5
20
	1
1
	400
200
	 [S2]

	3D ZnO
	5

	1.25
	500
	 [S3]

	ZnO
	5
5
10
	1
2
1
	1675
675
1126
	 [S4]


	ZnO
	1
5
5
5
	1
1
2.5
5
	3100
1600
500
420
	 [S5]


	
ZnMoO4/PVA
	2
5
10
	2
5
10
	2000
1700
275
	 [S6]


	ZnyO1−xFx
	1
2
5
	1
1
5
	1000
1000
250
	 [S7]


	
Bi/Bi2O3
	1
5
10
	1
2.5
10
	3120
750
300
	 [S8]


	Dopamine-functionalized polypyrrole
	1
10
	1
5
	1200
300
	 [S9]


	(Ca5(PO4)3F
	1
4
8
	0.5
1
1
	4000
2000
2000
	 [S10]


	MXene
	5
10
	1
1
	650
480
	 [S11]
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