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Figure S1. (A) Low-magnification surface SEM images of ZnSE-0.5, ZnSE, and ZnSE-5. (B)

Surface SEM images, and 3D-AFM images of ZnSE-0.5 and ZnSE-5. (C) XRD patterns of the

bare Zn foil, ZnSE-0.5, ZnSE, and ZnSE-5.
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Figure S2. Schematic illustration of ZnSE, ZnSE-0.5, and ZnSE-5: (A) the (002)-dominated
Zn foil (ZnSE) for 2-min etching, (B) the partial (002)-dominated Zn foil for 30-s etching

(ZnSE-0.5), and (C) the (002)-nondominated Zn foil for 5-min etching (ZnSE-5)).
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Figure S3. Coherence scanning interferometric (CSI) profiler images of the (A) bare Zn foil

and (B) ZnSE.
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Figure S4. Contact angles of deionized water on the surfaces of the bare Zn foil and ZnSE.
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Figure S5. (A) Tafel plots for describing the corrosion of the bare Zn foil and ZnSE. (B)

Optical images of the bare Zn foil and ZnSE after the electrochemical cycling.
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Figure S6. Overpotential of the symmetric Zn||Zn cells at the current density of 3 mA/cm? and

Time(.h)
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the capacity of 1 mAh/cm? for the bare Zn foil, ZnSE-0.5, ZnSE, and ZnSE-5.
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Figure S7. Voltage profile of the symmetric Zn||Zn cells for the bare Zn foil and ZnSE from
the Zn foil with a thickness of 50 um (A) at the current density of 6 mA/cm? and the capacity
of 1 mAh/cm? and (B) at the current density of 6 mA/cm? and the capacity of 10 mAh/cm? (C)
at the current density of 3 mA/cm? and the capacity of 2 mAh/cm? for the comparison. (D)
voltage profile of the symmetric Zn||Zn cells for the bare Zn foil and ZnSE at the different
current densities by applying the different etching time. Voltage profile of the symmetric

Zn||Zn cells for the bare Zn foil and ZnSE cells under different current densities and areal



capacities: (E) at 6 mA/cm? and 3 mAh/cm? (20% DOD), (F) at 6 mA/cm? and 6 mAh/cm?
(40% DOD). Low magnification surface SEM images of the (G) bare Zn foil and (H) ZnSE

after 20 h of cycling.
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Figure S8. XRD patterns of the ZnSE from the Zn foil with a thickness of 50 um
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Figure S9. XRD patterns of the bare Zn foil and ZnSE (A) after the electrochemical dendrite

test for 20 h and (B) after the by-product test.
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Figure S10. Schematic of the Zn plating process on the bare Zn foil and ZnSE electrode.
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Figure S11. Nucleation overpotential curves for the bare Zn foil and ZnSE.
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Figure S12. Columbic efficiency of the asymmetric cell at current densities of 2, 3, 6 mA/cm?

and the capacity of 2 mAh/cm?.
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Figure S13. XRD pattern and SEM image of the a-MnO2 electrode produced by the

hydrothermal synthesis.
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Figure S14. GCD profile of the ZnSE electrode at different current densities.
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Figure S15. Early cycling performance of the bare Zn foil and ZnSE at low current densities

of 0.2 and 0.05A/g.
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Figure S16. CV curves of the bare Zn foil and ZnSE electrode at different scan rates.
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Figure S17. 2D cross section view at mid-plane of simulation domain along Z-axis for (A) 0
=0°and (B) 6 =90°. i, ii and iii images represent the profile distributions for phase-field order

parameter, composition of Zn ions and electric potentials, respectively.
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Figure S18. Growth morphology as function of [002] direction orientation with X-axis. The

figures represent the iso-surface of ¢ at 0.5.
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Figure S19. Phase-field iso-surface at ¢ = 0.5 for two orientations growth during

electrodeposition under external electric potential.
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Figure S20. 3D polar plot of anisotropy function (A) arbitrary view and (B) view along Z-

direction ([002] direction)
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Figure S21. (A) Schematic of phase-field simulation domain represents the initial seed and
boundary conditions. Left side (at X = 0, YZ plane, green colour) is active Zn anode and right
side (violet colour) is counter electrode. (B) Schematic of axes, representing the relation
between external coordinate axes and crystal axes. 0y, 0y, 0, represents the rotations about X,
Y and Z-axis, respectively. 0 represents angle between external coordinate X-axis and [002]
plane of the Zn crystal. The figure is for illustration only and the structural details are not to

scale.



Etching

Strategy time Etchant Symmetrical cell Ref
. . . 14 mV (1 mA /cm? and 1 mA h/cm?) .
ZnSE 2min piranha solution 53 mV (5 mA /em? and 1 mA h/cm?) This work
r-Zn Smin dilute hydrochlorlc acid 20 mV (1 mA /em? and 0.5 mA h/cm?) Ref.1
solution (6 vol %)
TFA- trifluoromethanesulfonic
AN@Zn 24h acid (TFA) 50 mV (4 mA /cm? and 2mA h /cm?) Ref.2
in acetonitrile (AN)
PPZ@Zn 4min phosphoric acid 29.1 mV (1 mA /cm? and 1 mA h /cm?) Ref.3
h-Zn 4 — 8min dilute phosphoric 80 mV (5 mA /cm? and 1 mA h /cm?) Ref4
acid(H;PO4) ’
TA@Zn | 3 -9min tartaric acid 89 mV (5 mA /cm? and 1 mA h /cm?) Ref.5
concentrated
ZnSA 10min phosphoric acid 69 mV (5 mA /cm? and 2 mA h /cm?) Ref.6
(H;PO4, 85%)
3D Zn o . ) )
anode 15h 5 wt % NH;-H,0 solution | 20 mV (0.5 mA /em? and 0.5 mA h /cm?) Ref.7
DCP-Zn 30min H;POy, solution 60 mV (0.5 mA /cm? and 0.1 mA h /cm?) Ref.8

Table S1. Comparison of the synthetic and electrochemical parameters of the ZnSE electrode

with the results of other studies.




Anode Cathode Electrolyte Retention Performance Ref
. 94% (at 0.5A/g 275 mAh/g at This
Zn foil 0-MnQO, 2M ZnSO,4 +0.2M MnSO, for 300 cycle) 0.5 Alg work
. 70% (at 0.5A/g 170 mAh/g at
Zn foil V,0:s 4M Zn(BF4),/EG for 300 cycle) 0.5 Ale Ref.9
flexible . 95% (at 0.5A/g 400 mAh/g at
7n NH,V;0;¢ 1.9H,0 ZnSO4/gelatin water-based QSS for 200 cycle) 0.5 Ale Ref.10
. . 80% (at 0.5A/g 175 mAh/g at
Zn foil &-MnO, 3(21 M LiTFSI)vs.8(1.5 M ZnSQOy) for 300 cycle) 0.5 Ale Ref.11
. 2 M Zn(OTf), and 68 % (at 0.5A/g 230 mAh/g at
Zn foil NH; V4O TMU20(tetramethylurea) for 300 cycle) 0.5A/g Ref.12
. 75% (at 0.3A/g 190 mAh/g at
Zn foil CuO nanorods 3 M ZnSO, for 200 cycle) 0.5 Alg Ref.13
. tannic acid (TA) and sodium 67% (at 0.5A/g 377 mAh/g at
Zn foil NH,ViOuo alginate (SA) + 2M ZnSO, for 400 cycle) 05A/g | Ref14
. 98% (at 0.5A/g 136 mAh/g at
Zn foil VS, IM ZnSO, for 200 cycle) 0.5 Alg Ref.15
dual- 89% (at 0.5A/ 175 mAh/g at
ZEI a-MnO, 2 M ZnSO, and 0.1 M MnSO, 500 conloy 82 1 Ref 16
Zn/Cu or 500 cycle) 0.5A/g
- 0,
71 foil V/O-defected 3M pure Zn(OTF), as an 98% (at 0.5A/g 500 mAh/g at Ref 17
NH,V,Oi, electrolyte for 100 cycle) 0.5A/g
([N(CH3)4]04779 0
Zn foil Zn25) 3 M Zn(CF3S0s), 9f20f’2(85 %‘Sﬁé )g 287&‘;‘3;11// gat | pef1g
V0s0°3.8H,0 Y o a8
. ) 89% (at 0.5A/g 508 mAh/g at
Zn foil Zl’l5V205 l'lH20 3M ZH(CF3SO3)2 for 150 Cycle) 0.5 A/g Ref.19
. 3D spongy VO,- 88% (at 0.5A/g 442 mAh/g at
Zn foil araphene 2 M Zn(CF;S05), for 200 cycle) 0.5 Ale Ref.20
zinc 3M ZnSO4 and 0.1/0.5/1 M 84% (at 0.5A/g 170 mAh/g at
plate Nay 56V20s nanobelt Na,SO, for 200 cycle) 0.5A/g Ref21
Fe-doped vanadium 94% (at 0.5A/g 283 mAh/g at
Zn plate oxide 3 M Zn(CF;S05), for 300 cycle) 0.5 Alg Ref.22
. MnO@N-doped 98% (at 0.5A/g 73 mAh/g
Zn foil graphene scrolls 2M ZnS0, +0.2M MnSO, for 300 cycle) at 0.5 A/g Ref.23
. ZnMn,0, with 94% (at 0.5A/g 90 mAh/g
Zn foil conducting carbon 3 M Zn(CF5805), for 500 cycle) at 0.5 A/g Ref.24
. 73% (at 0.5A/g 195 mAh/g at
Zn foil Mn;0, 2 M ZnSOy, for 300 cycle) 0.5 Ale Ref.25

Table S2. Comparison of the cycling electrochemical performance of the ZnSE electrode with

the results of other studies.




Miller Indices Energy (J/m?)
(0001) 0.33
(1010) 0.53
(1011) 0.70
(1012) 0.71
(2112) 0.80
(2130) 0.81
(2021) 0.81
(2231) 0.83
(2131) 0.84
(2132) 0.89
(1120) 0.92
(1121) 0.93

Table S3. Theoretical surface energy of Zn.2%-%7

It has been noted that the (0001) plane exhibits the minimum energy among all crystal planes
of Zn. In single-phase alloys, the etching response varies for each plane; thus, surfaces with
higher energy may react to the etchant more actively due to the surface energy interaction.?®
The (0001) plane, possessing lower energy, is consequently less etched compared to planes
with higher surface energy of Zn. The rate of etching in any process is predominantly
determined by the duration of etching and activity of etching precursors. In the experiments,
the activity of the etching precursors was carefully controlled, with the etching time being the
only variable to systematically control the surface of Zn. Moreover, prolonged exposure to the

etchant is well known to result in the over-etching of the material's surface. The experiments



have demonstrated that extended exposure times also lead to the etching of the (0001) planes.
Therefore, we have refined the etching process to ensure a predominance of (0001) surfaces in

the film.
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