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[bookmark: _Hlk203336109]S1 Experimental Section
S1.1 Assembly of Coin Cell and Electrochemical Test
[bookmark: _Hlk193308771]Coin-type 2032 battery cases were employed for all battery tests, with the Whatman GF/D glass fiber as the separator. 1.0 M Zn(OTf)2 aqueous solution was used as the electrolyte. For asymmetric cells, 0.05 mm Cu foil was used as the cathode. LSV, I-t, EIS, Tafel, CV, and differential capacitance-potential curves were obtained with an electrochemical workstation (BioLogic, VMP-300). The cycling performance of symmetric cells and full cells, rate performance, CE, and nucleation overpotential were evaluated using a battery testing system (Neware CT-4008) at ambient temperature. For all full cell tests, the cells were cycled at 0.1 A g-1 for 10 cycles to activate the battery. The ion transference number was measured using the Bruce-Vincent method. The chronoamperometry(CA) test was conducted with a symmetric cell at a constant bias of 20 mV, which is denoted as V. The currents at the beginning and reaching the stability are denoted as I0 and Is, respectively. The EIS measurements were conducted before and after the CA test, and charge transfer resistances are R0 and Rs, respectively. Then, the transference number can be calculated using the following equation. 
	
	
	


The activation energy was obtained through the modified Arrhenius equation. The EIS of symmetric cells was measured at different temperatures ranging from 25 to 65 ℃ with a constant increasing gradient of 10. For each temperature, the cell would be stabilized for 30 minutes.  Then the activation energy would be calculated via the following equation. 
	
	
	


where Rct is the charge transfer resistance, A is the Arrhenius factor, R is the universal gas constant, T is the Kelvin temperature, and Ea is the activation energy. Among them, A and R are constants. Once the relationship between -ln(Rct) and 1000/T is obtained, the activation energy can be evaluated from the slope. 
The electric double layer capacitance (EDLC) value (C) was obtained by conducting CV tests of Zn||Zn symmetric cells in the range from -15 mV to 15 mV. The scanning rates changed from 8 mV s-1 to 16 mV s-1 with an increasing gradient of 2 mV s-1. The EDCL value was calculated with the following equation. 

where ic is the average between the upper and lower current densities when the voltage is 0 V vs. Zn/Zn2+. The v is the scan rate. 
S1.2 Material characterization
The morphology of the zinc foils after corrosion and cycling was observed using the scanning electron microscope (SEM, Tescan VEGA3). The thickness and morphology of the curcumin layer, and the morphology of NVO and curcumin powders, are observed with the field emission scanning electron microscope (FESEM, Tescan MIRA), and the energy dispersive X-ray spectroscopy (EDX) was carried out with the same equipment. Raman shift spectroscopy was conducted using Witec alpha 300R, and the laser source was set to 532 nm. The crystalline information was determined using the X-ray diffraction (XRD, Rigaku SmartLab 9kW-Advance) with Cu Kβ radiation at 45 kV. X-ray photoelectron spectroscopy (XPS, Thermo Fisher Scientific Nexsa) was employed to study the surface chemistry of the curcumin powder and curcumin layer. The in-situ observation of deposition was carried out using the optical microscope. The surface roughness was tested with the 3D laser scanning microscope (KEYENCE VK-X200). Contact angles were measured with the optical tensiometer (Biolin Scientific Theta) to determine the adhesion between electrodes and electrolytes. 
[bookmark: _Hlk207646606][bookmark: _Hlk207648085]A conical indenter was employed to evaluate the robustness of the layer. Because the thickness of the layer is thin, the maximum load was adjusted to ensure that the depth was falling in the range of 2 μm. The final maximum load was decided to be 5 mN. In this equation, A is the carved area, and S is the stiffness, which is the slope of the linear part of the unloading curve. 
	
	
	


[bookmark: _Hlk208079491]S1.3 Computational method
[bookmark: OLE_LINK11]For the calculation of the electrostatic mapping and Gibbs free energy change during the desolvation, the Gaussian 16 software was employed, also with the Perdew-Burke-Ernzerhof0 (PBE0) functional [S1]. The geometry optimization and frequency calculation were first carried out with the def2-SVP basis set to determine the optimal geometry of each compound [S2]. Followingly, the larger basis set, which is the def2-TZVP basis set, was used for the single-point energy calculations. The weak interaction was then corrected to improve the accuracy of calculation with the DFT-D3 dispersion correction with the BJ-damping [S3]. Specifically, for the Gibbs free energy change, the SMD implicit solvation model was utilized to take the solvation effect into account [S4]. Finally, the single point energy of each compound was added to terms that experienced the free energy correction before to obatins the Gibbs free energy. After obtaining each Gibbs free energy, the free energy change of each step during the desolvation process can be calculated with the following equation. 

Adsorption energies and binding energies were calculated based on the DFT theory. All DFT calculations were carried out with the Vienna ab initio simulation package (VASP) [S5-S7]. The Perdew-Burke-Ernzerhof (PBE) functional with the generalized gradient approximation was utilized to describe the electronic exchange and correlation. [S8]. Then, the projector augmented-wave (PAW) method was used to treat the interaction between the valence electrons and ionic cores [S9]. Meanwhile, for the K-points on a Monkhorst-Pack grid, a value of 2*1*1 was set along with a cut-off voltage of 500 eV. A small SIGMA of 0.05 was adopted for the Gaussian smearing scheme. All of these DFT calculations were performed until the goal of minimizing forces was achieved with a convergence criterion of 0.02 eV Å-1. The DFT-D3 method proposed in the previous publication was used for the vdW-dispersion energy correction [S10]. The binding energy was calculated with the following equation. 

	For adsortion energies, Zn(101), Zn(100), and Zn(002) planes were selected as the exposed surface to calculate. Based on the adsorption configuration of Zn on these three planes, the curcumin is then adsorbed. Finally, the adsorption energies for these configurations were calculated with the following equation. 

	In this equation,  stands for the energy of the material with the adsorbed molecule;  is the energy of the material without the adsorbed molecule;  is the energy of the molecule under vacuum. 
S1.4 Phase-field model
The mechanism of the solid-liquid interface change, namely dendrite growth on the electrode surface and the change in electrolyte concentration, is described by means of COMSOL Multiphysics 6.2. The geometric model is simplified and set as a two-dimensional rectangle of 6 μm*6 μm. The top gives a fixed potential and concentration through the Dirichlet boundary condition, and the remaining boundaries are set as no flux. The initial conditions present three fixed initial nucleation sites at the bottom. The control equation is described as follows.
[bookmark: _Hlk200549769]Phase-field equation: The growth of zinc dendrites in the Phase field equation is described in the phase field method as the microstructure characteristics represented by continuous variables, that is, different phases are represented by an order parameter ().When =0 for the solid electrode, =1 for the liquid electrolyte. The continuous evolution process of this variable is facilitated by the interfacial free energy and coupled with the influence of the change in the electric potential field.

Where  is the interfacial mobility,  is the reaction rate constant.  is a double-well free energy function.  is an interpolating function for the electrode–electrolyte interface.  is the anisotropy surface energy for the depositing morphology, where  is a constant,  is the angle between the normal vector of the interface and the reference axis,  is the strength of surface energy anisotropy, and  is a mode number of the anisotropy.  is the transfer coefficient, n is the electron transfer number, F is the Faraday's constant,  is the overpotential, R and T are the gas constant and the temperature, respectively,  is the zincate ion concentration, and the initial electrolyte concentration, respectively.
Concentration field equation: The variation of ion concentration is controlled by diffusion, migration and electrochemical reaction consumption in the Nernste-Planck equation.


Where  and  are the site density and the initial electrolyte concentration, respectively.  is the effective diffusion coefficient, which is defined by the diffusion coefficient of the metal cation in the electrode () and in the electrolyte ().
Electric-field equation: Control the electric field based on the conservation of charge.

[bookmark: OLE_LINK3]
Where  and  are the conductivities of the electrode and electrolyte solution, respectively.
S2 Supplementary Figures
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Fig. S1 Digital image of the curcumin solution
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Fig. S2 Schematic demonstration of the Keto-Enol tautomerism
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Fig. S3 Nyquist plots of Zn||Zn symmetrical cells with zinc electrodes coated with different thicknesses of protective layers
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[bookmark: OLE_LINK1]Fig. S4 Voltage profiles of Zn||Zn symmetrical cells with different zinc anodes
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Fig. S5 Load-displacement curves of the PVDF@Zn and CUR@Zn
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Fig. S6 SEM images of the curcumin powder with the magnification of a 1000 times, and b 2000 times
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Fig. S7 SEM image of the CUR@Zn foil with 2000x magnification, and the corresponding elemental mapping
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Fig. S8 XRD patterns of a curcumin powder and curcumin layer precursor, and b curcumin layer-covered zinc foil
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Fig. S9 Electrostatic mapping of the water molecule
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Fig. S10 Adsorption energies of the H2O molecule and the curcumin molecule on Zn(100) and Zn(002) planes
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Fig. S11 CV curves of Zn||Zn symmetrical cells at various scan rates from 8 mV s-1 to 16 mV s-1, with a BareZn anode, and b CUR@Zn anode
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Fig. S12 Nyquist plots at different temperatures of Zn||Zn symmetrical cells with a BareZn anode and b CUR@Zn anode
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Fig. S13 EIS curves of cells with a BareZn anode and b CUR@Zn anode. The associated i-t curve of cells with c BareZn anode and d CUR@Zn anode. e The calculated Zn2+ transference number
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[bookmark: OLE_LINK18]Fig. S14 The contact angle between the electrolyte and the PDVF@Zn anode
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Fig. S15 Adsorption energy of Zn2+ on the Zn(100) and Zn(002) planes of the BareZn and CUR@Zn anodes
[bookmark: OLE_LINK19]8[image: ]
Fig. S16 The binding energy between one section of PVDF and Zn2+
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[bookmark: OLE_LINK2]Fig. S17 a Raman spectrum, and b FTIR spectrum of CUR@Zn foils before and after cycling for 30 cycles, insets show the new peak
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Fig. S18 The high-resolution XPS C 1s, O 1s, Zn 2p, and F 1s spectra of the curcumin layer after cycling
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Fig. S19 Electrostatic mapping of Curcumin-Zn2+-4H2O-OTf-, with Zn2+ attached on the -OH group
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Fig. S20 Profile of Gibbs free energy change for each step of the desolvation process with the curcumin participating in the solvation structure
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Fig. S21 XRD pattern of the pristine zinc foil
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[bookmark: OLE_LINK16]Fig. S22 Raman spectra of different anodes soaked in the electrolyte for 100 h
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Fig. S23 SEM images of the pristine zinc foil with the magnification of a 500 times, and b 5000 times. c Optical microscopic image of the pristine zinc foil
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Fig. S24 3D topology obtained by CLSM analysis of the pristine zinc foil
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Fig. S25 The initial nucleation overpotential using different anodes in Zn||Cu cells at the current density of a 1 mA cm-2, and b 2 mA cm-2
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Fig. S26 SEM images of the first deposition on the BareZn anode with the magnification of a 500 times, b 2000 times, and c 5000 times. SEM images of the first deposition on the CUR@Zn anode with the magnification of d 500 times, e 2000 times, and f 5000 times
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Fig. S27 SEM images of BareZn anode after cycling for 10 cycles with the magnification of a 500 times, and b 2000 times. SEM images of CUR@Zn anode after cycling for 10 cycles with the magnification of c 500 times, and d 2000 times
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Fig. S28 SEM images of the BareZn anode after 30 cycles with the magnification of a 500 times, b 2000 times, and c 5000 times. SEM images of the CUR@Zn anode after 30 cycles with the magnification of a 500 times, b 2000 times, and c 5000 times
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Fig. S29 Voltage profiles of Zn||Zn symmetrical cells with different Zn foils at 5 mA cm-2, 5 mAh cm-2
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Fig. S30 Voltage profiles of Zn||Zn symmetrical cells with different Zn foils at a 2 mA cm-2, 1 mAh cm-2, and b 1 mA cm-2, 0.5 mAh cm-2
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[bookmark: OLE_LINK5]Fig. 31 CE curves of Zn||Cu cells at 2 mA cm-2, 2 mAh cm-2
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Fig. 32 XRD pattern of the NVO powder
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Fig. S33 SEM image of the NVO powder and corresponding elemental mapping image
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Fig. S34 Charge-discharge curves of BareZn||NVO battery at 0.1 A g-1
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Fig. S35 Cycling performance of CUR@Zn||CuVO batteries a at 10 A g-1, and b at 1 A g-1. c Cycling performance of CUR@Zn||PANi battery at 1 A g-1
S3 Supplementary Table
Table S1 Phase-field simulation parameters
	Parameters
	Symbol
	Value
	Refs.

	Interfacial mobility
	Lσ
	2.7 × 10-7 m3 J-1 s-1
	[S11]

	Kinetic coefficient
	Lη
	0.001 s-1
	[S11]

	Electrons transferred
	n
	2
	-

	Transfer coefficient
	α
	0.5
	[S12]

	Initial electrolyte concentration
	c0
	1 × 103 mol m-3
	-

	Site density of electrolyte
	cs
	5.652 × 104 mol m-3
	[S11]

	Conductivity of the electrode
	σe
	107 S m-1
	[S12]

	Conductivity of electrolyte
	σs
	4.38 S m-1
	Measured

	Diffusivity of zinc ion
	D
	3.68 × 10-10 m2 s-1
	[S13]

	Temperature
	T
	298.15 K
	Ambient
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[bookmark: _Hlk207917632]Table S2 Comparison of the performance of Zn plating/stripping stability in published works employing the artificial protective layer
	
	Electrolyte
	Current density (mA cm-2)
	Areal capacity (mAh cm-2)
	Life(h)
	Accumulated cycling capacity (Ah cm-2)
	Coulombic efficiency
	Scalability a)
	Refs.

	CUR@Zn
	1 M Zn(OTf)2
	5
	5
	370
	1.85
	99.15%
	A
	This Work


	
	
	1
	1
	2000
	2
	
	
	

	Zn-doped MgF2
	1 M Zn(OTf)2
	1
	1
	500
	0.5
	-
	N
	[S14]

	PANZ@Zn
	2 M Zn(OTf)2
	1
	1
	1145
	1.145
	99.8%
	N
	[S15]

	PVB@Zn
	1 M ZnSO4
	0.5
	0.5
	2200
	1.1
	99.4%
	N
	[S16]

	In@Zn
	2 M ZnSO4
	0.2
	0.2
	1500
	0.3
	-
	N
	[S17]

	ZnF2@Zn
	2 M ZnSO4
	1
	1
	800
	0.8
	99.5%
	N
	[S18]

	C@Zn
	2 M ZnSO4
	1
	1
	400
	0.4
	-
	A
	[S19]

	PFPE@Zn
	1 M ZnSO4
	0.25
	0.25
	750
	0.1875
	99.2%
	N
	[S20]

	Cu@Zn
	3 M ZnSO4
	1
	0.5
	1500
	1.5
	91.8%
	A
	[S21]

	ZnTAPP-NTCDA-POP@Zn
	3 M ZnSO4
	0.5
	0.5
	1200
	0.6
	99.6%
	A
	[S22]

	ZrO2@Zn
	2 M ZnSO4
	0.5
	0.125
	3800
	1.9
	99.36%
	N
	[S23]

	Pencil graphite@Zn
	2 M ZnSO4
	0.1
	0.1
	200
	0.02
	~ 100%
	N
	[S24]

	ZIF-7@Zn
	2 M ZnSO4
	0.5
	0.5
	3000
	1.5
	-
	N
	[S25]

	NanoAu@Zn
	3 M ZnSO4
	0.25
	0.05
	2000
	0.5
	97.08%
	N
	[S26]

	β-PVDF@Zn
	2 M ZnSO4
	0.25
	0.05
	2000
	0.5
	96.5%
	N
	[S27]

	Na3V2(PO4)3@Zn
	2 M ZnSO4
	0.5
	0.25
	500
	0.25
	-
	N
	[S28]

	F-TiO2@Zn
	3 M ZnSO4
	2
	2
	280
	0.56
	-
	N
	[S29]

	CuN@Zn
	2 M ZnSO4
	0.5
	0.5
	800
	0.4
	-
	N
	[S30]

	Nb2O5@Zn
	2 M ZnSO4
	1
	0.5
	1000
	1
	98.01%
	N
	[S31]

	Zn-BTC@Zn
	2 M ZnSO4
	1
	1
	800
	0.8
	-
	N
	[S32]

	Sb2O3@Zn
	2 M ZnSO4
	1
	0.5
	1000
	1
	-
	N
	[S33]


a). The scalability was evaluated for the applicable (A) and the non-applicable (N). If there were digital pictures of scaled-up protected zinc foils and/or the performance of the pouch cell in related publications, the scalability of the strategy would be applicable; if not, it would be non-applicable. 

Table S3 Comparison of the performance of full batteries in published works employing the artificial protective layer
	Anode
	Cathode
	Electrolyte
	Current density (A g-1)
	Capacity retention
	Ref.

	CUR@Zn
	NVO
	1 M Zn(OTf)2
	0.1
	71.8% after 150 cycles
	This Work

	
	
	
	10
	86.5% after 3000 cycles
	

	CuZn5@Zn
	NMO
	2 M ZnSO4+0.2 M MnSO4
	1
	82.6% after 1500 cycles
	[S34]

	Nafion/Zn3(PO4)2@Zn
	MnO2
	1 M ZnSO4+0.1 M MnSO4
	0.8
	72.8% after 500 cycles
	[S35]

	iCOF-ED@Zn
	V2O5
	3 M Zn(OTf)2
	2
	80.8% after 1130 cycles
	[S36]

	PAN-TS@Zn
	MnO2
	2 M ZnSO4+1 M MnSO4
	0.3
	81.1% after 500 cycles
	[S37]

	MET-6@Zn
	KVOH
	2 M ZnSO4
	8
	82% after 1250 cycles
	[S38]

	ZnTAPP-NTCDA-POP@Zn
	NHVO
	3 M ZnSO4
	1
	~45% after 325 cycles
	[S39]

	SFM@Zn
	NHVO
	2 M ZnSO4
	2
	70.64% after 1000 cycles
	[S40]

	DLC/Sn-DLC/Zn
	Mn3O4-CNTs
	2 M ZnSO4+0.2 M MnSO4
	2
	88% after 5800 cycles
	[S41]

	CNC@AP-Zn
	V2O5
	2 M Zn(OTf)2
	1
	~37% after 1500 cycles
	[S42]

	cPANZ@Zn
	MnO2
	2 M ZnSO4+0.2 M MnSO4
	1
	90% after 300 cycles
	[S43]

	PEI-PSSNa@Zn
	PTO
	2 M ZnSO4
	5
	71.2% after 1300 cycles
	[S44]

	ZPPO@Zn
	V2O5
	2 M ZnSO4
	5
	90.5% after 1500 cycles
	[S45]

	F-CDs@Zn
	NHVO
	2 M ZnSO4
	1
	~58% after 500 cycles
	[S46]

	ZWO@Zn
	V6O13
	2 M ZnSO4
	1
	80% after 1000 cycles
	[S47]

	OSA-PAM@Sn-Zn
	MnO2
	2 M ZnSO4+0.1 M MnSO4
	1
	52.2% after 1000 cycles
	[S48]
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