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S1 Theoretical calculations 
S1.1 DFT calculation
The Density functional theory (DFT) was used to calculate and visualize the electrostatic potential maps, LUMO-HOMO energy level, and binding energy, which was implemented by the Dmol3 program. The structure optimizations and calculations of the electrostatic potential maps and LUMO-HOMO energy level were performed at the BLYP level. Density functional theory (DFT) was carried out to obtain the binding interaction energies for ELA-H2O, ELA-Zn2+, and Zn2+-H2O. The geometry optimization was carried out by using PBE/def2-svp level, and the energy calculations were then calculated by using PBE/def2-tzvp level [S1, S2]. The basis set super position error (BSSE) has been considered [S3, S4]. The ORCA package has been used for all calculations [S5]. The binding energies for ELA and each adsorbed molecule were calculated using the following equation: 
                                                      ΔEB = ΔEcpx – ΔEELA −ΔEm                       (S1)
where ΔEB is the binding energy (kcal/mol), ΔEcpx the complex energy, ΔEELA is the ELA energy, and ΔEm is the energy of H2O or Zn2+.
S1.2 MD simulation
To investigate the structural and adsorption properties of ELA molecules in the presence of ZnSO4 and water, classical molecular dynamics (MD) simulations were performed using the DLPOLY 4.10 package [S6]. The initial simulation box had dimensions of 50×50×50 Å3, and simulations were carried out using the Nosé–Hoover ensemble at a temperature of 298 K [S7, S8]. Periodic boundary conditions were applied, and the minimum image convention was used. Short-range interactions were calculated with a cutoff radius of 12 Å, while long-range interactions were treated using the Ewald summation method [S9]. Each simulation system contained 36 ZnSO4 units and 1000 water molecules, randomly distributed. For equilibration, the system was first simulated under the NPT ensemble for 2 ns with a time step of 1 fs. Production runs were then performed under the NVT ensemble for 20 ns, with trajectories from the last 10 ns used to compute radial distribution functions (RDFs). The interaction of water molecules was modeled using the SPC/E model, in which the bond lengths and angles were fixed [S10, S11]. The DREIDING force field was applied for interactions between all other atom types [S12]. The Lennard-Jones (LJ) parameters for different atom pairs (, ) were derived from pure component values using the Lorentz-Berthelot mixing rules [S13], as given by:
                                  (S2)
Partial atomic charges, except for those of water molecules, were obtained from ORCA calculations using the Hartree-Fock method with the 6-31G(d) basis set and electrostatic potential (ESP) fitting via the CHELPG scheme [14].
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Fig. S1 Surface SEM image of zinc foil after immersion in ELA-H2O
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Fig. S2 Elemental mapping of zinc foil surface after immersion in ELA-H2O
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Fig. S3 Zn 2p XPS spectrum of zinc foil surface after immersion in ELA-H2O
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Fig. S4 CV curves of Zn||Zn symmetric cells in (a) ELA-10% and (b) ELA-0 electrolytes at different scan rates in the voltage range of -15 mV to 15 mV
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Fig. S5 Digital photographs showing the pH value of the ELA-0 electrolyte before and after cycling in Zn||Zn symmetric cells
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Fig. S6 Digital photographs showing the pH value of the ELA-10% electrolyte before and after cycling in Zn||Zn symmetric cells
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Fig. S7 Post-cycling thickness comparison of symmetric cells assembled with (a) ELA-0 and (b) ELA-10% electrodes at 5 mA cm-2 (2 mAh cm-2)
[image: ]
Fig. S8 Electrochemical impedance spectra of symmetric cells based on (a) ELA-10% and (b) ELA-0 at different temperatures
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Fig. S9 Hcp structure of Zn
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Fig. S10 Morphological observations of pure zinc foil at different magnifications: (a-b) surface and (c) cross-section
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Fig. S11 (a-b) Plan-view SEM images of cycled ELA-10% electrode at different magnifications
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Fig. S12 (a-b) Plan-view SEM images of cycled ELA-0 electrode at different magnifications
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Fig. S13 Cycling performance of symmetric cells with varying ELA concentrations at 1 mA cm-2 (0.5 mAh cm-2)
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Fig. S14 1H NMR spectra of the ELA-10% electrolyte before and after cycling in Zn||Zn symmetric cells
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Fig. S15 FTIR spectra of the ELA-10% electrolyte before and after cycling in Zn||Zn symmetric cells
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[bookmark: _Hlk211977509]Fig. S16 Cycling performance of symmetric cells with ELA-10% and ELA-0 at 6 mA cm-2 (3 mAh cm-2)
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  Fig. S17 Bar chart of rate performance
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Fig. S18 (a) Coulombic efficiency of Zn||Ti half-cells for ELA-10% and ELA-0 at 5 mA cm-2 (1 mAh cm-2). (b) Voltage-capacity curve of ELA-10% Zn||Ti half-cell. (c) Voltage-capacity curve of ELA-0 Zn||Ti half-cell
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Fig. S19 Preparation process of iodine cathode
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Fig. S20 Cycling schematic of ELA-0 Zn||I2 full cell
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Fig. S21 Cycling schematic of ELA-10% Zn||I2 full cell
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Fig. S22 High-resolution XPS N 1s spectra of the cathode before and after cycling
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Fig. S23 High-resolution XPS I 3d spectra of the cathode before and after cycling
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[bookmark: _Hlk187857186]Fig. S24 Galvanostatic charge-discharge curves of ELA-0 full cell
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Fig. S25 CV curves of ELA-10% and ELA-0 full cells
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[bookmark: _Hlk159842283]Fig. S26 Variable scan rate CV curves of ELA-10% full cell
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Fig. S27 UV-vis spectra contour plots of iodine dissolution from (a) ELA-0 and (b) ELA-10% electrodes
Table S1 Performance comparison between this work and recently reported imidazole-based additives as well as zinc–iodine batteries
	
	Strategy
	Current density
(mA cm-2)
	Capacity
(mAh cm-2)
	Cycle life
	Cumulative capacity
(A h cm-2)
	Reference

	1
	BmBr
	1
	1
	2600
	2.6
	[S15]

	2
	IS
	1
	1
	1800
	1.8
	[S16]

	
	
	3
	3
	400
	1.2
	

	3
	Bilayer SEI
	2
	1
	1600
	3.2
	[S17]

	
	
	10
	10
	950
	9.5
	

	4
	HEI
	1
	1
	4200
	4.2
	[S18]

	
	
	10
	10
	250
	2.5
	

	5
	BM
	4
	4
	2000
	8
	[S19]

	6
	[bookmark: OLE_LINK1]DCHE
	1
	1
	4800
	4.8
	[S20]

	
	
	5
	5
	800
	4
	

	7
	HSL
	2
	2
	3800
	7.6
	[S21]

	
	
	10
	10
	400
	4
	

	8
	TXE
	2
	2
	4000
	8
	[S22]

	9
	SP
	5
	2
	1200
	6
	[S23]

	10
	PVEMA
	1
	1
	3500
	3.5
	[S24]

	
	
	20
	10
	450
	9
	

	11
	ELA
	5
	2
	5400
	27
	this work

	
	
	8
	1
	5500
	44
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