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Fig. S1 Differential capacitance-potential curves of Zn||Ti asymmetric cells measured by ACV
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Fig. S2 XPS depth profile of Zn anodes after 20 cycles at 1 mA cm-2 for 1 mAh cm-2 in (a) ZS and (b) Pah+
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Fig. 3 In situ FTIR spectroscopy of Zn anode surfaces during charging at 0.5 mA cm−2 in (a) ZS and (b) Pah+ electrolytes
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Fig. S4 Raman spectra of Zn anode surfaces in different electrolytes
[image: 图表, 直方图

描述已自动生成]
Fig. S5 1H NMR spectra of different electrolytes in D2O
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Fig. S6 MD simulation and calculated RDF of (a) ZS and (b) Pah+ electrolytes
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Fig. S7 Fitted plots of Rct measured at various temperatures based on the Arrhenius equation
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Fig. S8 XRD patterns of Zn foils soaked in different electrolytes for 7 days
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Fig. S9 SEM and corresponding EDS mapping of Zn foils soaked in (a) ZS and (b) Pah+ for 7 days
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Fig. S10 EIS Nyquist plots of Zn||Zn symmetric cells during the aging process from 1 to 12 h in (a) ZS and (b) Pah+
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Fig. S11 Deconvoluted DRT profiles for Zn||Zn symmetric cells aged for 12 h in two types of electrolytes
DRT plots of Zn||Zn symmetric cells revealed six characteristic peaks with different time constants [S1]:
P1: at ~ 0.035 ms, relaxation of electrons.
P2: at ~ 0.002 s, adsorption of Zn(H2O)62−.
P3: at ~0.011 s, desolvation of Zn(H2O)62−.
P4: at ~0.08 s, migration and crystallization of Zn ions and atoms on the electrode.
P5: at ~0.6 s, charge transfer across the interfaces.
P6: at ~6.5 s, mass transfer.
[image: 图表, 条形图

AI 生成的内容可能不正确。]
Fig. S12 Ionic conductivity of different electrolytes
ZS (with Cl−) refers to the 2 M ZnSO4 containing ZnCl2 additive, which is the controlled sample studied in this work.
ZS (pristine) refers to the pristine 2 M ZnSO4 and ZS (with 2 wt.% Pah+) refers to the 2 M ZnSO4 containing Pah+ additive.
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Fig. S13 Galvanostatic discharge curves of Zn||Cu asymmetric cells in different electrolytes at 2 mA cm−2 for 10 mAh cm−2
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Fig. S14 Chronoamperometry i-t curves of Zn||Zn cells in different electrolytes with −150 mV potential bias
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Fig. S15 Transference number measurement for symmetric cells in (a) ZS and (b) Pah+ using the Bruce-Vincent method
The transference number of Zn2+ (tZn2+) was calculated using the Bruce-Vincent method by fitting with the following equation:

Where the  and  refer to the current of the initial and steady states,  and  refer to the resistance of the initial and steady states,  is the applied polarization voltage (20 mV).
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Fig. S16 CLSM image of Zn deposits in Zn||Zn symmetric coin cells at 2 mA cm−2 for 10 mA cm−2 in (a) ZS and (b) Pah+
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Fig. S17 XRD pole figures of Zn deposits in Zn||Zn symmetric coin cells with ZS electrolyte
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Fig. S18 XRD patterns of Zn deposits in different electrolytes
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Fig. S19 Adsorption of Pah+ on Zn (100) and (101) surfaces
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Fig. S20 XRD patterns of Zn anodes during different deposition time with the current of 5 mA cm−2 in (a) ZS and (b) Pah+, and (c) the intensity ratio between Zn (002) and (101) facets (inserted with the digital photos of Zn anodes after deposition)
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Fig. S21 SEM images of Zn anodes in (a) ZS and (b) Pah+ after 20 cycles at 1 mA cm−2 for 1 mAh cm−2
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Fig. S22 In situ optical microscopy images of Zn plates deposited in (a) ZS and (b) Pah+ at fixed current of 2 mA cm−2 for a duration of 180 minutes
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Fig. S23 Voltage profiles of Zn||Cu asymmetric cell in (a) ZS and (b) Pah+
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Fig. S24 Rate capability of Zn||Zn cells
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Fig. S25 Cycling performance of Zn||Zn symmetric cell in 4 wt.% Pah+ at 5 mA cm−2 for 5 mA cm−2
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Fig. S26 Cycling performance of Zn||Zn symmetric cell in ZS at 1 mA cm−2 for 1 mA cm−2

[image: 图形用户界面, 应用程序

AI 生成的内容可能不正确。]
Fig. S27 SEM image and the EDS mapping of the cathode cross section
The observed N signals are attributed to the adsorption of Pah+ on the cathode surface, where it interacts with iodine species to immobilize them and suppress their shuttling.

[image: ]
Fig. S28 DRT plots of Zn-iodine batteries after discharging at 1 mA cm−2 for 10 min
P1: relaxation of electrons at Zn metal anode.
P2: relaxation of electrons at iodine cathode.
P3: adsorption of Zn(H2O)62−.
P4: desolvation of Zn(H2O)62−.
P5: migration and crystallization of Zn ions and atoms.
P6: charge transfer across the interfaces.
P7: mass transfer process.
P8: diffusion of polyiodide species.
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Fig. S29 Optical images of the membranes in (left) ZS and (right) Pah+ after the discharging process at 1 mA cm−2 for 60 minutes
(Observed from the Zn metal anode side, below the membrane is the iodine cathode.)
[image: 图表

AI 生成的内容可能不正确。]
Fig. S30 Calculated diffusion distribution of (a) ZS and (b) Pah+ electrolyte by DLS measurement
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Fig. S31 CV profiles of Zn-iodine batteries within the voltage of 0.6 to 1.6 V at different scan rates in (a) ZS and (b) Pah+, and the linear fitting of log (v) versus log (i) of batteries with (c) ZS and (d) Pah+
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Fig. S32 Calculated capacity contribution at different scan rates in ZS
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Fig. S33 Rate capability of Zn-iodine batteries. (a) Galvanostatic charge-discharge profiles of Zn-iodine battery in ZS and (b) comparison of rate performance in different electrolytes
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Fig. S34 Self-discharge behavior of Zn-iodine batteries in 2 M ZnSO4 electrolyte with (a) 1 wt.% and (b) 4 wt.% of Pah+, and (c) 2 wt.% PAAm
To effectively suppress interfacial side reactions (e.g., corrosion) and stabilize the Zn metal anode, a minimum Pah+ concentration of 0.5 wt.% is required. However, this concentration is insufficient to achieve a shuttle-free iodine cathode. Our aging experiments reveal that 2 wt.% Pah+ represents the optimal concentration. When using a lower concentration (1 wt.%), the Zn-iodine battery retains 81.1% of its capacity after 72 h, whereas this retention increases to 88.2% at 2 wt.% Pah+. Further increasing the concentration to 4 wt.% does not improve performance (86.4% retention), likely due to compromised Zn anode stability from excessive Cl– and sluggish redox kinetics caused by reduced ionic conductivity. Considering both cathode stability and cost-effectiveness, we selected 2 wt.% Pah+ as the optimal concentration for this study. 
While the neutral containing -NH2 groups in the molecular chain, the weak Lewis acid-base interaction and/or ion-dipole interaction between -NH2 and polyiodides compared to the Coulombic interactions exhibit limited contribution to polyiodide immobilization. This demonstrates the critical role of cationic sites in long-chain molecules in stabilizing polyiodides and alleviating the shuttle effect.
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Fig. S35 GCD curves of Zn-iodine batteries at 1 C in ZS and Pah+
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Fig. S36 GCD curves of Zn-iodine batteries at 10 C in Pah+ after (a) 50th and (b) 10000th cycle
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Fig. S37 (a) Comparison of Zn-iodine batteries with different loadings at the first cycle in Pah+ and (b) the Long-term cycling of Zn-Iodide coin cell at high in Pah+ at 1 C
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Fig. S38 (a) and (b) GCD profiles of the pouch cell with 3×4 cm2 cathode at 25 mA, and (c) cycling performance and (d) GCD curves of Zn-iodine pouch cell with 5×6 cm2 cathode
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Fig. S39 Digital photograph of the series circuit of two single-layer pouch cells and the open-circuit potential measured with a multimeter
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Fig. S40 Kramers-Kronig validity test of EIS data measured for Zn||Zn symmetric cells in (a) ZS and (b) Pah+ during aging process
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Fig. S41 Kramers-Kronig validity test of EIS data measured for Zn-iodine batteries in (a) ZS and (b) Pah+ during aging process
Table S1 Comparison of recently reported performance of Zn metal anodes by additive strategy
	Baseline electrolyte
	Additives
	Testing condition
	Lifespan
	Refs.

	3 M ZnSO4
	0.05 M Gd3+
	1 mA cm−2/1 mAh cm−2
	2100 h
	 [S2]

	2 M ZnSO4
	0.5 M pyridine oxide
	1 mA cm−2/1 mAh cm−2
	2300 h
	 [S3]

	1 M ZnSO4
	5-sulfosalicylic acid
	2 mA cm−2/0.5 mAh cm−2
	1400 h
	 [S4]

	1 M ZnSO4
	D-valine
	2 mA cm−2/0.5 mAh cm−2
	4150 h
	 [S5]

	1 M ZnSO4
	75 mM erythritol
	1 mA cm−2/1 mAh cm−2
	1800 h
	 [S6]

	2 M ZnSO4
	0.05 M 1-Butyl-3-methylimidazolium Bromide
	1 mA cm−2/1 mAh cm−2
	2700 h
	 [S7]

	1 M ZnSO4
	0.5 M 18-crown-6
	1 mA cm−2/1 mAh cm−2
	1700 h
	 [S8]

	1 M Zn(OTf)2
	1 wt.% polysorbate
	1 mA cm−2/1 mAh cm−2
	8060 h
	 [S9]

	1 M ZnSO4
	20 mM citric acid+10 mM aspartame
	1 mA cm−2/1 mAh cm−2
	4500 h
	 [S10]






Table S2 Comparison of recently reported electrochemical performance of Zn-iodine batteries
	Strategy
	Materials
	I2 loading
(mg cm−2)
	Capacity
(mAh g−1)
	Retention 
(after cycles)
	Pouch cell performance
	Refs.

	
	
	
	
	
	Capacity 
(mAh cm−2)
	Cycles
(Retention)
	

	Iodine hosts
	Cu-SAC
	~ 2
	121 (5A g−1)
	92.5% (5000)
	n.a.
	n.a.
	 [S11]

	
	Fe-SAC
	1.2 ~ 1.8
	198.5 (5A g−1)
	85.5% (50000)
	3.0
	200 (82.3%)
	 [S12]

	
	B-Fe-NC
	~ 1
	172 (5 C)
	90% (10000)
	~ 0.6
	300 (90%)
	 [S13]

	
	NS-YP80F@ I2
	~ 1.5
	127 (50 C)
	76.8% (15000)
	~ 0.2
	n.a.
	 [S14]

	Separator
design
	UiO-66-(COOH)2/GF
	
	164.8 (10 C)
	63% (35000)
	n.a.
	n.a.
	 [S15]

	
	polyPTX
	~ 3.2
	240 (2A g−1)
	96.1% (10000)
	~ 6.4
	400 (99.6%)
	 [S16]

	
	PDDA@GF
	2 ~ 3
	163 (1 A g−1)
	85.8% (10000)
	5.24
	400 (87.2%)
	 [S17]

	
	cCNF/AC@I2
	
	151.3 (3 A g−1)
	98.1% (9000)
	2.6
	n.a.
	 [S18]

	
	SPES+LAS
	
	~170 (2 C)
	92% (20000)
	
	
	 [S19]

	Electrolyte additive
	Zinc pyrrolidone carboxylate
	~ 3 mg
	186.7 
(10 A g−1)
	87% (30000)
	n.a
	n.a
	 [S20]

	
	n-butanol
	~ 1.45
	0.39 mAh cm−2
(5 A g−1)
	88.23% (30000)
	n.a
	n.a
	 [S21]

	
	Trimethylamine hydrochloride 
	~ 5
	450 (2 A g−1)
	93% (5000)
	1.6
	n.a
	 [S22]

	
	1-(2-hydroxyethyl) imidazole (10 vol%)
	9.7
	122.2 (2 A g−1)
	52.1% (30000)
	1.167
	n.a
	 [S23]

	
	Pyridine (~12 mM)
	3.15
	138.8 (2 A g−1)
	92% (10000)
	n.a
	n.a
	 [S24]

	
	Poly(allylamine hydrochloride) 
	~ 20
	230 (1 C)
	91% (1000)
	5.08
	300 (88.4%)
	This work

	
	Poly(allylamine hydrochloride) 
	~ 20
	170 (10 C)
	93% (10000)
	5.08
	300 (88.4%)
	This work
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