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[bookmark: OLE_LINK27]Fig. S1 GCD profiles of Zn//PTCDA battery at 30 A g−1 within ZC, ZC-4PC, ZC-SPC electrolytes
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Fig. S2 3D snapshot of ZC electrolyte obtained from MD simulations and partial enlarged snapshot representing Zn2+ inner solvation structure
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Fig. S3 The pH of ZC, ZC-4PC, and ZC-SPC electrolytes
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Fig. S4 a) The LSV and b) Tafel plots of ZC and ZC‑SPC electrolytes, respectively.
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Fig. S5 Contact angle of PTCDA electrode with ZC, ZC-2PC, ZC-4PC, and ZC-SPC electrolytes
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Fig. S6 GCD profiles of Zn//PTCDA batteries at 30 A g−1
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Fig. S7 GCD profiles of Zn//PTCDA batteries at different current densities within a) ZC and b) ZC-SPC electrolytes
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Fig. S8 CV profiles of Zn//PTCDA batteries at current densities of 60 mV s−1 and 80 mV s−1 within ZC-SPC electrolytes
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Fig. S9 LSV profiles of Zn//PTCDA batteries measured at a scan rate of 0.5 mV s−1 in ZC-SPC and SPC electrolytes
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Fig. S10 a) The measured K and Zn content in the PTCDA discharged state at 30 A g−1. b-d) SEM image and corresponding mapping of the PTCDA cathode in the discharged state at 30 A g−1
[image: ]
Fig. S11 Cycling stability comparison of Zn//PTCDA batteries based on ZC-1PC and ZC-2PC electrolytes
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Fig. S12 Cycling stability comparison of Zn//PTCDA batteries with ZC-SPC electrolyte at 30 A g−1
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Fig. S13 The GCD curves for Zn// PTCDA with ZC-SPC electrolyte from different cycles
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Fig. S14 The EIS of Zn//PTCDA batteries before and after cycling
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Fig. S15 The XRD of PTCDA cathode for before and after cycling
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Fig. S16 The cycling performance of Zn//PTCDA batteries at a current density of 0.1 A g−1 in the ZC and ZC‑SPC electrolytes
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Fig. S17 Optical images of ZC and ZC-SPC electrolytes after immersing PTCDA electrodes for 7 days
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Fig. S18 Optical images of ZC and ZC-SPC electrolytes after being stored at −20 °C for 72 hours
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Fig. S19 The rate performance of Zn//PTCDA batteries with the ZC and ZC-SPC electrolytes at −20 °C
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Fig. S20 The EIS of ZC-SPC at room temperature and −20 ℃, respectively

[image: ]
Fig. S21 The measured K content in the PTCDA pristine and discharge state
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Fig. S22 The content of Zn before and after sputtering
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Fig. S23 SEM image and corresponding EDS elemental mapping of the PTCDA cathode in the discharged state
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Fig. S24 a) The CV curves of Zn//PTCDA batteries at different scan rates within ZC electrolytes. b) Log(i) versus log(v) plots of cathodic and anodic currents response at marked peaks in a)
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Fig. S25 Contribution ratios of the capacitive-controlled (filled area) and diffusion-controlled (blank area) capacities of Zn//PTCDA for a) ZC-SPC and b) ZC electrolytes at a scan rate of 0.5 mV s−1. c) Bar diagram for contribution ratio between capacitive-controlled capacities and diffusion-controlled capacities at different scan rates
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Fig. S26 The calculate diffusion coefficients via EIS of Zn//PTCDA batteries with ZC and ZC-SPC electrolytes, respectively
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Fig. S27 EIS curves tested under different temperature of (a) ZC-SPC and (b) ZC electrolytes
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Fig. S28 Schematic illustration of the desolvation process of (a) ZC and (b) ZC-SPC electrolytes
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Fig. S29 Schematic illustration of the intercalation process of (a) ZC-SPC and (b) ZC electrolytes

S2 Supporting Table
Table S1 Comparison of electrochemical performance of organic materials
	Cathodes
	Electrolyte composition
	Capacity (mAh g−1)
	Voltage (V)
	Rate capacity
(mAh g−1)
	Cycle life
	Ref.

	TRT
	2 M ZnSO4
	170 at 0.1 A g−1
	0.8
	100 at 2 A g−1
	61.9%/1000
	[S1]

	TCNAQ
	2 M ZnSO4
	166 at 0.05 A g−1
	1.2
	55 at 1 A g−1
	81%/1000
	[S2]

	PO
	2 M ZnSO4
	147 at 0.1 A g−1
	0.6
	90 at 1 A g−1
	94%/500
	[S3]

	OAP
	3 M Zn(CF3SO3)2
	129.6 at 0.2 A g−1
	0.5
	/
	85.8%/500
	[S3]

	PPy
	PVA–KCl– Zn(CH3COO)2 gel
	123 at 1.9 A g−1
	~0.8
	60 at 21.5 A g−1
	38%/200
	[S4]

	PDpBQ
	2 M ZnSO4
	120 at 0.1 A g−1
	1.16
	63 at 5 A g−1
	79%/500
	[S5]

	PTDM
	3 M Zn(OTF)2
	118.3 at 0.1 A g−1
	1.13
	71.5 at 10 A g−1
	65.6%/6400
	[S6]

	dNPC
	20 m LiTFSI +1 m Zn(TFSI)2
	109 at 0.05 A g−1
	1.3
	88 at 0.25 A g−1
	96%/500
	[S7]

	PDA/CNT
	3.3 M ZnSO4
	85 at 1 A g−1
	0.9
	42 at 5 A g−1
	96%/500
	[S8]

	π-PMC
	2 M ZnCl2
	122.9 at 0.2 A g−1
	~ 0.5
	76.9 at 32 A g−1
	80.8%/500
	[S9]
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