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Experimental section

Materials: 

Pyrene, 1,5-cyclooctadiene (cod), bis(1,5-cyclooctadine)nickel (Ni(cod)2), bis(1,5-

cyclooctadiene)dimethoxydiiridium, 2,2′-bipyridyl,N,N-dimethylformamide (DMF), 

tetrahydrofuran, N-methyl pyrrolidone (NMP), CuBr2, ZnCl2, and Zinc foil (0.1 mm thick) were 

purchased from Acros, Alfa, TCI, and Aldrich, and they were used as received. Hexane, ethyl 

acetate, dichloromethane, methanol, ethanol and acetone were purchased from Sinopharm. Glass 

fiber (GF/D borosilicate) was purchased from Whatman. Carbon paper was purchased from Fuel 

Cell Store. The compounds of 1,3,6,8-tetrabromopyrene, 2,7-dibromopyrene, 1,3,6,8-

tetrakis(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pyrene and 1,6-dibromopyrene were 

prepared according to the literatures.1-4 

Methods:

Synthesis of LPy-1: Under the protection of N2, 1,5-cyclooctadiene (1.01 mL, 8 mmol) was added 

into the solution of bis(1,5-cyclooctadine)nickel (2.15 g, 7.8 mmol) and 2,2′-bipyridyl (1.22 g, 

7.8 mmol) in 150 mL DMF. The mixture was stirred at 80 oC for 1 hour to form the catalyst 

system. Then the solution of 2,7-dibromopyrene (500 mg, 1.4 mmol) in 40 mL DMF was added 

to the above solution and the resulting mixture was stirred at 80 oC for another 24 hours. After 

cooling to room temperature, to the mixture concentrated HCl (50 mL) was added. The 

precipitate was collected by filtrating and washed by methanol and water. LPy-1 was dried in 

vacuum oven at 90 oC and obtained with a yield of 72.7 %. 

BrBr

LPy-1

Synthesis of LPy-2: Under the protection of N2, 1,5-cyclooctadiene (1.01 mL, 8 mmol) was added 
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into the solution of bis(1,5-cyclooctadine)nickel (2.15 g, 7.8 mmol) and 2,2′-bipyridyl (1.22 g, 

7.8 mmol) in 80 mL DMF. The mixture was stirred at 80 oC for 1 hour to form the catalyst 

system. Then the solution of 1,6-dibromopyrene (500 mg, 1.4 mmol) in 40 mL DMF was added 

to the above solution and the resulting mixture was stirred at 80 oC for another 24 hours. After 

cooling to room temperature, to the mixture concentrated HCl (50 mL) was added. The 

precipitate was collected by filtrating and washed by methanol and water. LPy-2 was dried in 

vacuum oven at 90 oC and obtained with a yield of 61.4 %. 

Br

Br
LPy-2

Synthesis of CLPy: Under the protection of N2, 1,5-cyclooctadiene (1.01 mL, 8 mmol) was added 

into the solution of bis(1,5-cyclooctadine)nickel (2.15 g, 7.8 mmol) and 2,2′-bipyridyl (1.22 g, 

7.8 mmol) in 150 mL DMF. The mixture was stirred at 80 oC for 1 hour to form the catalyst 

system. Then 1,3,6,8-tetrabromopyrene (771 mg, 1.5 mmol) was added to the above solution and 

the resulting mixture was stirred at 80 oC for another 24 hours. After cooling to room 

temperature, to the mixture concentrated HCl (50 mL) was added. The precipitate was collected 

by filtrating and washed by methanol, water, acetone, and dichloromethane. CLPy was dried in 

vacuum oven at 90 oC and obtained with a yield of 76.1 %. 

Br

Br

Br

Br
CLPy

Synthesis of CL12Py: The chemicals of tetrakis(triphenylphosphine)palladium (0) (15 mg, 0.01 

mmol), K2CO3 (1.1 g , 8.0 mmol),  2,7-dibromopyrene (720 mg, 2 mmol), and 1,3,6,8-
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tetrakis(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pyrene (706 mg, 1 mmol), were added into a 

100 mL round bottom flask. The solvents of DMF (20 mL) and water (4 mL) were injected into 

the above flask in order. The reaction mixture was stirred at 150 oC for 48 h. After cooling down 

to temperature, the resulting precipitate was collected by filtration and thoroughly washed with 

methanol, H2O, acetone and CH2Cl2. The product was collected and dried in vacuum at 90 oC for 

24 h (yield, 75.5%). 

B B

BB

O

O

O

OO

O

O

O

+

Br

Br

CL12Py

Synthesis of CL16Py: The chemicals of tetrakis(triphenylphosphine)palladium (0) (15 mg, 0.01 

mmol), 1,3,6,8-tetrakis(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pyrene (706 mg, 1 mmol),  

K2CO3 (1.1 g , 8.0 mmol), and 1,6-dibromopyrene (720 mg, 2 mmol) were added into a 100 mL 

round bottom flask. The solvents of DMF (10 mL) and water (4 mL) were injected into the above 

flask in order. The reaction mixture was stirred at 150 oC for 72 h. After cooling down to 

temperature, the resulting precipitate was collected by filtration and thoroughly washed with 

methanol, H2O, acetone and CH2Cl2. The product was collected and dried in vacuum at 90 oC for 

24 h (yield, 61.4%). 
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Materials characterization and method: Solid-state 1H-13C CP/MAS NMR measurements were 

conducted on a JEOL RESONRNCE ECZ 400R NMR spectrometer at a MAS rate of 12 kHz. 

FTIR spectra were carried out on a NICOLET 5397 AVATAR 360 FTIR. PXRD was recorded 

on a DX-2700B diffractometer with Cu Kα radiation. Thermogravimetric analysis (TGA) 

measurement was performed by using a differential thermal analysis instrument (Q1000DSC + 

LNCS + FACS Q600SDT) over the temperature range from 25 to 800 oC under a nitrogen 

atmosphere with a heating rate of 10 oCmin−1. The elemental analysis measurement was achieved 

on a EURO EA30000 Elemental Analyzer. The morphology and element analysis of polypyrenes 

were collected on an environmental scanning electron microscopy with an energy dispersive 

spectrometer (FEI QUANTA 600F). The specific surface area and pore size distributions was 

evaluated by N2 adsorption at 77 K on an ASAP 2420-4 (Micromeritics) volumetric adsorption 

analyzer. Surface area was calculated in the relative pressure (P/P0) ranging from 0.05 to 0.20. 

Sample was degassed at 120 °C for 12 h under vacuum (10−5 bar) before analysis. Electron 

paramagnetic resonance measurement was conducted on the E500 (Bruker) to monitor the 

strength of pyrene radicals at different states. The DFT simulation on the electronic structure of 

polypyrenes was conducted by using Gaussian 09 at the B3LYP/6-31g(d) level. Density 

functional theory calculations for the binding energy are performed with the projector augmented 

wave (PAW) method. The exchange-functional is treated using the generalized gradient 

approximation (GGA) of Perdew-Burke-Ernzerhof (PBE) functional. The Integration accuracy is 

set as fine, SCF tolerance is fine, and the basis set is DNP+ in Dmol3 code. The equilibrium 

structure has been optimized with high precision. In addition, Spin polarizations was considered 

in all calculations. Finally, adsorbed energies of molecule were calculated as by: Eb=E(1+nA)-E1-

nE(A). Where E(1+nA) is the energy of polymer with anion A (Cl and [ZnCl4]), the E1 is the 

energy of polymer and E(A) is the energy of A, n is the number of A.

The electrochemical measurements of Polypyrene||Zinc batteries: The working electrode was 
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prepared by mixing polypyrene, ketjen black, and polyvinylidene fluoride (PVDF) (5: 3 :2 by 

mass) in N-methylpyrrolidinone (NMP) and the resulting slurry was coated on a carbon-fiber 

paper current collector before drying at 80 oC for 12 h in a vacuum oven. The active mass loading 

is around 1.5 mg cm−2. The cyclic voltammetry measurement was conducted in three-electrode 

cells using the polymers as cathodes, Zn metal as both the reference and counter electrodes, and 

ZnCl2 aqueous solution as the electrolyte. The galvanostatic charge/discharge performance of 

polypyrene was evaluated in two-electrode cells by using polypyrene as working electrode, Zn 

foil as both the reference and counter electrodes, and glass fiber membrane as the separator in 

ZnCl2 electrolyte with different concentrations. The cyclic voltammetry curves were run on a 

Gamry Interface 1010E workstation. The galvanostatic charge/discharge measurements were 

studied on an LANHE CT2001A battery tester.



7

(a)

(b)

(c)

Fig. S1 The EDX spectra of (a) LPy-1, (b) LPy-2 and (c) CLPy.
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Fig. S2 The TGA curves of LPy-1, LPy-2 and CLPy under a N2 atmosphere.
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Fig. S3 The SEM images of (a) LPy-1, (b) LPy-2 and (c) CLPy.
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Fig. S4 The (a) GCD curves and (b) cycling performance of conductive additive Ketjen black at 

room temperature.
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Fig. S5 The GCD profiles of (a) CLPy and (b) Ketjen black at 50 oC. The specific capacities of 

CLPy cathode and Ketjen black are 204 and 37 mAh g1, respectively. Therefore, the CLPy 

delivers a higher specific capacity of 182 mAh g1 after subtracting the capacity (22.2 mAh g1) 

from conductive carbon additive at 50 oC. In addition, the high temperature also decreased the 

Coulombic efficiency of the battery due to the increased side reactions in the battery at a higher 

temperature.

Fig. S6 The stability of Zn anode in a symmetric cell using 30 m ZnCl2 as the electrolyte and Zn 

metal as the both electrodes at 2 mA cm2 with an areal capacity of 4 mAh cm2.
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Fig. S7 Cyclic voltammogram curves for the polypyrenes at 0.1 V s1. (a) LPy-1. (b) LPy-2. (c) 

CLPy.
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Fig. S8 The structure characterization of CL12Py and CL16Py. (a) FT-IR spectra. (b) solid state 

13C NMR. The SEM images of (c) CL12Py and (d) CL16Py.
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Fig. S9 The properties of CL12Py and CL16Py. (a) UV/Vis absorbance spectra. (b) N2 

adsorption-desorption curves. (c) Pore size distribution curves.
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Fig. S10 The cycling performance of CL12Py and CL16Py. The specific capacity of CL16Py 

increased with cycling, indicating an activated process due to the continuous infiltration of the 

electrolyte into CL16Py, which should be attributed to its low surface area (Fig. S9). The highly 

crosslinked structure with high surface area up to 940 m2 g-1 enables CL12Py to show very stable 

cycling performance.
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Fig. S11 The polymer structures, properties and the specific capacities for the pyrene unit and the 

five synthesized polypyrenes. (a) The structure with numbered carbon (top) and the HOMO 

diagram (bottom) for the pyrene unit. (b) The polymer structures. (c) The surface areas. (d) The 

band gaps. (e) The specific capacities. (f) The HOMO distribution.
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Fig. S12 The GCD curves of CLPy with different resting time.

Fig. S13 The EDX data of CLPy at charged (left) and discharged (right) states. 

(a) (b)

Fig. S14 The optimized structures of CLPy bound with (a) Cl and (b) [ZnCl4]2. White: 

hydrogen; Gray: carbon; Green: chlorine; Purple: zinc.
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Fig. S15 The 200th GCD curves (a-c) and the cycling performance (d-f) of CLPy at 50 mA g1 in 

aqueous ZnCl2 electrolytes with different concentrations. 
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Fig. S16 The contact angle between ZnCl2 solution with different concentrations and CLPy: (a) 

15 m, (b) 20 m, (c) 25 m, (d) 30 m.
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Fig. S17 (a) The CV curves of CLPy at different scan rates. (b) The fitted linear relationship 

between log (scan rate) and log (peak current). The capacitive contribution at (c) 0.5, (d) 1, (e) 

1.5, and (f) 2 mV s1. 
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Table S1. The comparison of electrochemical performance of CLPy with those of anion-hosting 

organic cathodes in recent investigations.

Sample Electrolyte
Charge 

carrier

Capacity 

(mAh/g)

Capacity retention

(cycles, current)
Ref.

CLPy aq. 30 m ZnCl2 Cl 180
97.4% (800, 0.05 A/g)

96.4% (38000, 3 A/g)

This 

work

Polyindole aq. 1 M ZnCl2 Cl 81 98% (200, 500 A/cm2) 5

Poly(2-ethynyl(exTTF)) aq. 1 M Zn(BF4)2 BF4
 106 86% (10000, 1.06 A/g) 6

PTPAn aq. 21 m LiTFSI TFSI 105 86% (700, 0.5 A/g) 7

PTVE aq. 0.1 M ZnCl2 + 0.1 M NH4Cl Cl 131 65% (500, 0.5 A/g) 8

BDB aq. 19 m LiTFSI + Zn(OTf)2
TFSI, 

OTf
125 82% (500, 0.39 A/g) 9

OPr 1 M NaClO4 in PC ClO4
 121 69% (50, 0.02 A/g) 10

FWNT/polyaminopyrene 1 M LiPF6 in EC:DMC PF6
 175 85% (11000, 10 A/g) 11

poly(nitropyrene-co-pyrene) AlCl3/[EMIm]Cl AlCl4
 100 ~ 80% (1000, 0.2 A/g) 12

PPYS/COFs 1 M LiClO4 in PC ClO4
 145 > 100% (1000, 1 A/g) 13

PVMPT 1 M LiPF6 in EC:DMC PF6
 56 ~100% (10000, 1.12 A/g) 14

X-PVMPT 1 M LiPF6 in EC:DMC PF6
 112 95% (1000, 0.112 A/g) 15

P1a 1 M LiPF6 in EC:DMC PF6
 35 > 100% (30000, 3.6 A/g) 16

Et-PXZ/SWNT 5 M LiClO4 in EC:DMC ClO4
 244.2 86% (100, 0.3 A/g) 17

3PXZ/CMK-3 2 M LiTFSI in DOL/DME TFSI 112 80% (500, 0.645 A/g) 18

Perylene 1 M LiPF6 in EC:DEC PF6
 ~90 ~50% (1800, 0.02 A/g) 19

P1 1 M KPF6 in DMC PF6
 ~170 ~68% (1500, 10 A/g) 20

PDPPD 1 M LiPF6 in EC:DMC PF6
 102 67% (5000, 20.9 A/g) 21

P3 1 M LiClO4 in EC:DMC ClO4
 133 85% (200, 0.204 A/g) 22
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