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Experimental Section

Chemicals: Benzimidazole (98%), 1-hexanol (98%), n-heptane (99%), zinc acetate dihydrate 

(Zn(CH3COO)2⋅2H2O, 98%), zinc sulphate (ZnSO4⋅7H2O, AR) and zinc trifluoromethanesulfonate 

(Zn(CF3SO3)2, AR) were purchased from Aladdin. Cetyltrimethylammonium bromide (CTAB, 

C19H42NBr, 99%) was purchased from Macklin. Potassium hydroxide (KOH, 95%) was purchased 

from 3A Chem. Deionized water with a resistivity of 18.25 MΩ cm was used. Carbon fiber clothes 

were provided by ElectroChem Inc (USA). Zinc plates were purchased from Corud. All the chemicals 

were used without further purification.

Synthesis of Zn(bim)(OAc): Zn(bim)(OAc) was synthesized according to a previously reported 

proced. with some modifications.1 5.4 ml benzimidazole solution (0.6 M in 1-hexanol) and 2.7 ml 
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zinc acetate dihydrate solution (1.2 M in water) were added to a suspension containing 3.645 g CTAB 

and 200 ml of the mixt. of n-heptane and 1-hexanol (V: V=9:1) under stirring. The reaction solution 

was stirred vigorously at room temperat. for 10 min and then heated to 60 °C for a further 20 hours’ 

reaction to achieve Zn(bim)(OAc). Subsequently, the solution was centrifuged at 8000 r for 8 minutes, 

washed three times with n-heptane, and dried in an oven at 75 °C for 24 hours to obtain 

Zn(bim)(OAc).

Synthesis of NOCNS: Zn(bim)(OAc) was put into a tube furnace under an Ar flow for 2 h to 

exclude air, and then carbonized at different temperat.s (600 °C, 700 °C, 800 °C, 900 °C, and 1000 

°C) for 2 h with a heating rate of 5 °C min-1 to produce NOCNS-T (T = 600, 700, 800, 900, and 1000, 

respectively, Table S1).

Synthesis of A-NOCNS: The NOCNS was thoroughly mixed with KOH activation reagent at a 

NOCNS/KOH weight ratio of 1:4. Subsequently, the mixt. was transferred into a tube furnace and 

activated under an Ar flow at different temperat.s (300 °C, 400 °C, and 500 °C) for 30 minutes with 

a heating rate of 5 °C min-1. After activation, the yielded powders were washed by dilute HCl aqueous 

solution and distilled water thoroughly and finally dried at 80 °C overnight to gain MOF-derived 

carbon (classified as A-NOCNS-T and the name rules are shown in Table S1).

Characterizations: XRD patterns of as-made samples were collected using a powder X-ray 

diffractometer (XRD, Rigaku Mini Flex 600 with Cu Kα radiation). Raman spectra were recorded 

using a Raman spectrometer (WITec Alpha 300R). Morphological feat.s of the samples were 

characterized by scanning electron microscope (SEM, Verios G4, FEI), transmission Electron 

Microscope (TEM, FEI Talos F200X), and atomic Force Microscope (AFM, Bruker). BET and the 

pore struct. of the samples were characterized by the N2 gas sorption test (Micromeritics 3Flex). The 

compositions of the samples were investigated using energy dispersive spectroscopy (EDS). The 



surface compositions of the samples were analyzed by X-ray photoelectron spectroscopy (XPS, 

Thermo Fisher Scientific KAlpha). WCA meas.ments were characterized by a contact angle meter 

(Dong Guan Precise Test Equipment Co., Ltd).

Electrochemical Performance Measurements: The cathode electrodes are prepared as follows: 

Mix 80wt% activated carbon, 10wt% carbon black, and 10wt% polyvinylidene difluoride (PVDF) 

binder in n-methyl-2-prrodilinone (NMP) solvent to form a slurry, which was painted onto carbon 

cloth current collector and dried at 70 °C in a vacuum oven for 10 h. The active mass loading of the 

electrodes is ~1.0 mg cm-2. The electrochemical performance of the electrodes was meas.d via a three-

electrode system and all the data were collected by an electrochemical workstation (VSP, BioLogic). 

For the 3-electrode test set, the as-synthesized cathode electrodes as the working electrode, standard 

Hg/HgO electrode as the reference electrode, and Pt foil (1*2 cm2) as the counter electrode were 

employed. The cycling stability tests of the as-synthesized materials were tested using a program-

control automatic system (NEWARE-CT-4008). The accuracy of the electronic balance is d=0.01 mg 

(METTLER TOLEDO-ME55)

Assembly of ZIHSCs: The as-prepared cathode electrodes, Zn foil anode (1*1 cm2), and neutral 

electrolytes (2M Zn(CH3COO)2, 2M ZnSO4, and 2M Zn(CF3SO3)2) were employed to assemble the 

ZIHSCs.

The specific capacity (Qs, mAh g-1), energy density (E, Wh kg-1), and power density (P, W kg-1) of 

ZIHSCs were calculated based on equations (1-3):
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I (A) is the corresponding current. m (g) is the mass of positive materials. Vs (V) is the operating 

voltage. ti and tf are the initial and final values of discharge time t (s).



Table S1. Name rules for the as-obtained carbonized materials.
Number Temperat. (°C) Name

1 600 °C NOCNS-600
2 700 °C NOCNS-700
3 800 °C NOCNS-800 (NOCNS)#

4 900 °C NOCNS-900
5 1000 °C NOCNS-1000
6 800 °C, 300 °C A-NOCNS-300
7 800 °C, 400 °C A-NOCNS-400 (A-NOCNS)#

8 800 °C, 500 °C A-NOCNS-300
# For convenience, NOCNS-800 is abbreviated as NOCNS, and A-NOCNS-400 is abbreviated as A-NOCNS.

Fig. S1. SEM images of (a) Zn(bim)(OAc), (b) NOCNS, and (c) A-NOCNS.



Fig. S2. TEM images of (a) Zn(bim)(Oac) and (b) NOCNS; (c) HAADF image of NOCNS; (d-f) TEM elemental 
mapping images of NOCNS; (g-i) TEM images of A-NOCNS; (j-l) TEM elemental mapping images of A-NOCNS. 



Fig. S3. XRD patterns: (a) Zn(bim)(OAc); (b) NOCNS-T (T= 600, 700, 800, 900, 1000); (c) A-NOCNS-T (T= 300, 
400, 500).

Fig. S4. XPS spectra of NOCNS: (a) C 1s,  (b) N 1s, and (c) O 1s.

Table S2. Porosity characteristics of the as-obtained A-NOCNS and NOCNS.

Sample Vt
(cm3 g-1)

SBET
(m2 g-1)

Smicropore
(m2 g-1)

Smicropore/SBET
(%)

NOCNS 0.52 396.12 147.88 37.33
A-NOCNS 0.42 528.38 279.87 52.97



Fig. S5. (a-d) Electrochemical performance of NOCNS-700: (a) CV curves, (b) GCD curves, (c) Calculated specific 
capacitance results, and (d) EIS spectra; (e-h) Electrochemical performance of NOCNS-900: (e) CV curves, (f) 
GCD curves, (g) Calculated specific capacitance results, and (h) EIS spectra; (i-l) Electrochemical performance of 
NOCNS-1000: (i) CV curves, (j) GCD curves, (k) Calculated specific capacitance results, and (l) EIS spectra.

Fig. S6. Electrochemical performance of NOCNS (NOCNS-800): (a) CV curves; (b) GCD curves; (c) Calculated 
specific capacitance results; (d) EIS spectra. (e) Long-term cycling performance for NOCNS and A-NOCNS at the 
current density of 10 A g-1.



Fig. S7. Comparison of (a) CV curves at a scan rate of 20 mV s-1 in 2M KOH, (b) Calculated specific capacitance 
at different current densities, and (c) EIS spectra of NOCNS-T samples.

Fig. S8. (a-d) Electrochemical properties of A-NOCNS-300: (a) CV curves at different scan rates, (b) GCD curves, 
(c) Calculated specific capacitance at different current densities, and (d) EIS spectra. (e-h) Electrochemical 
properties of A-NOCNS-500: (e) CV curves at different scan rates, (f) GCD curves, (g) Calculated specific 
capacitance at different current densities, and (h) EIS spectra.



Fig. S9. Comparison of (a) CV plots at 20 mV s-1, (b) Specific capacitance results, and (c) EIS spectra of A-NOCNSs 
in different activation temperat.s (A-NOCNS-300, A-NOCNS-400, and A-NOCNS-500).

Fig. S10. The electrochemical properties of ZIHSCs based on NOCNS in ZnSO4 electrolyte: (a) CV curves at 
different scan rates; (b) GCD curves at various current densities; (c) Specific capacity at various current densities. 
(d) Cycling stability based on A-NOCNS and NOCNS for 20000 cycles at 10 A g-1.



Fig. S11. (a) The b-value obtained from the linear relationship between log(i) and log(v). (b) The percentage of 
capacitive contributions at different scan rates of A-NOCNS//Zn(CF3SO3)2//Zn ZIHSC. (c) Cycling stability for 

A-NOCNS in ZnSO4 and Zn(CF3SO3)2 electrolyte for 20000 cycles at 10 A g-1.

Fig. S12. The electrochemical properties of ZIHSCs based on A-NOCNS in Zn(CH3COO)2 electrolyte: (a) CV 
curves at different scan rates; (b) GCD curves at various current densities; (c) Specific capacity at various current 
densities; (d) Cycling stability for 20000 cycles at 1 A g-1.



Table S3. Comparison of electrochemical properties of ZIHSCs assembled by diverse carbon-based cathodes.

Materials Electrolyte
Potential 

(V)

Specific 

capacity (mAh 

g-1)/ Current 

density (A g-1)

Capacity 

retention (%)/ 

Cycle number 

(n)

Capacity 

retention (%)/ 

Current density 

range (A g-1)

Energy 

density 

/

Wh kg-1

Power 

density 

/

kW kg-1

Ref.

CPMD 3 M ZnSO4 0-1.8 167.5 / 0.1 92.2 / 10000 44.8%/ 0.1-20 150.3 10.3 2

ZDC 2 M ZnSO4 0.2-1.8 151.5 / 0.5 75 / 20000 37.1%/ 0.5-20 121.2 16 3

WC-

6ZnN-

12U

2 M ZnSO4 0.2-1.8 111 / 0.1 92.7 / 50000 57.6%/ 0.1-3 109.5 6.75 4

PCNF-4 1 M ZnSO4 0-1.7 177.7 / 0.5 ~90 / 10000 / 142.2 15.39 5

LHPC-

900
1 M ZnSO4 0.2-1.8 132.4 / 0.1 97 / 10000 33.6%/ 0.1-20 135 10.2 6

NPC 1 M ZnSO4 0-1.8 136.2 / 0.3 98.9 / 60000 50.8%/ 0.3-15 122.58 12.8 7

2DPC90 2 M ZnSO4 0.2-1.8 198.4 / 0.2 ~100 / 10000 57.2%/ 0.2-20 199.4 18.9 8

C-0.6 2 M ZnSO4 0.2-1.8 181.67 / 0.05 91.25 / 40000 38.5%/ 0.05-20 145.2 14.5 9

GRPC-

A13
2 M ZnSO4 0.2-1.8 177 / 0.5 ~83 / 20000 20.3%/ 0.5-10 116 8 10

MEHC-3 2 M ZnSO4 0.2-1.8 132.9 / 0.2 94.7 / 20000 77.7%/ 0.5-5 106.4 40 11

AC 2 M ZnSO4 0.2-1.8 121 / 0.1 91.0 / 10000 33.9%/ 0.1-20 84 14.9 12

AC 2 M ZnSO4 0.2-1.8 132 / 0.1 72 / 20000 11.4%/ 0.1-16 140.8 2.85 13

O-riched 

PC
1 M ZnSO4 0.2-1.8 132.7 / 0.2 87.6 / 10000 41.1%/ 0.2-4 82.4 3.76 14

N-HPC 2 M ZnSO4 0.2-1.8 136.8 / 0.1 90.9 / 5000 48.6%/ 0.1-10 191 3.6 15

Graphene

oxide 

film

2 M ZnSO4 0.2-1.8 99.3 / 0.2 ~90 / 10000 60.4%/ 0.2-10 76.2 3.54 16

MDPC-2
2 M 

Zn(CF3SO3)2
0-1.8 161.7 / 0.5 96.5 / 10000 45.5%/ 0.5-50 145.5 45 17

NPFC700
2 M 

Zn(CF3SO3)2
0.2-1.8 163.6 / 0.1 ~99 / 10000 57.9% / 0.1-20 60.1 35.9 18

PZC-

A750

1 M 

Zn(CF3SO3)2
0.2-1.8 124 / 0.25 ~100 / 10000 65.9% / 0.25-20 107.3 16.65 19

AC
1 M 

Zn(CF3SO3)2
0-1.8 94.4 / 0.1 ~91 / 20000 ~86% / 0.1-2 52.7 3.02 20

aMEGO
3 M 

Zn(CF3SO3)2
0-1.9 110.83 / 0.1 93 / 80000 ~47.6% / 0.1-20 106.3 31.4 21

PSC-

A600

1 M 

Zn(CF3SO3)2
0.2-1.8 183.7 / 0.2 92.2 / 10000 44.5% / 0.2-20 147.0 15.7 22

HPC-600
1 M 

Zn(CF3SO3)2
0.2-1.8 169.4 / 0.1 93.1 / 60000 57.6% / 0.1-20 125.1 16.1 23

HPAC
3 M 

Zn(CF3SO3)2
0-1.8 172.7 / 0.1 70 / 18000 69.1% / 0.1-20 117 11.4 24

PCC-3
1 M 

Zn(CF3SO3)2
0.2-1.8 153.33 / 0.5 99 / 10000 66.7% / 0.5-20 119.0 13.24 25



2 M ZnSO4 0-1.9 141.19 / 0.2 88.97 / 20000 49.9%/ 0.2-5 134.14 5.36
A-

NOCNS 2 M 

Zn(CF3SO3)2
0-1.9 176.48 / 0.2 90.23 / 20000 34.9%/ 0.2-30 162.88 28.43

This 

work

Fig. S13. (a-c) SEM images of A-NOCNS at different charge/discharge states in Zn(CF3SO3)2.
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Fig. S14. XPS survey spectra of A-NOCNS at different charge/discharge states in Zn(CF3SO3)2.



Table S4. The content of different coordinated C groups in the high resolution XPS spectra of C 1s in the A-NOCNS 
cathode of the corresponding ZIHSC at different charge/discharge states.

Zn(CF3SO3)2 ZnSO4
Element Valence state Binding 

energy (eV) Content (%) Binding 
energy (eV) Content (%)

sp2C 284.8 61.08 284.8 65.41
C-O-H 286.0 26.85 285.9 24.61
C-O-Zn 287.9 5.20 287.9 4.35A

C=O-O 290.8 6.86 290.9 5.63
sp2C 284.7 64.39 284.8 63.13

C-O-H 285.9 20.99 286.2 12.62
C-O-Zn 287.8 9.09 287.8 7.05B

C=O-O 290.8 5.53 290.9 4.36
sp2C 284.7 62.35 284.8 52.61

C-O-H 285.9 26.98 286.1 31.38
C-O-Zn 287.9 4.37 288.1 5.28C

C=O-O 290.7 6.29 290.8 9.75
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