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Experimental methods 

Materials. All the starting materials were purchased from commercial suppliers and used 

without further purification. Copper(II) phthalocyanine (99%, CuPc), 4,5-

dichlorophthalonitrile (99%), Cu(OAc)2 (98%), K3PO4 (98%), Ni(NO3)2·6H2O (≥97.0%), 

NiCl2·6H2O (≥98%), Cu(NO3)2·3H2O (99-104%), Na2SO4 (≥99.0%), and gelatin (tested 

according to Ph Eur) were purchased from Sigma-Aldrich Chemie GmbH. H2SO4 (≥95%), 

H2O2 (>30% w/v), and n-pentanol (99%) were provided by Fisher Scientific GmbH. 1,2,4,5-

benzenetetramine tetrahydrochloride (97%), enzophenone imine (98%), o-phenylenediamine 

(99%), tris(dibenzylideneacetone) dipalladium(0) (99%), and racemic-2,2'-

Bis(diphenylphosphino)-1,1'-binaphthyl (97%) were supplied by Fluorochem Limited. 

Ammonia solution (50% v/v) and 1,8-Diazabicyclo[5.4.0]undec-7-ene (99%) were obtained 

from abcr GmbH. The carbon cloth without a microporous layer (W0S1009, areal density: 12 

mg cm−2) was purchased from Fuel Cell Store, USA. 

Pretreatment of carbon cloth. Carbon cloths were pretreated with piranha solution (H2SO4 : 

H2O2 = 7 : 3) at 60 °C overnight. Afterwards, they were washed with deionized water and 

acetone. Finally, the hydrophilic substrates were dried under vacuum overnight for further use. 

In-situ growth of M2[CuPc(NH)8] (M = Ni or Cu) on carbon cloth. Copper (II) 

2,3,9,10,16,17,23,24-octaaminophthalocyanine octahydrochloride (OAPcCu, 

CuPc(NH2)88HCl) was synthesized according to our previous report.1 CuPc(NH2)88HCl (5 

mg) was dissolved in dimethyl sulfoxide (DMSO, 3 mL) and ammonia solution (50% v/v, 0.1 

mL) in a 10 mL vial. Ni(NO3)2·6H2O (3 mg) in DMSO (1 mL) and ammonia solution (50% v/v, 

0.1 mL) was added to the mixture in a sand bath at 60 °C under air. The reaction mixture was 

stirred for 10 min before it was transferred to a 10 mL vial with a piece of pretreated carbon 

cloth (1 cm × 3 cm, immersed part: 1 cm × 2 cm). After 8 h, the reaction mixture was cooled 

down to room temperature, and then the carbon cloth was taken out, washed with DMSO, H2O, 

and acetone, respectively. Finally, it was dried under vacuum overnight, obtaining the 
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additive/binder-free electrode. The mass of Ni2[CuPc(NH)8] grown on carbon cloth was 

measured by calculating the weight increase of the substrate after the in-situ growth with a 

microbalance (OHAUS Explorer® Analytical, the accuracy is 0.01 mg). The mass loading can 

be controlled from 0.5 to 2.0 mg cm−2 by repeated growth. If no otherwise specified, the areal 

loading mass of all the samples is about 1.1 mg cm−2. 

For the synthesis of Cu2[CuPc(NH)8], CuPc(NH2)88HCl (5 mg) was dissolved in DMSO 

(3 mL) and ammonia solution (50% v/v, 0.1 mL) in a 10 mL vial with a piece of pretreated 

carbon cloth (1 cm × 3 cm, immersed part: 1 cm × 2 cm). Cu(NO3)2·3H2O (2.5 mg) in DMSO 

(1 mL) and ammonia solution (50% v/v, 0.1 mL) was added to this mixture in a sand bath at 

30 °C under air. The reaction mixture was stirred for 3 min and kept at this temperature for 8 h. 

The mass of Cu2[CuPc(NH)8] grown on carbon cloth was measured by calculating the weight 

increase of the substrate after the in-situ growth with a microbalance (OHAUS Explorer® 

Analytical, the accuracy is 0.01 mg). The mass loading can be controlled from 0.5 to 2.0 mg 

cm−2 by repeated growth. If no otherwise specified, the areal loading mass of all the samples is 

about 1.1 mg cm−2. The M2[CuPc(NH)8] (M = Ni or Cu) powder samples were obtained without 

adding the carbon cloth by the same procedure. 

Preparation of Ni(BTI) (BTI = 1,2,4,5-benzenetetraimine) coordination polymer on 

carbon cloth. A solution of Ni(NO3)2·6H2O (11.9 mg) in water (2 mL) and ammonia solution 

(50% v/v, 0.3 mL) was added to a solution of 1,2,4,5-benzenetetramine tetrahydrochloride (14.2 

mg) in water (7 mL) in a 15 mL vial with a piece of pretreated carbon cloth (1 cm × 3 cm, 

immersed part: 1 cm × 2 cm) at 60 °C in a sand bath. This mixture was stirred for 3 min and 

then kept for 2h. The obtained Ni(BTI) coordination polymer grown carbon cloth was washed 

for several times with deionized water and acetone, and finally dried under vacuum overnight. 

The areal loading mass is about 1.5 mg cm−2. 

Preparation of the CuPc electrode. The CuPc electrode was prepared by mixing commercial 

CuPc powder, acetylene black, and polytetrafluoroethylene (PTFE) in a weight ratio of 4:5:1 
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with the help of ethanol. The mixture was pressed into a film, and then dried at 80 °C overnight 

in a vacuum oven. After drying, the film was cut into many disks, which were subsequently 

pressed onto carbon cloths to act as the working electrodes. The areal loading mass is 1-2 mg 

cm−2. 

Preparation of the thick M2[CuPc(NH)8] (M = Ni or Cu) free-standing electrodes. The 

thick M2[CuPc(NH)8] free-standing electrodes were prepared by mixing M2[CuPc(NH)8] 

powders, acetylene black, and PTFE in a weight ratio of 7:2:1 with the help of ethanol. The 

mixture was pressed into a film, and then dried at 80 °C overnight in a vacuum oven. After 

drying, the film was cut into many disks with diameters of 8 mm. The areal loading mass is 10 

mg cm−2. The electrochemical measurements of the thick M2[CuPc(NH)8] electrodes were 

performed in the three-electrode Swagelok cell with the M2[CuPc(NH)8] disc as the working 

electrode, over-capacitive activated carbon as the counter electrode, a glass fiber separator 

(Whatman, GF/D) saturated with 1 M Na2SO4, and an Ag/AgCl (3 M KCl) reference electrode. 

Fabrication of quasi-solid-state symmetric SCs. To fabricate quasi-solid-state symmetric 

SCs, two Ni2[CuPc(NH)8] electrodes were sandwiched together with a separator and 

gelatin/Na2SO4 gel electrolyte. The weight balance of the symmetric device was carried out 

based on equation (C+ × ΔE+ × m+ = C– × ΔE– × m–), where C is the specific capacitance in the 

three-electrode test, ΔE is the voltage range, and m is the mass of the active material. Based on 

the specific capacitances calculated from Figure S25, the mass ratio of the two Ni2[CuPc(NH)8] 

electrodes (m+/m−) is determined to be 1.4. The gelatin/Na2SO4 gel electrolyte was prepared by 

mixing gelatin powder (2 g) and Na2SO4 (2.84 g) in 20 mL deionized water at 65°C for 5 h with 

vigorously stirring until totally dissolved. 

Density functional theory (DFT) calculations. A density functional mapping of 

Ni2[CuPc(NH)8] was carried out with the DFT method using Gaussian16 software package.2 

Structure of Ni2[CuPc(NH)8] were optimized with Becke’s three-parameter hybrid exchange 
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functional and the Lee–Yang–Parr correlation functional (B3LYP) and the 6-311G (d,p) basis 

set. Surface charge mapping was visualized with GaussView 6.0 software. 

Materials characterization. Scanning electron microscopy (SEM) and transmission electron 

microscopy (TEM) images were obtained with a field emission scanning electron microscope 

(FESEM, Zeiss Gemini 500) and a high-resolution transmission electron microscope (HRTEM, 

JEM-2100, JEOL, Japan), respectively. Raman analysis was performed by using a Raman 

microscope (LabRAM (HR 800), HORIBA JOBIN-Yvon) with a 532 nm Nd:YAG laser and a 

liquid-nitrogen cooled charge coupled device camera. The X-ray photoelectron spectroscopy 

(XPS) spectra were acquired using a Kratos Axis UltraDLD spectrometer (Kratos Analytical-

A Shimadzu Group Company) with a monochromatic Al-Kα source (1486.6 eV). X-ray 

diffraction (XRD) patterns were obtained on an X-ray diffractometer (Dectris Mythen 1K Strip 

Detector, Stoe Stadi-P) using Cu-Kα radiation (λ = 0.154 nm) at 40 kV and 30 mA at room 

temperature. Electron paramagnetic resonance (EPR) spectra were collected on a Bruker 

BioSpin Gmbh spectrometer equipped with a standard mode cavity. Nitrogen adsorption 

isotherms were measured at 77.3 K with a Quantachrome SI-MP Instrument Automated Surface 

Area and Pore Size Analyzer. 

Electrochemical measurement. Cyclic voltammetry (CV), galvanostatic charge/discharge 

(GCD) measurements, and electrochemical impedance spectroscopy (EIS) were employed with 

a CHI 660E electrochemical workstation. The electrochemical study of individual electrodes (1 

cm × 2 cm) was performed in a three-electrode system with a Pt wire counter electrode and an 

Ag/AgCl (3 M KCl) reference electrode. For the linear sweep voltammetry (LSV) test of the 

aqueous electrolyte, two Pt foils and Ag/AgCl (3 M KCl) were employed as working, counter, 

and reference electrodes, respectively. 

Calculations. The specific capacitance (C, F g−1) based on the CV curves were calculated 

according to the following equation (1), where m is the mass of active material (g), v is the scan 
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rate (V s−1), Vf and Vi are the integration potential limits of CV curves, I(V) is the voltammetric 

current (in amperes), and ∫ 𝐼(𝑉)
𝑉𝑓

𝑉𝑖
𝑑𝑉 is the integrated area from CV curves. 

𝐶 =  
1

2 × 𝑚 × 𝑣 × (𝑉f − 𝑉𝑖)
 ∫ 𝐼(𝑉)

𝑉f

𝑉𝑖
𝑑𝑉                                            (1) 

The specific capacitance (C, F g−1) was also calculated from the GCD curves according to 

the following equation (2), where I/m is the current density (A g−1), t is the discharge time (s), 

and v is the voltage range (V). 

𝐶𝐴  =  
𝐼

𝑚
 ×  

𝑡

𝑣
                                                                 (2) 

The areal energy densities (E, Wh kg−1) and power densities (P, W kg−1) were calculated 

from equations (3) and (4), where △V is the discharge voltage range (V) and △t is discharge 

time (s). 

𝐸 =  
1

2
 ×  𝐶 ×  

(∆𝑉)2

3,600
                                                    (3) 

𝑃 =  
𝐸

∆𝑡
 × 3600                                                           (4) 
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Figure S1. The synthetic route of M2[CuPc(NH)8]. 
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Figure S2. Digital photos of pristine carbon cloth (left), the Ni2[CuPc(NH)8] electrode (middle), 

and the Cu2[CuPc(NH)8] electrode (right). 
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Figure S3. XRD pattern of the pristine carbon cloth. 
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Figure S4. Experimental and simulated XRD patterns of (a) Ni2[CuPc(NH)8] and (b) 

Cu2[CuPc(NH)8]. 

 

Earlier studies verified the four-coordination geometries of the metal-

bis(iminobenzosemiquinoid) model compounds (M[C6H4(NH)2]2, M = Ni or Cu), which serve 

as the linkage in our M2[CuPc(NH)8] 2D c-MOF, e.g., nickel-bis(iminobenzosemiquinoid) (J. 

Am. Chem. Soc. 1966, 88, 5201) and copper-bis(iminobenzosemiquinoid) (Polyhedron 1991, 

10, 955). Moreover, in the previously reported M-NH-linked (M = Ni or Cu) 2D c-MOFs (based 

on benzene/triphenylene, e.g., J. Am. Chem. Soc. 2014, 136, 8859; Nat. Energy 2018, 3, 30; 

Angew. Chem. Int. Ed. 2015, 54, 4349; J. Am. Chem. Soc. 2017, 139, 13608), both the Ni-NH 

and Cu-NH linkages were confirmed to possess a four-coordination geometry by identifying 

the consistency of experimental as well as calculated XRD patterns and comparing the peak 

positions in the experimental XRD patterns for Ni-NH- and Cu-NH-linked MOFs. Based on 

the literature information, the DFT calculation was employed in our study to simulate the 

structures of M2[CuPc(NH)8] with the four-coordination geometry. We found that our 

experimental XRD results (Figure 1b) agree well with the simulated results (Figure S4-S6). 

Thereby, we conclude that both Ni2[CuPc(NH)8] and Cu2[CuPc(NH)8] are indeed equipped 

with four-coordination M-NH-linkage. 
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Figure S5. Top and side views of simulated (a) AA-eclipsed and (b) AA-serrated stacked 

bilayer of Ni2[CuPc(NH)8] (C: grey, N: blue, Cu: orange, Ni: purple, H: white). Ni2[CuPc(NH)8] 

can be defined by square unit cells with a=b=18.0 Å. The Ni-Ni distances are calculated as 

12.73 and 18.00 Å in the 2D plane. 
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Figure S6. Top and side views of simulated (a) AA-eclipsed and (b) AA-serrated stacked 

bilayer of Cu2[CuPc(NH)8] (C: grey, N: blue, Cu: orange, H: white). Cu2[CuPc(NH)8] can be 

defined by square unit cells with a=b=18.30 Å. The Cu-Cu distances are calculated as 9.15, 

12.94, and 18.30 Å in the 2D plane. 
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Figure S7. (a) SEM image of pristine carbon cloth. (b, c) Corresponding EDX elemental 

mapping analysis. (d) EDX spectrum of C and O elements. 

  



    

 S14 

 
Figure S8. (a, b) SEM images of the Ni2[CuPc(NH)8] electrode with different magnifications. 

(c-h) Corresponding EDX elemental mapping analysis. (i) EDX spectrum of C, N, O, Ni, Cu 

elements. The signal of O element is from carbon cloth or adsorbed moisture/O2. 
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Figure S9. Fast Fourier transform pattern of Ni2[CuPc(NH)8]. 
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Figure S10. (a) Nitrogen adsorption isothermal curve and (b) pore-size distribution of 

Ni2[CuPc(NH)8]. 
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Figure S11. (a) XPS survey spectrum and (b) N 1s XPS spectrum of the Ni2[CuPc(NH)8] 

electrode. 
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Figure S12. EPR spectrum of Ni2[CuPc(NH)8] recorded at 3 K. EPR spectroscopy of 

Ni2[CuPc(NH)8] presents a main peak with a g-factor of 2.05 and a shoulder with a g-factor of 

2.14, which correspond to the CuII atoms in the CuPc unit. Furthermore, the EPR spectrum of 

Ni2[CuPc(NH)8] displays no signals for organic radicals. The XPS spectra reveal the absence 

of charge-balancing counter ions and suggest a charge-neutral framework. Based on the XPS 

and EPR results, we propose a reasonable radical structure in Figure 1a, which remains 

conjugated and contains delocalized diradical in the CuPc unit. 
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Figure S13. (a, b) SEM images of the Cu2[CuPc(NH)8] electrode with different magnifications. 

(c-g) Corresponding energy-dispersive X-ray (EDX) elemental mapping analysis. (h) EDX 

spectrum of C, N, O, Cu elements. The signal of O element is from carbon cloth or adsorbed 

moisture/O2. 
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Figure S14. (a) XPS survey spectrum and (b) Cu 2p XPS spectrum of the Cu2[CuPc(NH)8] 

electrode. Cu2[CuPc(NH)8] displays splitting Cu 2p1/2 (954.7 and 952.4 eV) and Cu 2p3/2 peaks 

(934.9 and 932.6 eV), which are indicative of mixed-valence Cu atoms (CuI/II).3-4 
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Figure S15. (a) Nitrogen adsorption isothermal curve and (b) pore-size distribution of 

Cu2[CuPc(NH)8]. The specific surface area of Cu2[CuPc(NH)8] is 556 m2 g−1, and the main size 

of the micropores is about 1.3 nm. 
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Figure S16. Variable-temperature electrical conductivity of Ni2[CuPc(NH)8]. The inset is lnσ 

as a function of 1000/T. The activation energy in the temperature region of 180300 K was 

calculated as 0.13 eV. 
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Figure S17. Variable-temperature electrical conductivity of Cu2[CuPc(NH)8]. The inset is lnσ 

as a function of 1000/T. The activation energy in the temperature region of 180300 K was 

calculated as 0.34 eV. 
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Figure S18. LSV curve with a scan rate of 1 mV s−1 for 1 M Na2SO4 aqueous electrolyte. 
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Figure S19. CV curves of pristine carbon cloth, the Cu2[CuPc(NH)8] electrode, and the 

Ni2[CuPc(NH)8] electrode at 50 mV s−1 in the three-electrode system. 
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Figure S20. CV curves of (a) the Ni2[CuPc(NH)8] electrode and (b) the Cu2[CuPc(NH)8] 

electrode tested in 1 M KOH with the three-electrode system. 
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Figure S21. Normalized CV curves of the Ni2[CuPc(NH)8] electrode at various scan rates. 

  

-0.8 -0.4 0.0 0.4 0.8
-1000

-500

0

500

1000

1500

 

 

S
p

e
c
if

ic
 c

a
p

a
c
it

a
n

c
e
 /
 F

 g
-1

Potential / V (vs. Ag/AgCl)

 2 mV s
-1

 5 mV s
-1

 10 mV s
-1

 20 mV s
-1

 50 mV s
-1



    

 S28 

 
Figure S22. Electrochemical performance of the Ni2[CuPc(NH)8] electrode in three-electrode 

system. (a) GCD curves from 7 to 20 A g−1. (b) Nyquist plots before measurement. Inset depicts 

an enlarged high-frequency region. 
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Figure S23. Electrochemical performance of the Cu2[CuPc(NH)8] electrode in three-electrode 

system. (a, b) CV curves and normalized CV curves from 2 to 50 mV s−1. (c, d) GCD curves 

from 0.5 to 20 A g−1. (e) Specific capacitances calculated from GCD curves as a function of 

current density. The specific capacitance calculated from the GCD curves is 332 F g−1 at a 

current density of 0.5 A g−1. 
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Figure S24. Electrochemical performance of the Cu2[CuPc(NH)8] electrode in three-electrode 

system. (a) CV curve with separation between the total current and the capacitive (green) 

current at 20 mV s−1. (b) Normalized contribution ratios of the capacitive (green) and diffusion-

controlled (black) components as a function of scan rate. (c) Nyquist plots before measurement. 

Inset depicts an enlarged high-frequency region. 
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Figure S25. CV curves on both sides of open-circuit potentials (OCPs) at 10, 20, and 50 mV 

s−1 of (a) the Ni2[CuPc(NH)8] electrode and (b) the Cu2[CuPc(NH)8] electrode. The OCPs of 

Ni2[CuPc(NH)8] and Cu2[CuPc(NH)8] were measured to be 0.01 and −0.02 V, respectively. 

According to the CV curves, the specific capacitances of Ni2[CuPc(NH)8] are 191.7 F g−1 (−0.8-

0 V) and 141.2 F g−1 (0-0.8 V) at 10 mV s−1, respectively. Meanwhile, the specific capacitances 

of Cu2[CuPc(NH)8] are calculated to be 154.6 F g−1 (−0.8-0 V) and 111.4 F g−1 (0-0.8 V) at 10 

mV s−1, respectively. According to these calculated specific capacitances, we assembled the 

two-electrode quasi-solid-state supercapacitors based on the Ni2[CuPc(NH)8] electrodes. 
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Figure S26. Specific capacitances of (a-c) the Ni2[CuPc(NH)8] electrodes and (d-f) the 

Cu2[CuPc(NH)8] electrodes with different mass loadings as a function of current densities. The 

maximum specific capacitances of Ni2[CuPc(NH)8] electrodes with the mass loading of 1.1, 

1.5, and 2.0 mg cm−2 are 399.7, 385.6, and 365.3 F g−1, respectively. The maximum specific 

capacitances of Cu2[CuPc(NH)8] electrodes with the mass loading of 1.1, 1.5, and 2.0 mg cm−2 

are 331.9, 320.2, and 306.9 F g−1, respectively. 
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Figure S27. Electrochemical performance of the thick M2[CuPc(NH)8] free-standing electrodes 

in the three-electrode Swagelok cell. (a, b) CV curves from 2 to 50 mV s−1. (c, d) GCD curves 

from 0.5 to 5 A g−1. (e) Specific capacitances calculated from GCD curves as a function of 

current density. 
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Figure S28. Cycling performance of the M2[CuPc(NH)8] electrodes at a current density of 1 A 

g−1. After 1000 charge/discharge cycles at 1 A g−1, the Ni2[CuPc(NH)8] and Cu2[CuPc(NH)8] 

electrodes are able to retain 95.7% and 95.1% of their initial capacitances, respectively. 
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Figure S29. XRD patterns of (a) Ni2[CuPc(NH)8] and (b) Cu2[CuPc(NH)8] electrodes after 

different cycles at a current density of 10 A g−1. The samples were measured with an X-ray 

diffractometer (Pananlytical Aeris Benchtop) in reflection geometry using Cu Kα radiation at 

room temperature. 
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Figure S30. (a, b) SEM images of the Ni2[CuPc(NH)8] electrode with different magnifications 

after 500 charge/discharge cycles. (c-i) Corresponding EDX elemental mapping analysis. The 

signals of O, S, and Na elements are from carbon cloth or adsorbed moisture/O2 or electrolyte. 

  



    

 S37 

 
Figure S31. (a, b) SEM images of the Cu2[CuPc(NH)8] electrode with different magnifications 

after 500 charge/discharge cycles. (c-i) Corresponding EDX elemental mapping analysis. The 

signals of O, S, and Na elements are from carbon cloth or adsorbed moisture/O2 or electrolyte. 
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Figure S32. (a) Chemical structure of CuPc. (b) CV curve of CuPc at 10 mV s−1 in a three-

electrode system. 
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Figure S33. (a) Chemical structure of the Ni(BTI) coordination polymer. (b) CV curve of 

Ni(BTI) from 0.04 V (open-circuit potential) to −0.8 V at 10 mV s−1 in the three-electrode 

system. 
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Figure S34. The electrochemical redox mechanism of MN4 linkages and CuPc units in 

M2[CuPc(NH)8]. 
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Figure S35. N 1s XPS spectra of the Ni2[CuPc(NH)8] electrode at different charge/discharge 

potentials. 

 

As shown in Figure 3d and Figure S35a, negligible change in the N 1s signal was detected for 

Ni2[CuPc(NH)8] at potential of −0.8 V (@A and I in Figure S35a), −0.4 V (@B and H in Figure 

S35a), and 0 V (@C and G in Figure S35a). The N 1s spectrum of Ni2[CuPc(NH)8]@A can be 

deconvoluted into three peaks at 400.4, 399.4, and 398.5 eV, corresponding to three types of N 

(N-Cu, N=C-N, and N-Ni, respectively) in the framework (Figure S35b). However, after the 

oxidation reaction of the phthalocyanine building block (0.8 V, @E), the N 1s signal shifted by 

about +0.3 eV (Figure 3d and S35c). Deconvolution of the spectrum indicates the presence of 

an additional type of N, which is ascribed to the formation of -cation radical in the 

phthalocyanine moiety. 
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Figure S36. Digital photo of the three-electrode cell for in-situ Raman characterization. 
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Figure S37. Normalized CV curves of Ni2[CuPc(NH)8]-SSCs from 5 to 1000 mV s−1. 
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Table S1. Performance comparison of different electrode materials in liquid electrolyte (three-

electrode system, at 0.5 A g−1). 
Materials Electrolyte Potential window 

(V) 

Mass loading 

(mg cm-2) 

Specific capacitance 

(F g-1) 

Ref. 

Cu3(HHTP)2 3 M KCl 0-0.5 0.6 202 5 

Cu2[DBCO8] 1 M NaCl -0.5-0.2 2.22 425 6 

Ni3(HITP)2 3 M KCl 0-0.7 0.578 112 7 

Ni3(HIB)2 1 M KOH -0.75--0.25 8 410 8 

Ni3(HITP)2 1 M TEABF4/ACN -0.6-0.5 5 83 9 

PAN-b-PMMA-CFs 6 M KOH 0-0.8 1 360 10 

Graphene 1 M H2SO4 0-1.0 1 198 11 

Nanoporous MXene 3 M H2SO4 -0.5-0.3 11.2 351 12 

Porous carbon 6 M KOH 0-1.0 - 280 13 

rGO-aramid nanofibers 6 M KOH 0-1.0 1.5-2 122 14 

Cr-doped δ-MnO2 1 M Na2SO4 0-1.2 5 198 15 

Graphene-activated carbon 6 M KOH -1.0-0 - 345 16 

Porous polymer 1 M Na2SO4 -1.2-0 - 250 17 

N, P, O tri-doped carbon 6 M KOH -1.15-0.1 - 348 18 

Hierarchical porous carbon 1 M H2SO4 -0.2-0.9 1 240 19 

Ni2[CuPc(NH)8] 1 M Na2SO4 -0.8-0.8 1.1 400 This work 

Ni2[CuPc(NH)8] thick electrode 1 M Na2SO4 -0.8-0.8 10 258.3 This work 
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Table S2. Performance comparison of typical symmetric SCs. 
Electrodes Electrolyte Voltage 

window / V 

Specific 

capacitance / F 

g-1 

Power density 

/ W kg-1 

Energy 

density / 

Wh kg-1 

Cycling 

stability 

Ref. 

 

KNOSC 1 M Na2SO4 0-1.8 88.5 at 1 A g-1 36000 39.8 20000 (90%) 20 

Thionine–graphene 0.5 M Na2SO4 0-2.0 235 F gelectrode
-1 at 

1 A g-1 

12000 32.6 10000 (91%) 21 

NPCNs PVA/H2SO4 0-1.0 58 at 1 A g-1 24912.5 7.8 20000 (75%) 22 

VN PVA/LiCl 0-1.0 64 at 20 mV s-1 3542 15.5 - 23 

3D-PMCF 3 M H2SO4 0-1.0 74.1 at 5 mV s-1 49900 23.9 10000 (86.3%) 24 

MX-rHGO3 3 M H2SO4 0-1.0 - 2400 11.5 10000 (93%) 25 

TCNQ-CTF-800 EMIMBF4 0-3.5 100 at 0.1 A g-1 8750 42.8 5000 (92%) 26 

h-CNS900 BMIMBF4 0-3.0 165 at 0.1 A g-1 2620 9.4 - 27 

OCN 6 M KOH 0-1.0 - 5000 7 20000 (100%) 28 

Cu2[DBCO8] 1 M NaCl 0-0.8 - 5000 13.8 2000 (80%) 6 

ACWS-6 EMIMBF4 0-4.0 216 at 0.5 A g-1 25000 12 - 13 

Cu3(HHTP)2 PVA/KCl 0-0.8 120 at 0.5 A g-1 3000 3.3 5000 (85%) 5 

c-CN PVA/KOH 0.2-0.7 94 at 20 mV s-1 2636 5.9 - 29 

Ni2[CuPc(NH)8] Gelatin/Na2SO4 0-1.6 145 at 1 A g-1 32084 51.6 5000 (90.3%) This 

work 
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