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Equations for calculating specific capacitance, energy density, and 

power density

In a symmetric supercapacitors system, the specific capacitance ( , F g-1), energy 𝐶𝑠

density ( , Wh kg-1) and power density ( , W kg-1) were calculated from the 𝐸 𝑃

galvanostatic charging/discharging curves, employing the following equations, 

respectively:

𝐶𝑠=
2 × 𝐼 × ∆𝑡
𝑚 × ∆𝑉

𝐸=
𝐶𝑠 × ∆𝑉

2

2 × 4 × 3.6

𝑃=
3600𝐸
∆𝑡

where  (A) represents the discharge current,  (s) refers to the discharge time,  (g) 𝐼 ∆𝑡 𝑚

indicates the mass of the active material, and  is the voltage window including the ∆𝑉

voltage drop.

In a Zn-ion capacitor system, the specific capacitance ( , F g-1), energy density (𝐶𝑠

, Wh kg-1) and power density ( , W kg-1) were calculated employing the following 𝐸 𝑃

equations:

𝐶𝑠=
𝐼 × ∆𝑡
𝑚 × ∆𝑉

𝐸=
𝐶𝑠 × ∆𝑉

2

2 × 3.6

𝑃=
3600𝐸
∆𝑡

where  (A) represents the discharge current,  (s) refers to the discharge time,  (g) 𝐼 ∆𝑡 𝑚

indicates the mass of the active material, and  is the voltage window including the ∆𝑉

voltage drop.



Calculation details

All the DFT calculations were carried out by DMol3 of Materials Studio 2017 

software. All calculations are performed using the exchange correlation term of the 

GGA (general gradient approximation) in spin-unrestricted and the PBE (Perdew-

Burke-Ernzerhof) exchange related functionals, and the method proposed by Grimme 

(DFT-D2) takes into account the effect of dispersion. The basis set adopts the DNP 

(Double Numerical plus polarization) with polarization function and combines the 

effective potential DSPP approximation processing method, replacing the core 

electrons with a single effective potential and introduces a relativistic correction. 

All-electron calculations were carried out with double numerical plus polarization 

(DNP). k-points were set as 2*2*1 for structural configuration optimizations. The 

convergence in energy, maximum force, and self-consistent field convergence 

threshold were set as 10-5 Ha, 10-3 Ha/Å, and 10-6 Ha, respectively. The global orbital 

cutoff was 6 Å. In order to avoid periodic mirroring, a 20 Å vacuum layer is used.



Figure S1. Micromorphology of DPC-X samples after HCl washing: (a) 700 ℃, (b) 800 ℃, 

(c) 900 ℃, (d) 1000 ℃.



Figure S2. Deconvolution N 1s XPS spectra.



Figure S3. Rate performance of DPCs-X in symmetric supercapacitors.



Figure S4. Fitting results of EIS of DPCs-X in symmetric supercapacitors.



Figure S5. GCD curves of different voltage windows at 1 A g-1.



Figure S6. b-values of DPCs-X in ZIHCs.

The relationship between peak current ( ) and scan rate (  can be expressed in the following 𝑖 𝑣)

formula:

𝑖= 𝑎𝑣𝑏

log (𝑖) = 𝑏log (𝑣) + 𝑙𝑜𝑔(𝑎)

where a and b are the adjustable parameters. Generally, a  value of 0.5 represents a diffusion-𝑏

controlled intercalation energy storage process, and a b value of 1 indicates a capacitive-

dominated adsorption process.



Figure S7. Nyquist plots of DPCs-X in ZIHCs 



Table S1. Specific surface area and pore structure parameters of different DPC-X samples.

Sample
SBET

a

(m2 g-1)

Smicro
b

(m2 g-1)

SEXT
c

(m2 g-1)

Pored

Size(nm)

Vpore
e

(cm3 g-1)

Vmicro
f

(cm3 g-1)

700 458.3 202.5 245.6 8.5 0.9 0.10

800 1422.9 426.8 1688.1 6.6 2.4 0.39

900 401.9 68.9 337.0 12.6 1.3 0.03

1000 465.1 35.0 428.7 16.5 1.9 0.01



Table S2. Elemental composition of DPC-X samples obtained from XPS spectra.

N components

at % of total N1sSample C(at.%) N(at.%) O(at.%)

N-6 N-5 N-Q

700 82.5 8 9.5 2.1 4.2 1.7

800 85.3 6.7 8 2.0 3.0 1.7

900 88.0 5.9 6.1 1.6 2.6 1.7

1000 90.9 3.9 5.2 1.1 1.9 0.9



Table S3. Comparison of rate performance of ZIHCs.

Materials Rate performance

This work

140.0 mAh g-1 at 0.2 A g-1

121.2 mAh g-1 at 0.4 A g-1

103.5 mAh g-1 at 0.8 A g-1

98.9 mAh g-1 at 1.6 A g-1

90.1 mAh g-1 at 3.2 A g-1

86.2 mAh g-1 at 6.4 A g-1

Activated Carbon1

70.8 mAh g-1 at 0.1 A g-1

66.7 mAh g-1 at 0.5 A g-1

64.3 mAh g-1 at 1 A g-1

60.7 mAh g-1 at 2 A g-1

57.7 mAh g-1 at 5 A g-1

Inconnected Porous Carbon2 

86.7 mAh g-1 at 0.2 A g-1

71.2 mAh g-1 at 0.4 A g-1

60 mAh g-1 at 0.8 A g-1

48.5 mAh g-1 at 1.6 A g-1

44.8 mAh g-1 at 6.4 A g-1

Polymer Carbon Spheres3

172 F g-1 at 0.13 A g-1

129 F g-1 at 0.6 A g-1

107 F g-1 at 1.13 A g-1

97 F g-1 at 1.5 A g-1

S,N-rich Porous Carbon Nanotubes4

120.3 mAh g-1 at 0.2 A g-1

106.7 mAh g-1 at 0.5 A g-1

69.5 mAh g-1 at 5 A g-1

Ultrathin Carbon Nanosheets5

103 mAh g-1 at 0.1 A g-1

81 mAh g-1 at 0.2 A g-1

65 mAh g-1 at 0.5A g-1

52 mAh g-1 at 1 A g-1

49 mAh g-1 at 2 A g-1

B, N-codoped MOF-based Carbon6

92.7 mAh g-1 at 1 A g-1

81.6 mAh g-1 at 2 A g-1

68.6 mAh g-1 at 4 A g-1

59.4 mAh g-1 at 6 A g-1

N-doped Porous Carbon7

120 mAh g-1 at 0.2 A g-1

103 mAh g-1 at 0.5 A g-1

79 mAh g-1 at 2 A g-1

60 mAh g-1 at 5 A g-1
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