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Methods 

According to the cyclic voltammetry curves, the specific capacitance of the material 

can be calculated using equation S1: 

Cg=
S

2mvΔU
     (S1) 

 where S is the area under the curve, m is the mass of the active material, v is the 

scanning rate, and ΔU is the voltage window. Based on the constant current charge-

discharge curves, the specific capacity of the material can be calculated using equation 

S2: 

Cm=
I⋅Δt

3.6m
     (S2) 

Where Cm is the specific capacity (mAh g-1), I is the discharge current (A), Δt is 

the discharge time and m is the amount of active material loaded on the stainless steel 

foil.  

 

The energy density (E, Wh kg-1) and power density (P, W kg-1) of the zinc-ion hybrid 

capacitor can be calculated using equation S3 and S4: 
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E=
CgΔU2

2×3.6
                       (S3) 

P=
3600E

Δt
                        (S4) 

According to the CV profiles, the relationship between the cathodic and anodic peak 

current densities response (i) and the scan rate (v) was analyzed by employing the 

following equation: 

   i = avb                         (S5) 

log(i) = b×log(v)+log(a)              (S6) 

where i and v represent current (A) and scan rate (V s−1), respectively. a and b are the 

adjustable constants[1]. 

The ratios of the capacitive contributions can be calculated based on the total current 

response (i) and scan rate (v), as shown in the following equation: 

i(V)=icapacitive+idiffusion=k1v+k2v1∕2         (S7) 

In equation S7, the adjustable parameters k1 and k2 can be determined by plotting 

i(V)/v1/2 versus v1/2 and the contributions of the surface capacitive and diffusion-

dominated processes can subsequently be calculated by k1v and k2v1/2, respectively.[2] 

 

  



 

Figure S1. EDS-mapping images of (a) NDPC, (b) Ni-NDPC, (c) Co-NDPC and (d) Fe-NDPC；

TEM image of (e) NDPC, (f) Ni-NDPC, (g) Co-NDPC 

 

Figure S2. XRD spectra of the four sample. 

 



 

Figure S3. Cyclic voltammograms of (a) NDPC, (b) Ni-NDPC, (c) Co-NDPC and (d) Fe-NDPC at 

1-500 mV s-1. CP curves at different current densities from 0.2 to 20 A g-1 for (e) NDPC, (f) Ni-

NDPC, (g) Co-NDPC and (h) Fe-NDPC 

 

Figure S4. Cycle stability at 5 A g−1 of the samples. 

 

 



 

Figure S5 Bode plots of phase angle versus frequency. 

Table S1. The content of various elements in the samples. 

 C content 

 (%) 

N content 

(%) 

Metal content 

(%) 

O content 

(%) 

NDPC 80.03 8.67 0 11.31 

Ni-NDPC 64.65 3.11 7.37 (Ni) 24.86 

Co-NDPC 92.9 2.41 0.33 (Co) 4.36 

Fe-NDPC 76.72 4.4 2.21 (Fe) 16.67 

 

Table S2. The proportion of carbon bonds in the samples 

 C-C/C=C 

 (%) 

C-N/C-O  

(%) 

C=O  

(%) 

π-π* satellite 

(%) 

NDPC 68.79 16.81 8.88 5.53 

Ni-NDPC 66.92 16.17 11.01 4.47 

Co-NDPC 70.76 12.31 9.95 6.99 

Fe-NDPC 66.91 13.2 13.1 6.8 

 

 

 



Table S3. The area normalized capacitance of the samples 

 Area Normalized 

Capacitance at 1 

A g-1 (μF cm-2) 

Area Normalized 

Capacitance at 20 

A g-1 (μF cm-2) 

Area Normalized 

Capacitance at 1 

mV s-1 (μF cm-2) 

Area Normalized 

Capacitance at 500 

mV s-1 (μF cm-2) 

NDPC 38.64 8.14 66.55 17.43 

Ni-NDPC 20.41 2.28 28.90 6.81 

Co-NDPC 22.18 5.53 28.51 12.25 

Fe-NDPC 22.17 7.18 30.04 13.80 

 

 

Figure S6. N2 adsorption-desorption isotherm of (a) NDPC, (b) Ni-NDPC, (c) Co-NDPC and (d) 

Fe-NDPC. (The inset are the respective aperture distributions.) 
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