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Figure S1. XPS spectra of NC and PNC
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Figure S2. C1s XPS spectra of (a) NC and (b) PNC

Figure S3. Long cycling performance of PNC at 0.2 A g-1



Figure S4. (a), (b) SEM images of precursors. (c), (d) SEM images, (e) HRTEM 

image and (d) Mapping images of HPC



Figure S5. (a) pore size distributions of HPC, (b) Raman spectrum, (c) XPS spectrum 

and O 1s high-resolution spectrum of HPC



Figure S6. Electrochemical performance of HPC as cathode: (a) CV curves of HPC at 

various scan rates, (b) GCD curves of HPC at different current density, (c) Cycling 

performance of at current densities of 2 A g-1



Figure S7. GCD plot of PNC//HPC PIHCs with different mass ratios (1:2 and 1:3) at 

1 A g-1

Table S1 Pore structure parameters of all the samples

Sample a SBET

(m2 g-1)

b Vtotal

(cm3 g-1)

c 

Vmicro≤0.8nm

(cm3 g-1)

d Vmicro

(cm3 g-1)

e Vmeso

(cm3 g-1)

f Vmacro

(cm3 g-1)

NC 301 0.259 0.007 0.051 0.059 0.149
PNC 114 0.177 0.033 0.044 0.047 0.086

a. The specific surface area obtained by BET; b. Total pore volume obtained by DFT; 

c. Micropore (pore diameter < 0.8 nm) volume calculated by DFT;d. Micropore (pore 

diameter < 2nm) volume calculated by DFT; e. Mesopore (2 nm≤ pore diameter ≤50 

nm) volume calculated by DFT; f. Macropore (50 nm< pore diameter) volume 

calculated by DFT.



Table S2 Elementary composition evaluated from elemental analysis and relative 

contents of functional groups in N 1s and C 1s peaks from XPS spectra of different 

samples

C N O P N-6 N-5 N-QSamples

(at. %) (at. %) (at. %) (at. %) (%) (%) (%)

NC 87.81 7.5 4.69 -- 34.0 46.4 19.6

PNC 83.02 6.37 9.34 1.27 29.7 56.1 14.2

Table S3 Potassium storage performance of PNC compared with previously reported 
materials

Materials High rate capability Cycling performance Ref.

Hard–soft composite 

carbon

230 mAh g−1 at 140 mA g−1

167 mAh g−1 at 1.4 A g−1

200 mAh g−1 after 200 cycles at 280 

mA g−1

[1]

N-doped hierarchically 

porous carbon

287.5 mAh g-1 at 50 mA g-1

193.1 mAh g−1 at 0.5 mA g−1

121 mAh g−1 after 1000 cycles at 

500 mA g−1

[2]

Graphitic carbon 

nanocage

221 mAh g-1 at 27.9 mA g-1

175 mAh g−1 at 9.765 A g−1

195 mAh g−1 after 100 cycles at 56 

mA g−1

[3]

N/O dual-doped carbon 

network

464.9 mAh g-1 at 50 mA g-1, 

175 mAh g-1 at 5.0 A g-1,

160 mAh g−1 after 1000 cycles at 

1000 mA g−1

[4]

Hierarchically Porous N-

Doped Carbon Fibers

230 mAh g-1 at 50 mA g−1 135 mAh g−1 after 200 cycles at 500 

mA g−1

[5]

Nitrogen-doped hollow 

carbon nanospheres
326 mAh g-1 at 50 mA g−1，

141 mAh g−1 at 2 A g−1

154 mAh g−1 after 2500 cycles at 

1000 mA g−1

[6]

Nitrogen-Doped 

Hierarchical

Porous Carbon

292 mAh g−1 at 100 mA g-1，

94 mAh g−1 at 10.0 A g-1

157 mA g−1 after 12000 cycles at 
2000 mA g−1

[7]

PNC 310 mAh g−1 at 25 mA g-1，

149 mAh g−1 at 5 A g-1

181 mAh g−1 after 1000 cycles at 

1A g−1

This work



Table S4 Pore structure parameter of HPC

Sample
aSBET

 

(m2 g-1)

bSmicro 

(m2 g-1)

cSmicro≥0.8 nm

(m2 g-1)

dSmeso 

(m2 g-1)

eVtotal 

(cm3 g-1)

fVmicro

(cm3 g-1)

gVmeso

(cm3 g-1)
HPC 3208 1433 760 699 1.80 0.66 1.10

Table S5 Surface element datum evaluated by XPS of HPC

C N O O-I O-II O-III
Sample

(at.%) (at.%) (at.%) (%) (%) (%)
HPC 89.93 1.10 7.86 22.04 59.64 18.34

i = avb                                                      equation S1

log (i) = b log (v) + log (a)                                      equation S2

When b is 0.5, the reaction process is controlled by diffusion (battery behavior). 

When b is equal to 1, the reaction is controlled by capacitance (capacitive behavior). 

When b is between 0.5 and 1, the reaction process shows both battery behavior and 

capacitive behavior [8].

In order to further explore the contribution rate of capacitive behavior to the 

whole potassium storage behavior, the equation S1 was transformed into [8]：

i = k1v + k2v 1/2                                           equation S3

where k1v and k2v1/2 represent capacitance of capacitive behavior contribution and 

capacity of battery behavior contribution, respectively. 

We finally compared the diffusion process of potassium ions in NC and PNC samples 

by galvanostatic intermittent titration technique (GITT). According to Fick's second 

law, the diffusion coefficient of electrode materials can be used as follows [9]:

                                      equation S4
     𝐷 =

4
𝜋𝜏(𝑚𝐵𝑉𝑀

𝑀𝐵𝑆 )2(
∆𝐸𝑆

∆𝐸𝜏
)2



                                            equation 

  𝜌 =
1

𝑉𝑡𝑜𝑡𝑎𝑙 +
1

𝜌𝑐𝑎𝑟𝑏𝑜𝑛

S5

where τ represents the pulse time (s); mB is the mass of active material (g); s is 

geometry area of the electrode; the potential difference (v) caused before and after the 

current pulse; is the quasi-thermodynamic equilibrium potential difference ∆𝐸𝑆 

between before and after the current pulse; is the potential difference during the ∆𝐸𝜏 

current pulse; VM is the molar volume; MB is the molar mass of carbon, and the value 

of the MB/VM can be obtained from the density of the sample. In this experiment, the 

constant current density is 100 mA g-1; discharge pulse time τ is 0.5 h, and relaxation 

time is 2 h.
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