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Figure S1. Graphical illustration of N and P doping sites with different relative positions 

with the change of interlayer distance of the N/P-codoped carbon. 
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Figure S2. Graphical illustration of the doped N with different forms with the change of 

interlayer distance of the N/P-codoped carbon. 

 

 

Figure S3. (a) Adsorption energy of K ions on NP-CNPs with different forms of N 

dopants. (b) Density of states of NP-CNPs with different forms of N dopants. 
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Figure S4. SEM images of (a) N-CNPs and (b) NP-CNPs. 

 

 

Figure S5. SEM images of (a) NP-CNPs and (e) N-CNPs and the corresponding 

elemental mapping images of (b) C, (c) P, (d) N for NP-CNPs and (f) C, (g) P, (h) N for 

N-CNPs. 
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Figure S6. (a) Nitrogen absorption/desorption isotherms and (b) the corresponding pore 

size distribution of N-CNPs. High-resolution XPS spectra of (c) N 1s and (d) C 1s for 

N-CNPs. 
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Figure S7. (a) Electrochemical impedance spectra of the N-CNPs and NP-CNPs 

electrodes after 10 cycles at a rate of 200 mA g
-1

. (b) Coulombic efficiencies of the 

N-CNPs and NP-CNPs electrodes at 200 mA g
-1

. (c) Galvanostatic charge and discharge 

voltage profiles for N-CNPs and NP-CNPs of various cycles at the rate of 200 mA g
-1

. (d) 

Galvanostatic charge and discharge voltage profiles for N-CNPs and NP-CNPs at various 

rates. 
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Figure S8. (a) Coulombic efficiencies of NP-CNPs electrodes at 1 A g
-1

. (b) XRD 

patterns of NP-CNPs during cycling at 1 A g
-1

. 
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Figure S9. (a) CVs of the initial five cycles at 0.2 mV s
-1 

of N-CNPs. (b) GITT potential 

profiles for P-CNPs. 

 

The diffusion coefficient (D) in N-CNPs and NP-CNPs electrodes can be calculated from 

the GITT potential profiles through Fick’s second law according to the following equation 

S1: 

D =
4

𝜋𝜏
(
𝑚𝐵𝑉𝑀

𝑀𝐵𝑆
)2(

∆𝐸𝑠

∆𝐸𝑡
)2 

where 𝜏 represents the duration of the current pulse, 𝑚𝐵 stands for the electrode active 

material mass, S is the geometric area of the electrode, ∆𝐸𝑠 represents the 

quasi-thermodynamic equilibrium potential difference before and after the current pulse, 

∆𝐸𝑡 is the potential difference during current pulse, 𝑉𝑀  is the molar volume of the 

samples, and 𝑀𝐵is the molar mass of carbon. The result of 𝑀𝐵/𝑉𝑀 can be calculated 

from the density of the carbon material based on the following equation S2: 
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ρ =
1

𝑉𝑡𝑜𝑡𝑎𝑙 +
1

𝜌𝑐𝑎𝑟𝑏𝑜𝑛

 

where ρ (g cm
-3

) represents the density of the carbon material, 𝑉𝑡𝑜𝑡𝑎𝑙 (cm
3
 g

-1
) represents 

the total pore volume which comes from the N2 absorption/desorption  

isotherms, 𝜌𝑐𝑎𝑟𝑏𝑜𝑛 represents the known true density of carbon (2 g cm
-3

). 

 

 

 

 

Table S1. Impedance parameters of the fitting equivalent circuit. 

  

 

 

  

Materials 
 Re 

[Ω cm-2] 

R(sf+ct) 

[Ω cm-2] 

CPEi 

[S s1/2 cm-2] 

Zw 

[S s1/2 cm-2] 

Cint 

[F cm-2] 

N-CNPs 
Results 

Error (%) 

4.875 

0.964 

475 

0.963 

1.07×10-4 

2.212 

0.402 

1.242 

0.0740 

5.158 

NP-CNPs 
Results 

Error (%) 

2.244 

3.871 

188 

2.147 

6.562×10-5 

5.838 

0.419 

1.007 

0.00321 

4.678 
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Table S2. Summary of the electrochemical performance of the reported carbon-based 

anodes for PIBs. 

Materials 

Low-rate capacity  

(mA h g-1) 

High-rate capacity  

(mA h g-1) 

Capacity retention  

Ordered mesoporous carbonS1
 286 (50 mA g-1) 144 (1000 mA g-1) 86.2% over 1000 cycles (1000 mA g-1) 

Nitrogen-doped carbon microsphereS2
 250 (33.6 mA g-1) 156 (5040 mA g-1) Capacities kept on increasing (4000 mA g-1) 

Activated graphiteS3
 209 (100 mA g-1) 30 (1000 mA g-1) 75% over 100 cycles (800 mA g-1) 

Functionalized carbon nanofibersS4
 220 (28 mA g-1) 70 (1395 mA g-1) 78.9% over 300 cycles (140 mA g-1) 

Hard-soft carbon spheresS5
 250 (28 mA g-1) 190 (560 mA g-1) 93% over 200 cycles (280 mA g-1) 

TC1600S6
 200 (28 mA g-1) 72 (558 mA g-1) 78% over 200 cycles (140 mA g-1) 

N-doped porous carbon monolithS7
 388 (50 mA g-1) 199 (2000 mA g-1) 76% over 3000 cycles (1000 mA g-1) 

Hard carbon microspheresS8
 262 (28 mA g-1) 136 (1400 mA g-1) 52% over 100 cycles (1400 mA g-1) 

Expanded graphiteS9
 263 (10 mA g-1) 175 (200 mA g-1) Capacities kept on increasing (200 mA g-1) 

porous CNF anodesS10
 250 (20 mA g-1) 140 (5000 mA g-1) 88% over 1200 cycles (20 mA g-1) 

NP-CNPs 400 (50 mA g-1) 157 (5000 mA g-1) 86.4% over 4000 cycles (1000 mA g-1) 
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