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Figure S1. (A) Degradation mechanisms for LiPF6-based electrolytes (EC and DEC as 

co-solvents). 1-3 (B) 19F NMR spectra of the 1 M LiPF6 in EC-DEC-FEC-VC (47:47:5:1 

in vol:vol:vol:vol; dodochem) electrolyte at the pristine stage (without adding deionized 

water) and after adding 1000 ppm of deionized water and leaving it for 24 hours. (C) 

An enlarged view of the -152 ~ -160 ppm region in panel (B).
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Figure S2. (A) 1H NMR spectra of P/C-bpy sustained release solution after 0, 3, 6, 12, 

24, and 52 h. (B) An enlarged view of the 6.5-10 ppm region in panel (A), which was 

calibrated using CDCl3 (7.26 ppm) as the reference, and the ratio was calculated based 

on the peak values of bpy and CDCl3 to reflect the sustained release concentration of 

bpy. (C) The different chemical environments of 1H for 4,4’-bpy, EC, and DEC 

molecules.
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Figure S3. 19F NMR spectra of the electrolyte at time intervals of 0, 3, 6, 24, 48, and 

72 hours for (A) blank samples (without any additive), and containing (B) P/C, (C) P/C-

bpy, (D) bpy. (E-H) An enlarged view of the -152 ~ -160 ppm region in panel (A-D).



S5

Figure S4. pH values of HF solution with or without bipyridine.
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Figure S5. Binding energies of EC and DEC solvent molecules for lithium ions in the 
presence and absence of bpy.
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Figure S6. (A) and (B) SEM image of P/C at different magnifications. (C) SEM image 

of P/C-bpy.
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Figure S7. Raman scattering spectra of BP, KB, P/C, and P/C-bpy.
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Figure S8. (A) and (C) TEM image of P/C at different magnifications. (B) and (D) 

TEM image of P/C-bpy at different magnifications.
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Figure S9. High-resolution C 1s XPS spectra of P/C and P/C-bpy.
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Figure S10. Cycling stability of different bipyridine-doped P/C materials of 5%, 

10%, 15%, and 20% at current densities of (A) 0.2 and (B) 1.0 A g-1.
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Figure S11. CV profiles of (A) P/C and (B) P/C-bpy at first 4 cycles of 0.1 mV s-1.
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Figure S12. GCD curves of (A) P/C and (B) P/C-bpy at 1 A g-1.
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Figure S13. Fitting circuit diagram based on the Nyquist of P/C and P/C-bpy before 

cycling and the corresponding solution resistance (Rs), charge transfer resistance (Rct), 

and solid-phase diffusion factor (kw: defined as the slope of the −Z’’ vs. Z’ curve at low 

frequency).
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Figure S14. Fitting circuit diagram based on the Nyquist of P/C and P/C-bpy after 

cycling and the corresponding Rs, interface resistance (Rint), Rct, and kw.
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Figure S15. SEM image of the cross-section of the (A) P/C and (B) P/C-bpy electrode 

before cycling.
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Figure S16. GCD curves of P/C-bpy at (A) 2.74 mg cm-2, (B) 2.40 mg cm-2, (C) 1.61 

mg cm-2 load under the current density of 0.5 A g-1.
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Figure S17. GCD curves of (A) P/C and (B) P/C-bpy at 5 A g-1.
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Figure S18. (A) CV curves of P/C at 0.1-1.0 mV s-1 scan rates. (B) Lithium ion 

diffusion coefficients (DLi
+) calculated from peak current and (scan rate)1/2 based on 

CV curves.
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Figure S19. GCD curve of P/C-bpy || NCM811 full-cell at different current densities 

of (A) 0.1C, (B) 0.2C, (C) 0.5C, (D) 1C, (E) 2C, (F) 3C, (G) 4C, and (H) 5C.
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Table S1. Comparison of cycle stability of P/C-bpy with reported phosphorus 
carbon materials.

Materials
Areal

loading
(mg cm−2 )

Current 
density
(A g-1)

Cycle 
number

Capacity
(mAh g-1)

Capacity 
retentio

n
Refs.

0.7 1 800 1043.44 92.10%

0.7 5 800 733.52 70.17%

1.61 0.5 200 1037.67 99.46%

2.40 0.5 200 996.58 97.84%

P/C-bpy

2.74 0.5 200 940.21 95.01%

This 

Work

0.89 500 1115 87.0%
TpEB-FSI@P/G -

3.57 600 587 64%
[4]

Sb@BP/C 1.2 0.2 100 719 70% [5]

0.1 100 961 69%
BP-GDYO 1.5-2.0

2 800 600 72%
[6]

0.1 200 902.3 88%
GDY/BP/GDY 0.2

10 800 424 70%
[7]

HPRP 0.5 0.5 500 1201.4 81.90% [8]

1 800 860 73%
BP/G/CNTs 0.8-1.2

2 800 740 80%
[9]

P/CNT@PI - 1 500 450 56% [10]

2.6 800 950 85%

5.2 800 790 93%(BP-G)/PANI 1.2

13 800 500 79%

[11]

1 800 985 88.50
RP-PC -

8.32 800 516 70.98
[12]

0.2 100 1602 97.80%

1 500 1120 86.70%pMA-PC 0.7−0.8

3 250 1040 82%

[13]
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Table S2 Comparison of rate performance of P/C-bpy with reported phosphorus 

carbon materials for LIBs.

Materials
Areal 

loading
(mg cm−2)

Current 
density
(A g−1)

Capacity
(mAh g−1) Refs.

0.2 1318.20
0.5 1179.43
1 1091.42
3 942.15
5 853.61
10 717.73

P/C-bpy 0.7

15 599.09

This Work

0.4 1238.8
0.9 1166.8
1.8 1087.9
3.6 987.6

TpEB-FSI@P/G -

7.1 842.8

[4]

0.2 988
0.5 802
1 667
2 568

Sb@BP/C 1.2

5 451

[5]

0.2 1276
0.5 955.9
1 795.2
2 642.5

BP-GDYO 1.5-2.0

5 428.4

[6]

0.2 1331
0.5 1269
1 1087
2 906
5 638

GDY/BP/GDY 0.2

10 431

[7]

0.2 1474.7
0.5 1332.8
1 1173.3
2 947.2

HPRP 0.5

5 532

[8]

0.3 1185.6
0.5 1119.5
1 1049.1
2 985.8

BP/G/CNTs 0.8-1.2

3 914.9

[9]
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0.25 1114.2
0.5 1063.2
1 1017.6
2 969.6
4 904.4
6 843.3
8 771.1

P/CNT@PI -

10 705.5

[10]

2.6 1000
5.2 825(BP-G)/PANI 1.2
13 575

[11]

0.26 1320.2
1.04 1137.8
2.08 1069
4.16 971.2
6.24 813.8

RP-PC 0.8−1.1 mg

8.32 649.5

[12]

Notes: All the data are based on the active composite.



S24

Table S3 Comparison of the cycling stability of the P/C-bpy || NCM811 full-cell 

with reported P-based full-cell.

Anode Cathode N:P
Loading

(mg cm−2)

Current 
density

(C)

Cycle 
number

Specific
capacity

(mAh g−1)

Capacity 
retention

Refs.

P/C-bpy NCM811 1.1 10.2 1 900 124.3 80.9%
This 
Work

Prelithiated P/C LCO 1.1 3.0-4.0 1 900 104 91.2% [14]

f-P LCO 1.1 13.3 1 200 118 92.8% [15]

Red-P/VAG LCO 1.1−1.2 28.0–28.4 6 450 92.2 70% [16]

P/C LNMO 1.1 - 0.3 200 97.5 97% [17]

RP@P-PC LFP 1.1-1.5 7.0-9.0 2.9 100 132 80.0% [18]

FP-G LFP 1.1 - 0.65 200 114.2 83% [19]

FP-G NCM532 1.1 - 0.65 150 103 74.6% [19]

RPNPs NCM532 1.1 3.08 1.48 120 74.7 75.0% [20]

BP/KB-MWCNTs NCM622 1.1 9.0 0.2 100 161.1 88.0% [21]

4 350 77.3 80.6%
Red-P/VAG NCM622 1.1−1.2 26.6–29.0

6 350 66.9 76.9%
[16]

BP-Mo-CNT NCM811 1.1 10.1 1 300 148.6 84.6% [22]

4.8 0.1 100 124 76.1%
P@ZTC NCM811 1.2

5.4 0.5 900 80 70.8%
[23]

0.5 200 118 74%
RP NCM811 1.1 11.61

1 200 107 69%
[24]

Notes: The loading, current density and specific capacity were calculated based on the active material of the 
cathode.
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Table S4 Comparison of rate performance of the P/C-bpy || NCM811 full-cell with 

reported P-based full-cell.

Anode Cathode N:P
Loading

(mg cm−2)

Current 
density

(C)

Specific 
capacity 

(mAh g-1)
Refs.

0.1 182.82
0.2 176.55
0.5 168.33
1 160.25
2 147.83
3 130.39
4 98.78

P/C-bpy NCM811 1.1 10.2

5 67.92

This 
Work

0.2 167
0.5 158
1 153

RP/C LCO 1.1 -

2 144

[25]

0.2 139.1
0.5 132.3
1 122.6
2 107.5

f-P LCO 1.1 13.3

3 96.2

[15]

0.3 107
0.5 98
1 84
2 76

P/C LNMO 1.1 -

3 68

[17]

0.2 162
0.5 160
1 153

BP@Cu Foam LFP - 5.5

2 143

[26]

0.2 194.24
1 176.26
2 154.68
4 111.51

Red-P/VAG NCM622 1.1–1.2 26.6–29.0

6 93.53

[16]

0.2 182
0.4 176

0.6 170

0.8 164
1 156

BP/KB-MWCNTs NCM622 1.1 9

1.5 146

[21]

BP-Mo-CNT NCM811 1.1 10.1 0.5 157.86 [22]
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1 146.66
2 136.68
3 126.07
4 109.55
5 100.5

0.1 181
0.2 158
0.3 143
0.4 130
0.5 121

P@ZTC NCM811 1.2 5.4

1 90

[23]

0.1 151.6
0.2 140.1
0.3 126.2
0.4 113.4
0.5 109.4
1 83.40

RP NCM811 1.1 11.61

2 50.20

[24]

Notes: The loading, current density and specific capacity were calculated based on the active 
material of the cathode.
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