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Figure S1. SEM images of PACP

Figure S2. SEM images of (a) HCN-1100 and (b) HCN-1500.

Figure S3. (a) TEM image of HCN-1100. (b) HAADF-STEM images of HCN-1100. 
(c) TEM image of HCN-1500. (d) HAADF-STEM images of HCN-1500.



Figure S4. The diameter of HCNs.

Figure S5. The interlayer spacing of HCNs from HRTEM.

Figure S6. XPS Survey spectra of HCNs.



Figure S7. The fitting results of C 1s signals of HCNs.

Figure S8. The (002) peak fitting of HCNs in XRD.

Figure S9. The fitted SAXS patterns of (a) HCN-1100, (b) HCN-1300 and (c) HCN-
1500.



 

Figure S10. (a) N2 adsorption-desorption isothermal curves of HCNs. (b) The pore 
size distribution of HCNs.

 

Figure S11. The linear correlation between carbonization temperature and plateau 
capacity.

Figure S12. The capacity proportion of (a) HCN-1100, HCN-1300 (b) and (c) HCN-
1500 at different current density.



Figure S13. (a) XPS Survey spectra of HCNs after 10 cycles. (b) F 1s XPS spectra of 
HCNs after 10 cycles.

Figure S14. The Raman spectroscopy of HCNs after 10 cycles.

Figure S15. Galvanostatic charge/discharge curves for the different cycles at 1 A g-1 
of HCN-1300.

 



Figure S16. (a) Galvanostatic discharge/charge profiles of HCN-1300 and Kuraray at 
0.02 Ag-1. (b) Cycle performance at 1 A g-1 of HCN-1300 and Kuraray.

Figure S17. The CV curves of (a) HCN-1100 and (b) HCN-1500 at various scan rates.

Figure S18. Relationship between peak currents and scan rates of (a)HCN-1100 and 
(b) HCN-1500.



Figure S19. CV curve with a calculated capacitive contribution of (a) HCN-1100 and 
(b) HCN-1500 at 0.3 mV s-1.

Figure S20. GITT potential profiles.

Figure S21. EIS measurements of HCNs.



Figure S22. In-situ Raman spectra of HCN-1300, “C” stands for the charge state and 
“D” stands for the discharge state.

Figure S23. The color changes of ethanol containing 1% phenolphthalein after 
reaction with HCN-1300 at different potentials.

Table S1. Structure Parameters of HCNs.

Sample IG/ID La (nm) d002 (nm) Lc (nm) dclosed pore (nm)

HCN-1100 0.37 7.12 0.38 1.24 1.04

HCN-1300 0.44 8.51 0.37 1.36 1.21

HCN-1500 0.66 12.73 0.36 1.52 1.31



Table S2. Comparison of ICE performance hollow carbon nanospheres anodes.

Sample ICE Ref.

NNCS 20.47 S1

BFNHCS 24.7 S2

N-HCSs 30.28 S3

HCS 36 S4

DHCSs 37 S5

NCS 41.5 S6

3DHPCMs-800 41.9 S7

PTA-NHCS-700 44.1 S8

N-DHCS 44.64 S9

HCF 47 S10

PCS 47.5 S11

P-HCS 56 S12

HCS-3 61.3 S13

4S-HCNs 72 S14

HTCS-900 80 S15

HCN-1300 84 This work



Table S3. Comparison of long cycling performance, ICE and rate performances with 
reported hard carbon materials.

Rate performance
Sample ICE Cycle

(Capacity/Current) Ref. HCN-1300
(This work)

LCS-73 82.9 1400 114 mAh g-1

(0.5 A g-1) S16 261 mAh g-1 
(0.5 A g-1)

FHC-1300 80 1000 107.1 mAh g-1

(2 A g-1) S17 175 mAh g-1

 (2 A g-1)

H-1500 ~71 400 175 mAh g-1

(2 A g-1) S18 175 mAh g-1

 (2 A g-1)

HCK-1 80.4 600 138 mAh g-1

(2 A g-1) S19 175 mAh g-1

 (2 A g-1)

AMHC-900 76 2500 63 mAh g-1

(1 A g-1) S20 230 mAh g-1 
(1 A g-1)

SC-3 77 100 - S21 -

CC-700 48 8000 120.6 mAh g-1

(1 A g-1) S22 230 mAh g-1 
(1 A g-1)

H300-1100 82.5 1000 60 mAh g-1

(1 A g-1) S23 230 mAh g-1 
(1 A g-1)

PNDCs-500CDs-
1200°C 68.42 2500 ~40 mAh g-1

(2 A g-1) S24 175 mAh g-1

 (2 A g-1)

POP3-1200 67.5 500 ~85 mAh g-1

(0.6 A g-1) S25 261 mAh g-1 
(0.5 A g-1)

WNSC 83.1 800 ~50 mAh g-1

(2 A g-1) S26 175 mAh g-1

 (2 A g-1)

Cel-O300-1500 74.8 50 ~45.1 mAh g-1

(2 A g-1) S27 175 mAh g-1

 (2 A g-1)

CM-180 78.4 100 90.5 mAh g-1

(0.3 A g-1) S28 261 mAh g-1 
(0.5 A g-1)

MW-900 70.1 50 ~83 mAh g-1

(0.5 A g-1) S29 261 mAh g-1 
(0.5 A g-1)

HCN-1300 84 10000

This work
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