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Figure S1. SEM images of NCNF.
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Figure S3. (a) XRD pattern and (b) Raman spectrum of the NCNF.
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Figure S4. SEM |mages of (a, b) NCNF@CS -3hand (c,d) NCNF@CS-12h.
a

Figure S5. (a) HAADF-STEM image and EDS mappings of (b) C, (¢) Co and (d) O of
NCNF@CoOy-6h.
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Figure S6. (a) SEM image and EDS spectra of NCNF@CoOx-6h.
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Figure S7. (a) SEM image and EDS spectra of NCNF@CS-6h.
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Flgure SlO (a) SEM image and EDS spectra of NCNF.
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Figure S11. HRTEM image'd the oresponding SAED pattern (inset) of CoOyx in
NCNF@CoOy-6h.
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Figure S12. Raman spectrum of NCNF@CS-6h.
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Figure S13. Raman spectra of cobalt selenide.
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Figure S14. CV curves of NCNF@CS-6h for the initial 3 cycles at a sweep rate of 0.1 mV s™.

b

Figure S15. The SEM images of K metal surface after (a) 3 cycles and (b) 100 cycles.
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Figure S16. (a) The 2nd, 10th and 100th charge/discharge profiles of NCNF. (b) Cycling stability of

NCNF at 0.2 Ag™ for KIBs.
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Figure S17. CV curves of NCNF for the initial 3 cycles at a sweep rate of 0.1 mV s
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Figure S18. The corresponding Coulombic efficiencies of the as-prepared three samples.
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Figure S19. SEM images of NCNF@CS-6h after 600 cycles.
b

Figure S20. Optical photographs of the NCNF@CS-6h electrode: (a) original and (b) after 200
cycles.
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Figure S21. (a) nyquist plots, (b) the linear fits of the Z’ vs. o *? in the low-frequency region and (c)

the corresponding equivalent circuit of the coin cell.
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Figure S22. (a) CV profiles at different scan rates and (b) the plots of log(i) vs. log(v) (peak current:
i, scan rate: v) of NCNF@CS-6h. (c) The percentages of pseudocapacitive contributions at different
scan rates. (d) The red region shows the CV profile with the pseudocapacitive contribution at scan

rate of 0.1 mV-s .
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Figure S23. Schematic showing the electrochemical behavior in NCNF@CS host.
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Figure S24. The bang gap structure and density of states of CoSe;.
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Figure S25. The bang gap structure and density of states of CozSes.
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Figure S26. The bang gap structure and density of states of K,CoSe;.
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Figure S27. The bang gap structure and density of states of CoSe.
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Figure S28. The bang gap structure and density of states of KCo,Se;.
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Figure S29. The bang gap structure and density of states of KsCoSes.

Table S1. The weight percentage of N, C and H of NCNF@CS by elemental analyzer.

Sample Weight Percentage (%0)
N C H
NCNF@CS-3h 2.42 36.76 0.02
NCNF@CS-6h 2.28 27.32 0.05
NCNF@CS-12h 1.13 18.24 0
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Table S2. Electrochemical performance comparison of the recent reported anode materials for KIBs.

Sample Current  Capacity: Cycle  Reference
density: mAh g*  number
Ag?t
NCNF@CS-6h 0.2 253 100 This
work
2 173 600
Graphite 0.14 100 50 [1]
Hard Carbon 0.028 216 100 [2]
N-doped Graphene 0.1 210 100 [3]
RGO Film 0.01 150 175 [4]
Graphite and Graphene 10 100 1000 [5]
Graphene 0.1 140 100 [6]
K,TigO17 0.02 111 50 [7]
sn/C 0.025 105 30 [8]
Dipotassium Terephthalate 0.2 229 100 [9]
3,4,9,10-perylene-tetracarboxylicacid-dianhydride 0.01 160 35 [10]
SnyP3/C 0.05 307 50 [11]
Sh/C 0.035 250 50 [12]
Black P 0.05 270 50 [13]
SnSy/rGO 0.025 250 30 [14]
Sh,S3/S,N-codoped rGO 0.05 477 100 [15]

Table S3. The impedance parameters of the NCNF@CS-6h-based coin cell.

Rs (Q) Ret (Q) o(Q s D (cm?s?)
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5.72 245 209.25 4.34x10°
Table S4. The structure information and total energy of different compositions.
Sample supercell Space a b c o B v  Volume total
Group energy(eV)

CoSe; Co,Seg Pa-3 5.733 5.733 5733 90 90 90 188.44 -66.27
Co3Sey Co,Seg C2/m 11.548 3515 6.054 90 119.27 90 214.35 -81.99
K,CoSe, KgCo4Seg  Ibam 6.862 12.924 6.029 90 90 90 534.60 -83.84
CoSe Co,Se; P63/mmc 3.552 3.552 5.100 90 90 120 55.73 -24.06
K Co,Se; K,Co,Se;  14/mmm 3711 3711 13513 90 90 90  186.06 -53.45
KsCoSe, K;2C0,Seg  P63mc 10.008 10.008 7.805 90 90 120  677.02 -62.78
Co Co, P63/mmc 2416 2.416 3919 90 90 120 19.82 -14.99
K K, Im-3m 5216 5216 5216 90 90 90  141.92 2.24
K,Se KgSe, Fm-3m 7617 7617 7617 90 20 90  441.99 -37.52
Co(Ky)Se; Co,K,Seg  Pa-3 7.584 7.584 7584 | 90 90 90 436.23 -62.52
Co(Ky),Se; CosKsSeg  Pa-3 8.244 8.244 8.244 90 90 90 560.25 -61.53
Co(Ka)(Kp).Se,  CosKppSes  Pa-3 9528 9528 9528 90 90 90  865.11 -62.78
Co3KSe, CogK,Seg  C2/m 17.468  3.365 8636 90 14057 90 322.38 -86.54

Table S5. The structure and bind gap of different compositions.

Sample CoSe; | CosSe, | K2CoSe, | CoSe KCo,Se; | KgCoSes | Co K,Se

supercell Co4Seg | Co,Seg | KsCosSeg | CozSe; K,CosSes | Ki2C0,Seg | Coz KsSey

Space Pa-3 C2/m | Ibam P63/mmc | 14/mmm | P63mc P63/mmc | Fm-3m

Group

Band 0 0 0 0 0 0 0 2.108

Gap/eV
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