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Fig. S1. Schematic illustration of preparation process of heteroatoms doped hierarchical

porous carbon framework.
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Fig. S2. () SEM of the carbon without templates and dopants, (b) Optical micrograph
of the raw material of mesophase pitch and (c) TG curve of MP a N2 atmosphere.



Table S1. Typica properties of MP.

Mesophase content  Softening point (°C)  Hydrogen/Carbon Ash (ppm)

100% 275-295 0.58-0.64 <20




Table S2. Elemental analysis of MP.

C (at%) H (at%) S (a%) HIC

95.13 4.89 0.15 0.61
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Fig. S3. Nitrogen adsorption/desorption isotherms.



Table S3. Specific surface areas and pore parameters of samples.

Sample Surface area (m?/g) Pore volume (cm®/g)
NC 1135 0.20
NSC 125.8 0.26
NPC 132.7 0.31

NPSC 163.1 0.43
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Fig. S4. XRD of NC, NSC, NPC and NPSC.



Table $4. Bulk compositions of the prepared materials obtained from the EA results.

EA2 Doping concentration °

C N H S N/C H/C SC

NC 83.81 8.36 1.26 - 8.55 1.80 -
NSC 77.01 7.89 121 2.62 8.78 1.89 1.27

NPC 76.14 7.64 0.87 - 8.60 1.37 -
NPSC 74.64 5.50 1.23 3.65 6.32 1.97 183

wt.%

batomic ratio x100 (%)



Table S5. Surface compositions of the prepared materials obtained from the XPS

anaysis.
ca o2 N2 S pa N/CP S/CcP P/CP
NC 7872  11.56 9.71 - - 12.33 - -
NSC 76.77 1148 10.78 0.8 - 14.04 1.04
NPC 81.82 8.67 8.85 - 0.84 10.81 - 1.03
NPSC 7532 1341 9.6 0.95 0.65 12.75 1.26 0.86
2at%

batomic ratio x100 (%)
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Fig. Sb. (a) XPS survey spectra and (b) magnification of NC, NSC, NPC and NPSC.
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Fig. S6. High-resolution XPS spectra of C 1sfor NPSC.
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Fig. S7. The XPS results are deconvoluted with pyridinic—N, graphitic-N, pyrrolic—N
and pyridinic oxide for XPS-N1s.



Table S6. Various doping types and their fractionsfor N, S, and P at the carbon surface.

N-doping (% )2 S-doping (% )P P-doping (% )°

N1 N2 N3 N4 St ) P1 P2 P3

NC 21.89 29.28 3504 13.79 - - - - -
NSC 26.35 2794 3750 8.20 1244  87.56 - - -
NPC 2507 29.64 3897 6.32 - - 89.67 - 10.33

NPSC 2843 30.23 40.26 1.08 53.26 46.74 5721 36.23 6.56

2 N; (Pyridinic-N; 398.6 €V), N2 (Pyrrolic-N; 399.4 eV), N3 (Graphitic-N; 400.4 eV),
and N4 (Pyridinic oxide; 402-404 eV);

b5, (sulphide C-S-C/S-P), and S, (sulphone C-SOx-C);

° Py (P-C; 132.7 eV), P> (P-S; 133.8 eV) and P; (P-O; 134-136 eV).



Fig. S8. TEM images of (a, b) NPC; (c, d) NSC; (e, f) NC.
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Fig. S9. I-V curves of the wafers containing the as-prepared porous carbon materials.
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Fig. S10. The voltammetry of the (a) NPC, (b) NSC and (c) NC in the first five cycles
between 0.05and 3.00V at 0.1 mV s,



Table S7. Results of eectrochemica performance tests of all samples.

100™
1% charge 1% discharge 1% irreversible
discharge 1% Coulombic
Sample  capacity capacity capacity

capacity  efficiency (%)
(mAhg?)  (mAhg?) (mAhg?)

(mAhg)
NC 872.0 462.4 409.6 346.9 53.03
NSC 900.5 529.7 370.8 481.1 58.82
NPC 946.6 545.1 401.5 508.7 57.58

NPSC  1239.8 770.0 537.2 650.0 62.10




Table S8. Comparison of the electrochemical performance of NPSC with those of

reported carbonaceous materialsin LIBs.

Sample Current Reversible Cyclic performance Reference
densities capacity
NPSC 100 mA/g 770 mAh/g Capacity of 650 mAh/gat Thiswork
100 mA/g over 100 cycles
and 510 mAh/g a 500
mA/g over 500 cycles
Pitch-based 0.1C 360 mA h/g Capacity of 280 mAh/g at [1]
carbon 2 C over 100 cycles
3DGNW 01C 497 mAh/g  Capacity of 297 mAh/g at [2]
1 C over 1000 cycles
N-doped GPC 100 mA/g 551 mAh/g Capacity of 328 mAh/g at [3]
0.5A over 100 cycles
P-doped soft 0.1C 452 mAh/g Capacity of 319 mAh/g at [4]
carbon 0.5 C over 50 cycles
P-doped soft 02C 467 mAh/g Capacity of 379 mAh/g at [9]
carbon 1 C over 50 cycles
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Fig. S11. The Nitrogen adsorption—desorption isotherm curve (&) and pore size
distribution (b) of the obtained 30-NPSC and 80-NPSC.
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Fig. S13. Nyquist plot of NPSC, NPC, NSC and NC electrodes after 100 cycles and an

equivalent circuit inset of it.



Table 9. Thetypical fitted parametersin the electrochemical impedance spectroscopy.

Sample NC NSC NPC NPSC
Re(Q) 15.63 11.37 10.89 7.63
Rr (Q) 46.64 52.96 34.24 20.17
Ret () 66.29 76.68 63.61 50.86
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Fig. S14. The cycling stability of full cellswith NC (a), NPC (b) and NSC (c) as anodes.
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