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Figure S1. DSC results of N-HC, N-rGO and N-HC/rGO.
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Figure S2. Fitting of XRD (002) peak of (a) N-HC and (b) N-HC/rGO.



Figure S3. EDS elemental mappings of (a—e) N-HC and (f—j) N-HC/rGO.
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Figure S4. (a) XPS survey spectra of N-HC and N-HC/rGO. XPS spectra of S 2p of (b) N-HC and (c)

N-HC/rGO.
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Figure S5. (a) N, adsorption/desorption and (d) CO, adsorption measurements of N-HC-3h sample; SSA

and pore size distribution determined by NLDFT calculation of (b) N, adsorption/desorption and (e)

CO, adsorption measurements; Pore size distribution determined by NLDFT calculation for (c) N,

adsorption/desorption and (f) CO, adsorption measurements.
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Figure S6. (a) N, adsorption/desorption and (b) corresponding pore size distribution by NLDFT

calculation of N-rGO.
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Figure S7. Electrochemical performance of N-rGO electrode. (a) CV curves at different scan rates;

Cycling test of N-rGO electrode at (b) 0.1 and (¢c) 1.0 A g1
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Figure S8. CV curves of (a) N-HC and (b) N-HC/rGO; Cycling test at (¢) 0.1 A g*'and (d) 1.0 A g”! of

N-HC and N-HC/rGO, respectively.
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Figure S9. Cycling performance of N-HC-3h electrode at (a) 0.1 and (b) 1.0 A g”'.
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Figure S10. In-situ XRD result of N-HC/rGO electrode when discharged at 0.1 A g™!.
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Figure S11. Electrochemical performance of NVP electrode. (a) Rate capability at various current
densities from 0.02 to 2.0 A g”'; (b) Cycling performances at 0.1 and 1.0 A g!; SEM images of NVP (c)
before cycling and (d) after cycling at 0.1 A g™! after 50 cycles.
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Figure S12. Electrochemical performance of N-HC/rGO//NVP full cell. (a) CV curves at various sweep

rates from 0.1 to 1.0 mV s7!; (b) Rate capability at various current densities from 0.01 to 0.1 A g™.



Table S1. XPS data of N-HC and N-HC/rGO samples.

N-HC N-HC/rGO

c-C 34.0%  40.8%
C=C 35.8%  22.4%
C cnN 17.7%  24.0%
Cc-0 74%  63%
Cc=0 51%  6.5%

Pyridinic-N 28.7% 41.5%
N  Pyrrolic-N 43.5% 42.2%

Quaternary-N  27.8% 16.3%

0=C 30.1%  38.6%
0o 0=C 51.4%  50.7%

0=C-OH 18.5%  10.7%
C (Atomic %) 89.32%  93.28%
N (Atomic %) 7.94%  4.15%

O (Atomic %) 273%  2.58%




Table S2. Comparison with the hard carbon electrodes in the previous works.

Cycle performance

ICE

Materials Electrolytes Rate Capability and Capacity retain [%] Ref.
407.3 mA h g! after 100 cycles
o . at 10 mA g !, ~78.7%;
3535 mAh g,l at 30 mA g 1. | 261.4 mA h g! after 500 cycles
N-HC/rGO 321.9mA h g'at 100 mA g !; a o . 84.7
266.8 mA hg ! at 1000 mA g'; at 100 mA g'", ~84%;
: ’ 190.5 mA h g ! after 1500
cycles at 1000 mA g!, ~80.7%; .
1 M NaPF This
in DEGDME 199.1 mA h g ! after 100 cycles work
at 10 mA g1, ~56.7%;
284 mAhg'lat50mA g'; 120.2 mA h g™! after 500 cycles
N-HC 273.9mAhg!at 100 mA g'!; at 100 mA g1, ~51.2%; 75.1
1574 mA h g ! at 1000 mA g '; 105.8 mA h g! after 1500
cycles at 1000 mA g!,
~47.9%:;
-1 17.
Corn cob 0.6 M NaPFg 360mAh £ at 30 mA g _1’ 275 mA h g1 after 100 cycles
X . 288 mA hg'lat 150 mA g'; 86 (1]
derived HC | in EC/DEC 211 mA hg ! at 600mA gfl;’ at 60 mA g1, ~97%
-1 -1
Shaddock |y \acip, | 430 mANE at30mA LTS | 35y A bl after 200 cycles
peel derived in EC/DEC 373.5mAhg!at50mA gl; at 50 mA a1 ~97 5% 67.7 [2]
HC 317.7mAhg'at 100 mA g £ 2o
1
Lotus | MNaCIO; | 3306mAhg'ats0mAgh | 20 al??o};ix ajteigg (;;yf’les
seedpod in PC with 2889 mAhg!at100mA g; & 87170 50.4 [3]
derived HC | 2%FEC | 783 mAhg 'at1000mA gt | [61:5 mAhe Fafter SO0 cycles
: £ &5 at 200 mA g, ~80%;
Wood fiber | 1 M NaClO,4 . i 196 mA h g™! after 200 cycles
derived HC | inEC/DEC | 200mAhg atl00mAgs at 100 mA g !, ~100%; 2o
N-doped 304mAhg'at20mA gl .
PVP derived | ' MNSEOU T 200 mang tat 100 ma gty | POMANE AT g s
HC 70 mA h g ! at 1000 mA g!; £ IR
S-doped 420mAh g at 50 mA g 320 mA h g ! after 100 cycles
mesophase | 1 M NaClO, | o at 100 mA g'!;
. . 340mAhg'lat100 mA g!; ) 56 [6]
pitch in EC/DEC 217 mA h ol at 1000 mA o' 200 mA h g' after 1000 cycles
derived HC £ &5 at 4000 mA g, ~100%;
- -1 1.
P-doped 1 M NaPF; 339 mAh g,l at20 mA g 2 200 mA h g™! after 150 cycles
sucrose in EC/DEC ~250 mA h g at 100 mA g ; at 40 mA o1 ~85% 73 [7]
derived HC ~60 mA h g at 1000 mA g '; £ ’
-1 -1
P-doped pyp | LMNaCO, | 384.5mAhg Tat20mA g% 306 4 1A b g1 after 100 cycles
derived HC in EC/DEC 320.1 mA hg!at 100 mA g !; £20 mA o1 ~98 2% 45 [8]
erive with 2% FEC | 134.6mA hg ' at 1000 mA g'; asVmAg S, =827
2754 mAh g at SO mA g ~250 mA h g! after 300 cycles
Chitosan 1 M NaPF; ' 3 o at 50 mA g
. . 206 mA h g7! at 2000 mA g !; 4 85.9 [9]
derived HC in DME 139 mA h o at 10000 mA o-'1: 196 mA h g™! after 2000 cycles
& g at 1000 mA g~!, ~90%;
Loofah 1M 320mAhg'lat30mAg; »
sponge | NaCF;8Osin | 217mAhg'at900mA gl | 2 O:t“?;o‘ ¢ Aaftfir igg(;y_des 63 | [10]
derived HC | DEGDME | 210mAhg!at 1500 mA g '; £ 237
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-1 -1
Cotton 0.8 M NaPFg 237155£1:;1 g% | ait13500nrlnigg’1, . 305 mA h g! after 100 cycles 23 [11]
. . s -1 970/
derived HC in EC/DEC 180 mA h o' at 300 mA g at 30 mA g, ~97%;
-1 1.
| NaCIOy | 2078 mA B et ot 100 mA ;| 181 mAB e after 220 cyles
Pomelo peels | . N ) £ £ at 200 mA g~!, ~84.6%; 27 [12]
in EC/PC 118.4mAhg!at1000 mA g /; ’ ’
71 mA h g ! at 5000 mA g;
300mAhg'at30mAgl; .
Sucrose | LMNaClO 1 mAh g at60mA g ;| 222 MmAhe after100cyeles | gy |4
in EC/DEC at 30 mA g1, ~80%;
100 mA hg'at 150 mA g7'; ’ ’
200mA hg'at40 mA g
1 M NaClO,4 150mAhg'at100mA g'; 274 mA h g! after 195 cycles
Suerose/GO | Ec/pEC 50mAhg ' at 500 mA g'; at20 mA g !, ~90.6%; 83| 4]
25mA hg!at 1000 mA g™';
. 1 M NaClO4 265 mA h gl at 500 mA g™'; 346 mA h g™! after 100 cycles
Ricehusk | % Be/DEC | 166 mA h g 'at 1000 mA g '; at25 mA g !, ~93%; 66 | [15]
-1
Q.8 MNaPF¢ | 515950 mA R e lat0l Ag: 240mAhg a_ffer 150 cycles 70.9
in EC/DEC; . . at 50 mA g, ~100%;
Sucrose 100/220mAhg'at0.5A g!; . [16]
0.8 M NaPF & . 230 mA h g! after 150 cycles
in DEGDME 80/200mAhg'latl.0OAg!; at S0 mA g1, ~93.7%: 83.8
351mAhg'at40mA gl
1 M NaClO,4 290 mA h g !at 100 mA g™'; 330 mA h g™! after 450 cycles
Lotus stems | % EC/DEC | 240 mA hg ! at 200 mA g '; at 100 mA g, ~94%; 701 1]
150mAhg'at500mA g’/;
310mAhg'at60mA g'; .
Poplar wood | 1 M IS | 200mAh g at 150 mA g 330 mAa}i g rﬁer 100¢yeles | gg3 | 18]
180 mA h g ! at 300 mA g ; £
_ _ 298 mA h g! after 100 cycles
1 1.
Expanded | 1MNaClo, | 223/ mAhg ‘at20mAg at 100 mA g™, ~99%;
o 236.5mAhg!at100 mA g!; ] 673 | [19]
HC PC, 5% FEC 146.7 mA h o at 1000 mA o-1- 132 mA h g ! after 500 cycles
: & &5 at 500 mA g!, ~89.8%;
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