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1. Raman spectra analysis of the as-prepared samples.

Table S1. The Raman spectra analysis of NCG¢,, NC¢y, NCGpe, NCge, NCGz, and

NCz

Samples D-Band G-Band Ip/Ig?

NCGey 1333.4 1590.1 1.76
NCcy 1346.9 1584.2 2.04
NCGg, 1335.1 1589.2 1.97
NCre 1354.5 1585.8 2.05
NCGz, 1326.7 1587.5 2.07
NCz 1343.5 1588.3 2.31

* The ratio of Ip/Ig was calculated based on the peak area of D-Band and G-Band.
2. The porosity parameter of the carbon materials.
Table S2. Characteristic surface areas and pore structures of NCGc,, NCGg. and

NCGgz, without treatment of acid

Samples BET surface area Total pore ~ Average

(m® g™ volume pore size
Total Shicro (cm3 g'l) (nm)
NCGc, without acid treatment 91.17 19.29 0.232 10.18
NCGg, without acid treatment 209.0 170.15 0.180 3.45
NCGgz, without acid treatment 405.02 368.52 0.228 2.25

Notes: Spicro represents the micropore area.
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Figure S1. (a) Nitrogen adsorption-desorption isotherms and (b) pore size distribution

of NCGg,, NCGg and NCGy,, which were not washed by acids. (STP = standard

temperature and pressure).

3. XPS analysis of the as-prepared samples.
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Figure S2. XPS survey of NCG¢y, NCcy, NCGge, NCge, NCGgz, and NCz,.
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NCGFe, NCFe, NCGzn and NCzn

Table S3. The elemental composition and atomic contents (at.%) of NCGg¢,, NCqy,

Samples C N 0]
NCGc, 68.81 10.68 20.51
NCcy 65.11 11.72 23.17
NCGre 81.43 12.99 5.58
NCre 80.41 10.99 8.60
NCGzy 83.16 11.21 5.63
NCz, 81.24 10.58 8.18

Table S4. Relative ratio (%) of different nitrogen components in NCGg,, NCqy,
NCGge, NCpe, NCGz, and NCy, from N 1s XPS spectra which were calculated based

on the areas of the XPS peaks

Pyridinic-N  Pyrrolic/pyridone-N  Quaternary-N  Pyridine-N

Samples
(N-6) (N-5) (N-Q) -oxide (N-X)
Binding energy(eV) ~398.3 ~400.0 ~401.1 ~403.4-405.6
NCGgy 21.20 41.32 22.03 15.45
NCcu 26.31 37.58 21.73 14.38
NCGre 36.39 27.65 22.13 13.83
NCre 37.79 25.94 25.55 12.72
NCGz, 32.34 29.39 24.44 13.83
NCz, 33.70 33.07 21.30 11.93
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Table S5. Relative ratio (%) of different oxygen components in NCGgcy, NCcy, NCGre,

NCre, NCGyz, and NCz, from O 1s XPS spectra which were calculated based on the

areas of the XPS peaks
Samples C=0 C-OH, C-0-C COOH
(O-1) (O-11) (O-111)
Binding energy(eV) 531.0 532.4 533.6
NCGcy 48.22 35.06 16.72
NCcu 49.52 33.78 16.70
NCGg. 37.94 34.49 27.57
NCr. 45.37 28.71 28.72
NCGz, 30.16 28.76 41.08
NCz, 40.54 35.01 24 .45
a NCGe, ols b NC, ols
c=0 c<0
C-OH, C-O-C S
; : ’; / C-OH, C-0-C
526 528 530 532 534 536 538 526 528 530 532 534 536 538

Binding energy (eV) Binding energy (eV)
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Figure S3. O 1s spectra of (a) NCGgy, (b) NCqy, (¢) NCGpe, (d) NCg, () NCGz, and

(f) NCZn-

4. Electrochemical characterization of supercapacitors based on NCG¢, and the

affect factors, such as the amount of BPD, CuCl,, and pyrolysis temperature, to

their electrochemical performances.
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Figure S4. Electrochemical characterization of supercapacitors based on NCGg, (The
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mass ratio of GO/BPD was 1:10, the molar ratio of BPD/CuCl, was 1:0.6, and the
pyrolysis temperature was 650°C. ): (a) Cyclic voltammetry curves at different scan

rates (1-20 mV s7). (b) Galvanostatic charge/discharge curves at different current

densities (0.5-20 A g™).
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Figure SS. Electrochemical characterization of supercapacitors based on NCGgy
samples with different pyrolysis temperature (400, 500, 600, 650, 700 and 800°C,
respectively): (a) Cyclic voltammetry curves at a scan rates of 5 mV s'. (b) The

specific capacitances at different current density ranging from 0.5 to 20 A g
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Figure S6. Electrochemical characterization of supercapacitors based on NCGg,
samples with different mass ratio of GO/BPD (1:5, 1:10 and 1:15): (a) Cyclic
voltammetry curves at a scan rate of 5 mV s. (b) The specific capacitances at
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different current density ranging from 0.5 to 20 A g
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Figure S7. Electrochemical characterization of supercapacitors based on NCGg,
samples with different molar ratio of BPD/CuCl, (1:0.4, 1:0.6 and 1:1, respectively):
(a) Cyclic voltammetry curves at a scan rates of 5 mV s'. (b) The specific
capacitances at different current density ranging from 0.5 to 20 A g'l.

5. Electrochemical characterization of supercapacitors based on NCGy, and the
affect factors (including the amount of BPD, FeCl;, and pyrolysis temperature)

to their electrochemical performances.
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Figure S8. Electrochemical characterization of supercapacitors based on NCGg, (The
mass ratio of GO/BPD was 1:10, the molar ratio of BPD/FeCl; was 1:0.6, and the
pyrolysis temperature was 600°C. ): (a) Cyclic voltammetry curves at different scan
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rates (1-20 mV s™). (b) Galvanostatic charge/discharge curves at different current

densities (0.5-20 A g'l).
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Figure S9. Electrochemical characterization of supercapacitors based on NCGg.
samples with different pyrolysis temperature (400, 500, 600, 650, 700 and 800°C,
respectively): (a) Cyclic voltammetry curves at a scan rates of 5 mV s, (b) The

specific capacitances at different current density ranging from 0.5 to 20 A g™
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Figure S10. Electrochemical characterization of supercapacitors based on NCGg,
samples with different mass ratio of GO/BPD (1:5, 1:10 and 1:15, respectively): (a)
Cyclic voltammetry curves at a scan rates of 5 mV s™. (b) The specific capacitances at

different current density ranging from 0.5 to 20 A g'l.
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Figure S11. Electrochemical characterization of supercapacitors based on NCGge
samples with different molar ratio of BPD/FeCl; (1:0.4, 1:0.6 and 1:1, respectively):
(a) Cyclic voltammetry curves at a scan rates of 5 mV s'. (b) The specific
capacitances at different current density ranging from 0.5 to 20 A g'l.

6. Electrochemical characterization of supercapacitors based on NCGz, and the
affect factors (including the amount of BPD, ZnCl,, and pyrolysis temperature)

to their electrochemical performances.
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Figure S12. Electrochemical characterization of supercapacitors based on NCGyg,
(The mass ratio of GO/BPD was 1:10, the molar ratio of BPD/ZnCl, was 1:0.6, and
the pyrolysis temperature was 650°C. ): (a) Cyclic voltammetry curves at different
scan rates (1-20 mV s™). (b) Galvanostatic charge/discharge curves at different current
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densities (0.5-20 A g'l).
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Figure S13. Electrochemical characterization of supercapacitors based on NCGyg,
samples with different pyrolysis temperature (500, 600, 650, 700 and 800 °C,
respectively): (a) Cyclic voltammetry curves at a scan rates of 5 mV s”. (b) The

specific capacitances at different current density ranging from 0.5 to 20 A g'l.
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Figure S14. Electrochemical characterization of supercapacitors based on NCGyg,
samples with different mass ratio of GO/BPD (1:5, 1:10 and 1:15, respectively): (a)
Cyclic voltammetry curves at a scan rates of 5 mV s™. (b) The specific capacitances at

different current density ranging from 0.5 to 20 A g™
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Figure S15. Electrochemical characterization of supercapacitors based on NCGg,

samples with different molar ratio of BPD/ZnCl, (1:0.4, 1:0.6 and 1:1, respectively):

(a) Cyclic voltammetry curves at a scan rates of 5 mV s'. (b) The specific

capacitances at different current density ranging from 0.5 to 20 A g'l.

7. The comparison of electrochemical properties of the reported materials and

the present work.

Table S6. The comparison of gravimetric specific capacitances of the reported

N-doped carbons or nitrogen-doped graphene/carbon composite materials and the

present work

Samples C(F g'l) Ref
3D hierarchical porous carbon fibers 329 (0.1 A g'l) 1
Activated polyaniline-based carbon 331 (02Ag") 2
nanoparticles
Hierarchical porous and N-doped carbon 365.9 (0.1 A g'l) 3
nanotubes
3D hierarchical porous carbon 3182 (0.5A¢™) 4
Biomass-derived nitrogen-doped porous 320 (0.5A g") 5
carbon
Hierarchical nitrogen-doped porous carbon 239 (5 mVs™) 6
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Graphitized nanoporous carbons
Porous carbons
Porous carbons
Porous carbons
Hollow, spherical nitrogen-rich porous
carbon shells
Heavily nitrogenated graphene oxide
Graphene-incorporated nitrogen-rich carbon
composite
Graphene/nitrogen-doped ordered
mesoporous carbon nanosheet
Hierarchical porous N-doped sandwich-type
carbon composites
Nitrogen-doped carbon decorated graphene
Three-dimensional nitrogen-doped
hierarchical porous carbon/graphene
N-doped activated composite
Porous nitrogen-doped graphene/carbon
nanotubes composite
Sandwich-like nitrogen-enriched porous
carbon/graphene composites
NCGgy
NCGge
NCGz,

238 (20 mV s™)
272 5 mVs™)
214 (5mVs™)
211 (10 mV s™)
230 (0.5A g")

320 (0.3Ag")
300 (0.1 A g™")

377 (0.2 Ag")

340 (0.5A g")

289 (0.2 A g")
318(1A gh

267 (5mVs?)
246.6 (0.5 A g™)

381.6 (0.1 Ag™)
369 (0.5A g™")

298.5(0.5A¢™)
309.5 (0.5A g™

11

12
13

14

15

16

20

This work
This work
This work
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Table S7. The comparison of volumetric specific capacitances of the reported carbon

materials and the present work

Samples C (F cm™) Ref
Densely packed graphene nanomesh-carbon 331 (5mVs?) 21
nanotube hybrid film
Liquid-mediated dense integration of 2613 (0.5Ag") 22

graphene materials

Compactly interlinked graphene nanosheets 376 (0.1 Ag™) 23
High density reduced graphite oxide 255(1Agh 24
Free-standing boron and oxygen co-doped 1793 (1A gh 25

carbon nanofiber films

Sandwiched graphene/porous carbon layers 212(05Ag" 26
Porous layer-stacking carbon 360 (0.5Ag™) 27
Crumpled nitrogen-doped graphene 98 (1Agh 28
Nitrogen-doped sandwich-like porous 287 2mVs™) 29

carbon nanosheets

Oxygen- and nitrogen-enriched 3D porous 360 (0.5A g™) 30
carbon
Functionalized porous carbon 468 (0.5A g™") 31
NCGcy 560.9 (0.5 A g™) This work
NCGre. 2782 (0.5A¢™) This work
NCGz, 355.9(0.5A g™ This work
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