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Electrochemical calculation

In the three-electrode system, the specific capacitance (Cnm, F g) of the electrode is calculated
from the galvanostatic charge-discharge (GCD) curves based on the following equation:

Cn=IAt/(MAV)

where | (A) is the discharging current, At (s) is the discharging time, m (g) is the mass loading
of active material in the working electrode and AV (V) is the discharging potential range.

In the two-electrode system, the specific capacitance (Cs, F g %) of the electrode is calculated
from the GCD curves based on the following equation:

Cs=2IAt/(MAV)

where | (A) is the discharging current density, At (s) is the discharging time, m (g) is the mass
loading of active material based on one electrode and AV (V) is the discharging potential range.

The energy density and power density are calculated by using the following equations:

E=Cs(AV)?(253.6)

P=3600E/At

where E (Wh kg™) is the specific energy density, P (W kg™) is the specific power density of the
symmetrical supercapacitor system, C (F g™ ) is the gravimetric specific capacitance of the total
symmetrical system, A V (V) is the operation voltage for charging and discharging, and At (S) is the
discharging time. Electrochemical impedance spectroscopy (EIS) is obtained in a frequency range
of 100 kHz to 10 mHz at open circuit voltage with an alternate current amplitude of 5 mV.
The kinetic current density (Jx) and the number of electrons transferred (n) are determined from

detailed analysis based on the Koutecky-Levich (K-L) equation, at different electrode potentials:

1/3=1/3 +1/(Bw®®)

B = 0.62nFCy(Do)?*v
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Where J is the measured current density, Ji is the kinetic current density, and o is the electrode
rotating rate. B can be determined from the slopes of K-L plots based on the K-L equation, where n
represents the number of electrons transfer per O, molecule, F is the Faraday constant (F=96485 C
mol™), Co denotes the bulk concentration of O, (1.26>10° mol L™), Dy is the diffusion coefficient

of 0, (1.93x10° cm? s%), and v is the kinetic viscosity of the electrolyte (1.0x<10 cm? s™).
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Figure S1. Thermal gravimetric analyses curve of juncus.
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Figure S2. Photos of juncus and carbonated juncus (HPC-800).
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Figure S3. SEM images of crude juncus, (A) top-view image; (B) image magnified from position A;

(C) side-view image; (D) image magnified from position C.
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Figure S4. FT-IR spectra of crude juncus and HPC-800.
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Figure S5. FT-IR spectra of NDPC-1-800, NDPC-3-800 and NDPC-5-800.

In order to explore the chemical functional groups of the samples, FTIR was collected and shown
in Figure S4 and Figure S5. It can be seen from Figure S4 that several peaks representing
oxygen-contained groups, such as C=0 (1636 cm™, 2921 cm™), C-O (1062 cm™) and -OH (3435
cm™), were observed in the crude juncus. However, these peaks became weak or disappeared once
the crude juncus were processed to HPC-800. The reason was that hydrophilic groups were
removed during heat treatment. However, it can be observed from Figure S5 that the strong peak at
3435 cm™ was assigned to -OH stretching vibration, the peak approach 2921 cm™ and 1636 cm™
derived from C=0 stretching vibration, the peak around 1462 cm™ should be attributed to C=C and
C=N bands, and the broad peak centered at 1056 cm™ was characteristic of C-O bonds. These
results illustrated that O and N elements existed in NDPC-x-800 and gave these with high
conductivity and good surface wettability, which was effective in improving electrochemical

performance.
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Figure S6. TEM of HPC-800 (A), NDPC-1-800 (B), NDPC-3-800 (C) and NDPC-5-800 (D).
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Figure S7. High-resolution XPS spectra of C1s (A), N1s (B) and O1s (C) of HPC-800.
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Figure S8. High-resolution XPS spectra of C1s (A), N1s (B) and O1s (C) of NDPC-1-800.
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Figure S9. High-resolution XPS spectra of C1s (A), N1s (B) and O1s (C) of NDPC-3-800.
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Figure S10. High-resolution XPS spectra of C1s (A), N1s (B) and O1s (C) of NDPC-5-800.
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Figure S11. Cyclic voltammogram curves of (A) HPC-800; (B) NDPC-1-800and (C) NDPC-5-800

electrode at different scan rate.

S14



o
o
o

o

o S
ES [N}
< o
» )

o
@
O
o

Potential ( V vs. Ag/AgCl) p»

~ Potential ('V vs. Ag/AgCl) =

0 50 100 150 200 250 300 350
Time (s)

o o o o
> IS [N o

_ Potential ( V vs. Ag/AgCl) )

EN
o

0 100 200 300 400 500 600 700 800
Time (s)

200 400
Time (s)

600

800

Figure S12. Galvanostatic charge-discharge curves of (A) HPC-800; (B) NDPC-1-800 and (C)

NDPC-5-800 electrode at different current density.
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Figure S13. Nyquist plots of HPC-800, NDPC-1-800, NDPC-3-800 and NDPC-5-800 electrode.
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Figure S14. Nyquist plot of NDPC-3-800//NDPC-3-800 symmetric supercapacitor device in 6.0 M

KOH electrolyte.
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Figure S15. The cycling stability of NDPC-3-800//NDPC-3-800 symmetric supercapacitor device

at the current density of 10 A g™ in 6.0 M KOH electrolyte.
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Figure S16. CV curves of HPC-700 (A), HPC-800 (B), HPC-900 (C) and HPC-1000 (D) in N, and

O, saturated 0.1 M KOH at the scan rate of 10 mV s™.
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Figure S17. The resistance to methanol cross-over effect of (A) NDPC-5-800 and (B) Pt/C test at

the scan rate of 50 mV s,
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Figure S18. The CVs cycling in O, saturated 0.1 M KOH at the scan rate of 50 mV s, First cycle

(black line) and after 1000 cycles (red line).
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Table S1. Comparison of electrochemical performance of NDPC-3-800 with other carbon materials derived from biomass materials.

Carbon precursor Activator Surface area (m*g™)  Pore volume (cm® g™) Electrolyte Specific capacitance Ref.
Poplar catkins ZnCl, 1463 1.31 1 M H,S0, 251F gt (0.5Ag"Y 1
Hexagonia apiaria KOH 1280 - 6 M KOH 324Fgt(1.0Agh 2
Soybean Root KOH 2143 0.94 6 M KOH 268 F gl (0.5A QY 3
Willow catkin KOH 1533 0.92 6 M KOH 298 Fgt (0.5A g™ 4
Willow catkins KOH 1775.7 0.8516 6 M KOH 292F gt (1AgY 5
Fresh lotus H,0,, HAC 1015 0.824 3 M KOH 340F gt (0.5AgY 6
Sugar cane bagasse KOH, Urea 2905.4 2.05 6 M KOH 3019Fg* (1.0AgY 7
Indicalamus leaves PTFE 1801 1.45 6 M KOH 326 Fg* (0.5AgY 8
Sodium glutamate NaCl 1007.62 0.56 6 M KOH 320F gt (1.0AgY 9
Corncob sponge KOH 1874 0.945 6 M KOH 404F gt (0.1Agh 10
Pomelo peels (NH4)2HPO, 807.7 0.4378 2 M KOH 240 F gt (0.5A g™ 11
Ant powder KOH 2650 1.4 6 M KOH 576 Fg* (1.0AgY 12
Clover stems KClI 1459 0.912 1 M H,S0, 451 Fgt(05Agh 13
Round-grained rice - 115 - 6 M KOH 321Fgt(05Agh 14
Paulownia sawdust NaOH 1962 0.94 6 M KOH 227 Fg* (2.0 mV st 15
Juncus ZnCl, 1379.9 1.163 6 M KOH 2905 F gt (0.5AgY) This work
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Table S2. Summary of the ORR performance of carbon materials derived from biomass materials.

Biomass Activator Electrolyte Peak potential Hetero-atoms Ref.
Luffa sponge NH3 0.1 M KOH -0.13 V vs Ag/AgCl N 16
Bamboo fungus ZnCl; 0.1 M KOH 0.089 V vs Ag/AgCl N 17
Malachium Aquaticum - 0.1 M KOH 0.053V vs RHE N 18
Platanus Urea, Boric acid 0.1 M KOH 0.829 V vs RHE N, B 19
Soybeans FeCls; 0.1 M KOH 0.690 V vs RHE Fe, N 20
Corn silk NHs, FeCl; 0.1 M KOH - N, P, Fe 21
Honeysuckles - 0.1 M KOH 0.082 V vs Ag/AgCl N, S 22
Water hyacinth ZnCl, 0.1 M KOH 0.88 V vs RHE N 23
Lycium barbarum L NaCl 0.1 M KOH -0.22 V vs SCE N 24
Soybean NH;3 H,0 0.1 M KOH -0.27 V vs SCE N 25
Cocoon silk ZnCl; 0.1 M KOH -0.13 V vs Ag/AgCl N 26
Pig blood FeCls 0.1 M KOH -0.19V vs SCE N 27
Juncus ZnCl; 0.1 M KOH -0.173 V vs Ag/AgCI N This work
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