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S1. Electrochemical measurements

The gravimetric (Cg, F g−1) of a single electrode was calculated from the discharge 

curves according to the following equations(1-2) [1-4]:

=                                         (1)𝐶𝑔

2𝐼 △ 𝑡
𝑚 △ 𝑉

 

where I (A) is the constant discharge current, Δt (s) is the discharge time, m (g) is 

the mass of the active material in a single electrode, ΔV (V) is the voltage change in 

discharge.

The gravimetric energy density (Wg,Wh kg−1) and power density (Pg, W kg−1) of 

the two-electrode symmetric supercapacitors were also calculated according to 

equation (2 – 3):

                                    (2)
𝑊𝑔 =

𝐶𝑔Δ𝑉2

8𝑥3.6

                            (3)
𝑃𝑔 =

3600𝑥𝑊𝑔
Δ𝑡

where Cg (F g−1) represents the gravimetric specific capacitance of a single 

electrode obtained from equation (1), ΔV (V) is the voltage change in discharge, Δt (s) 

is the discharge time.



S2. SScheme & SFigures & STables

Figure S1. Comparative FT-IR spectra of Chitosan (C) and CBHP (C-B)

Figure S2. Thermogravimetric analysis (TGA) of chitosan: C and CBHP
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Figure S3. TEM images of C-B-X-Y carbon materials: (a) C-B-800; (b)C-B-KOH-
300; (c) C-B-KOH-400; (d) C-B-KOH-500; (e) C-B-K2FeO4-400; (f) C-B-KCl-800.

Figure S4.  XPS survey spectra of (a) C-B-KOH-Y(300℃-500℃) and (b) C-B-X-Y.



Figure S5. Cyclic voltammetry at 20 mVs-1 ~ 200 mVs-1 and GCD curves at 0.5 Ag-1 

~ 10Ag-1 of C-B-KOH-Y (300℃ ~ 500℃) in 6 molL-1 KOH .



Figure S6. Cyclic voltammetry at 20 mVs-1 ~ 200 mVs-1 and GCD curves at 0.5 Ag-1 
~10 Ag-1 of C-B-X-Y in 6 molL-1 KOH



Table S1 Adsorption parameters from N2 adsorption isotherms and electrochemical 

performances of the as-prepared N-doped carbon material samples.

Sample

BET 
surface 
areaa

(m2 g−1)

Total 
pore 

volumeb 

(cm3 g−1)

Micropore 
volumec

(cm3 g−1)

Most 
probable 

pored 

diameter 
(nm)

Cg
e

(F g-1)

C-B-800 81 0.24 0.003 12.31 90
C-B-KOH-300 2780 1.35 0.61 1.9 302
C-B-KOH-400 3331 2.24 0.87 2.28 367
C-B-KOH-500 2438 1.22 0.81 1.77 260
C-B-KCl-800 510 0.82 0.39 3.48 168

C-B-K2FeO4-400 1815 0.99 0.47 2.18 253

a: Surface area (BET) calculated using the BET method.

b: Total pore volume determined at a relative pressure (P/P0) of 0.99.

c: Micropore volume calculated using the DFT model.

d: Pore size distribution is calculated by using the NLDFT method.

e: The Cg values calculated from discharge curves at a current density of 0.1 A g−1 in 6 M KOH.



Table S2 Comparison of the specific surface area (SBET ) performance in this work 
and other literatures

Materials Activation Method Activation Agent SBET (m2 g-1) Refs

Chitosan Chemical
KOH

K2FeO4

3330

1815
This work

Chitosan Chemical K2CO3 1013 [5]

Chitosan Chemical KOH 2435 [6]

Chitosan Chemical KOH 2616 [7]

Chitosan Chemical ZnCl2 1582 [8]

Chitosan Chemical ZnCl2 1567 [9]

Chitosan Physical CO2 1054 [10]

Chitosan Chemical ZnCl2 1785 [11]

Chitosan Chemical Na2CO3 440 [12]

Chitosan Chemical Zn(NO3)2·6H2O 1956 [13]

Chitosan Chemical KOH 2169 [14]

Chitosan Chemical KOH 2807 [15]

Chitosan Chemical KOH 2397 [15]

Starch Chemical KOH 2273 [16]

Pumpkin Chemical KOH 2968 [17]

Peanut shell Chemical KOH 2396 [18]

Paulownia sawdust Chemical NaOH 1962 [19]

Lignin Chemical KOH 2218 [20]

Sawdust Chemical KOH 1850 [21]

Glucose Chemical ZnCl2+KCl 2160 [22]

Wheat straw Chemical KOH 2316 [23]

Cherry stones Chemical KOH 1273 [24]

Waste news paper Chemical KOH 416 [25]

Hemp bast fiber Chemical KOH 2287 [26]

Spider silk Chemical ZnCl2 721 [27]

Broussonetia

papyrifera

Chemical KOH 1212 [28]

Neem dead leaves Chemical KOH 1230 [29]

Black liquor Chemical KOH 2646 [30]



Table S3 Comparison of the supercapacitances performance in this work and 
other literatures

Materials
Capacitance

(F/g)

Current 

density

(A g-1)

Electrolyte

Max energy 

density 

(Wh/kg)

Max 

power 

density

(w/kg)

Voltage

Window(V

)

Refs

Activated carbon 195 0.5 6 M KOH 10 1000 1 [31]

Mesoporous Carbon 227 0.2 6 M KOH 1 [32]

Hierarchical Porous 

Carbon

139 1 1 M LiPF6 37.9 700 2.8 [33]

hierarchical porous 

carbons

336 1 6 M KOH 72.7 1204 2.5 [34]

Hierarchically 

Porous Carbon

253 0.5 6 M KOH 1 [35]

Nano Porous Active 

Carbon

225 0.5 6 M KOH 7.8 250 1 [36]

Microporous Carbon 286.1 1 6 M KOH 53.6 1124.5 1.5 [37]

hierarchical porous 

carbon

309 0.5 1 M H2SO4 10.7 125 1 [38]

Biomass-Derived 

Carbon

225 0.5 NaClO4 in 

EC/DMC

70 375 3 [39]

Hollow carbon 

microtube

121 1 6 M KOH 35 750 1.5 [40]

Renewable Carbon 215 0.1 6 M KOH 0.8 [41]

Hierarchical Porous 

Carbons 

217.7 1 ionic liquid

BMIMBF4

92.6 879.6 3.5 [42]

Hierarchical porous 

carbon nanosheets

350 0.1 6 M KOH 12.2 25.0 1.5 [43]

Porous carbon 

nanosheets

275 0.5 6 M KOH 7.8 250 1 [44]

Microporous carbon 

nanocomposites

237 0.1 3 M H2SO4 0.9 [45]

Mesoporous carbons 312 1 6 M KOH 9.2 23 1 [46]

graphene nanosheets 201 0.05 1 M H2SO4 6.2 25 1 [47]
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