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1. Characterization
The surface morphologies and microstructures of all samples were observed by 

transmission electron microscopy (TEM, Tecnai G2 F20), high resolution 

transmission electron microscopy (HRTEM), selected area electron diffraction 

(SAED) and scanning electron microscopy (SEM, SU1510). The crystallinity of the 

samples was characterized by Raman spectroscopy (Horiba Horiba Jobin Yvon 

LabRAM HR800) and X-ray diffraction (XRD, Rigaku Smartlab). The chemical bond 

structure and elemental analysis of materials were examined by the X-ray 

photoelectron spectroscope (XPS) using Thermo Scientific ESCALab 250Xi system. 

The N2 adsorption/desorption isotherms of as-prepared samples were obtained by 

ASAP 2020 system (Micrometitics, Norcross, GA). The Brunauer-Emett-Teller (BET) 

specific surface areas (SSA), total pore volumes (Vtotal) and pore size distributions 

were analyzed through N2 adsorption/desorption isotherms. 

2. Electrochemial measurements

In a three-electrode system, the electrochemical performances of as-prepared 

samples were measured by electrochemical workstation (Metrohm, AUTOLAB). The 

obtained slurry was fabricated by mixing the obtained electrode sample (80%), 

polyvinylidene fluoride (PVDF, 10%) and acetylene black (10%) using a certain 

amount of N-methyl-2-pyrrolidone (NMP) as solvent, which was cast on a carbon 

paper (20 × 35 mm2) and dried (80 ˚C for 12 h) as working electrode. Ag/AgCl 

electrode and a Pt foil electrode (20 × 20 mm2) were used as reference and counter 

electrode, respectively. The electrochemical impedance spectroscopy at an open 

circuit potential with amplitude of 5 mV in the frequency range of 0.01-100000 Hz 

(EIS), cyclic voltammetry (CV), and galvanostatic charge-discharge (GCD) were 



measured using a 6 M KOH aqueous solution. The specific capacitances (C, F g-1) of 

all samples were obtained from the GCD curves as follows:

𝐶 =
𝐼𝑑 × ∆𝑡

𝑚 × ∆𝑉
(1)

where ∆V (V), Id (A), ∆t (s) and m (g) is the applied voltage window, the discharge 

current, discharge time and the mass of active materials.

The symmetrical SC was assembled by two N-P-HHPC-3 electrodes and 

measured using a two electrode system. CV, GCD and cycle life measurements 

(CHI660E, Chenhua Instruments Co. Ltd., Shanghai) were tested in 1 M Na2SO4 gel 

electrolyte and EMIMBF4 solution, respectively. The specific capacitance (C, F g-1), 

energy density (E, Wh kg-1) and power density (P, W kg-1) of symmetrical SC can be 

calculated by the GCD curves as following equations:

𝐸 =  
1

7.2
× 𝐶 × ∆𝑉2 (2)

𝑃 =  3600 ×
𝐸
∆𝑡 (3)



Figure S1 CV curves at different scan rates of N-O-P-HHPC-0 (a), N-O-P-HHPC-1 (b), N-O-
P-HHPC-3 (c) and N-O-P-HHPC-6 (d).



Figure S2 GCD curves at different current densities of N-O-P-HHPC-0 (a), N-O-P-HHPC-1 
(b), N-O-P-HHPC-3 (c) and N-O-P-HHPC-6 (d).



Table S1 Electrochemical performances of biomass based carbon material 

Biomass 
precursor

SSA 

(m2 g-1)
C (F g-1) / Current 

density (A g-1) E (W h kg-1)/P (W kg-1) Ref.

Sugar 1005 250/1 8.7/500 (6 M KOH) [1]

Willow catkin 1533 298/0.5 21/180 (1M Na2SO4) [2]

Perilla 
frutescens 655 270/0.5 14.8/490 (1M Na2SO4) [3]

Weed 1484 391/0.5 20.15/500 (1M Na2SO4) [4]

Chestnut shell 691.8 402.8/0.5 26.6/445.5 (1M Na2SO4) [5]

Baobab fruit 
shells 1059.3 233.48/1 20.86/400 (1M Na2SO4) [6]

Tobacco rods 1886 286.6/1 31.3/500(1M Et4NBF4) [7]

Coal tar 1517 274/0.05 -- [8]

Sunflower stalk 1505 365/1 35.7/989 (Et4NBF4) [9]

Yogurt 1300 225/2 7/5000 (6 M KOH) [10]

Boat-fruited 
sterculia

seeds
3243 -- 22.4/500 (1M Na2SO4) [11]

Tremella 1097 299.3/0.5 42.4/760 (Et4NBF4) [12]

Petroleum 
asphalt 3581 277/0.05 14.2/445 (1M Na2SO4) [13]

Straw cellulose 
waste 2297 312.6/0.5 28.6/14090 (Et4NBF4) [14]

Broad bean 
shells 655.4 202/0.5 -- [15]

Chitosan 1129.6 316/0.2 -- [16]

Bamboo char 1732 222/0.5 6.7/100 (6 M KOH) [17]

Soybean 1749 243.2/0.5 12.5/450 (0.5 M Na2SO4) [18]

Corn straw 1771 222/1 -- [19]

Shrimp shells 1946 322/0.5 11.2/110 (6 M KOH) [20]

Sophora 
Japonica 2068.9 386/1

28.4/449.9 (1M Na2SO4)

80.8/1500 (EMIMBF4)
Our 
work
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