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S1 Chemicals

The basic amino acid histidine (denoted as His) was purchased from Sigma-Aldrich.
Potassium bicarbonate (KHCO3, denoted as PBC) and ethanol were supplied by
Sinopharm Chemical Reagent, Ltd. The Nafion solution (5.0 wt%) was purchased
from DuPont. The polytetrafluoroethylene (PTFE) solution (60 wt%) was purchased
from J&K. The N2 (99.999 %) and CO> (99.99 %) gases were purchased from Linde
Electronics Specialty Gases. All the materials were used directly without further
purification.

S2 Measurement and Characterization

Scanning electron microscopy (SEM) images were obtained on Hitachi scanning
electron microscopes (SU1510, S4700 and S8010), operated at 15 kV. Transmission
electron microscopy (TEM) images were recorded by using FEI Tecnai G-20 and F-
20 microscopes operated at 200 kV. X-ray diffraction (XRD) patterns were acquired
by using a Bruker D2 Phaser X-ray diffractometer with the Cu Ka source at 30 kV
and 10 mA. Raman spectra were measured by a Re Renishaw UV-1000 Photon
Design spectrometer with a 532 nm excitation beam focused through a
50>microscope objective for a total interrogation spot size of ~ 1 mm. Transformed
infrared (FTIR) spectra were performed on a Bruker TENSOR Il Fourier transform
infrared spectrometer by scanning from 4000 to 400 cm™. The measurement was
conducted by mixing a certain sample and KBr and pressed into a disk. Before sample
preparation, all samples were dried at 60 °C under vacuum overnight. X-ray
photoelectron spectra (XPS) were recorded on a Thermo Fisher ESCALAB 250Xi
spectrometer calibrated with the C 1s at 284.6 eV. The porosity was determined by
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nitrogen adsorption-desorption isotherms on a Micrometritics ASAP 2020 analyzer at
-196 °C. Before measurement, the samples were degassed at 180 °C for at least 8.0 h
to remove the moisture and impurity gases. The BET (Brunauere-Emmette-Teller)
method was used to calculated the specific surface area (Sget). The total pore volume
(Vt) was obtained from the amount of nitrogen adsorbed under a relative pressure
(P/Pg) of 0.99. The pore size distribution (PSD) curves were calculated by using the
Quench Solid State Density Functional Theory (QSDFT) method. The micropore
surface area (Smic) and micropore volume (Vmic) were estimated by using the t-plot
method. Elemental analyses (EA) were measured on a varioEL analyzer using the
CHN model.

S3 Supplementary Figures and Tables
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Fig. S1 Variations of the pH values for the pure PBC and PBC/His mixed solutions at
different PBC concentrations

Fig. S2 SEM images (a, b) and the elemental maps (c¢) of the dried PBC/His mixture
with a molar ratio of 2.0
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Fig. S3 Wide-angle XRD patterns of pure His, pure PBC and the dried PBC/His
mixture with a molar ratio of 2.0. The diffraction peaks of the dried PBC/His mixture
are totally different from those of pure PBC. In addition, compared with pure His, the
most intensive diffraction peaks of the dried PBC/His mixture shift to lower angles
and the peak intensity ratios are quite different. These results indicate the occurrence
of acid-base reaction between His and PBC, probably forming a potassium salt of His.

Fig. S4 SEM images (a, b, d, €) and the elemental maps (¢, f) of the composites
obtained with a PBC/His molar ratio of 2.0 at 600 (a-¢) and 900 °C (d-f)
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Fig. S5 FTIR spectra of the composites obtained with a PBC/His molar ratio of 2.0 at
400 (a), 600 (b), 700 (c), 800 (d), and 900 °C (e)
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Fig. S6 N> sorption isotherms of the composites obtained with a PBC/His molar ratio
of 2.0 at 600 (a) and 900 °C (b), and the final HPNCF-2.0-900 sample (¢), and the
control sample (d) obtained by carbonizing pure His without the addition of PBC at

900 °C
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Fig. S7 Wide-angle XRD patterns (A) and Raman spectra (B) of the HPNCFs
obtained at various PBC/His molar ratios at a fixed temperature of 900 °C
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Fig. S8 N> sorption isotherms (A) and the PSD curves (B) of HPNCF-2.0-700 (a),
HPNCF-2.0-800 (b), and HPNCF-2.0-900 (¢). (C, D) are the corresponding pore-size-
dependent surface area and pore volume variations with the increase of temperature at
a fixed PBC/His molar ratio of 2.0
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Fig. S9 Magnified CV curve of the electrode made of the sample HPNCF-2-900 at
scan rate of 5 mV s’!
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Fig. S10 The measured and calculated Nyquist plots, and the corresponding
equivalent circuits of HPNCF-2.0-900 (a), HPNCF-2.0-800 (b), and HPNCF-2.0-700

(c)
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Fig. S11 CV curves of HPNCF-2.0-700 (a) and HPNCF-2.0-800 (b) at various scan

rates
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Fig. S12 The CO; adsorption/desorption cyclic performance for the sample HPNCF-
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1.0-700: weight change as a function of time (a) and the corresponding CO>

adsorption capacity as a function of cycle number (b). The analysis was conducted in

TG. The sample was first activated at 120 <€ for 3 h under N, followed by adsorption
in CO2 atmosphere at 25 € for 80 min and desorption at 120 €€ in N2 atmosphere for
30 min. The gas flow was 50 mL/min).

Table S1 A comparative summary of the physicochemical properties and performances in

supercapacitors and CO; capture for a range of typical reported 3D hierarchically porous carbon

materials in literature

Material Soet Vi Vi N ! < Electrolyte Qeoz?

(m’gh  (em’g!) (em’g!) (Wt%) (Ag) (Fg') (mmol/g)
2D-HPC 2406 / / 942 0.5 280 6M KOH / [S1]
PGBC-1 1732 0.97 0.80 / 0.5 222 6M KOH / [S2]

PFNC 1648 0.89 / 3.902 1.0 260 2M KOH / [S3]
HLPC 2725 1.28 / / 0.2 342 6M KOH / [S4]
HTC-JG-900 2838 1.23 / 0.69 1.0 220 6M KOH 5.35 [S5]
HPGCo.6-700 1320 1.15 0.4 / 1.0 274 6M KOH / [Se6]
hNCNC800 1794 / / 7.90 2 1.0 313 6M KOH / [S7]
NCA-1000 2356 1.12 0.35 1.24 0.5 222 IM H2S04 3.60 [S8]
H-NMC-2.5 537 0.47 0.17 13.10 0.2 227 6M KOH 2.8¢ [S9]
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N-IOC-0.27-900
HP-CF
KPAC-800
KCU-C 4-1-4
K900
K800
CIRMOF-3-950
3D HPG
THPC
GHC-17
HN-DP-FSFC-2
PCC-2
NPCo.5-700
HPC-0.5
NPC-700
HPNCF-2.5-900
HPNCF-2.0-700

1365
1175
2988
2096
2064
2435
553
1810
2870
2818
2351
1732
425
2544
2846
2793
3209

1.01
0.57
1.76
3.0
1.41
1.1
0.34
1.22
2.19
1.32
1.46
/

/
2.02
/
1.99
1.66

0.30
/
0.71
/
0.28
0.62
0.21
0.38
/
1.02
1.12
/

/
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/
0.43
0.67

4.67
1202

~ ~ ~ ~

33

7.7

~ ~ ~ ~

/
2.83%
5.90
14.52

0.5

2 mVs'!
1.0

2 mVs'!

2 mVs'!

2 mVs'!

5mVs'!
0.5
0.5
1.0
1.0
0.5
1.0
1.0
1.0
0.5

222
222
306
221
118
291
239
305
318
462
545
339
180
261
324
240

6M KOH
3M KOH
6M KOH
IM HaSO4
6M KOH
6M KOH
IM HaSO4
6M KOH
6M KOH
6M KOH
3M H2SO4
3M KOH
6M KOH
6M KOH
6M KOH
6M KOH
/
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a: The N content percentage is in atomic ratio, ®: the CO; adsorption capacity at 273 K and 1 bar, ©:

the capacity at 298 K and 1 bar.
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