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General characterization

Thermogravimetric analysis (TG) was performed through a synchronous thermal
analyzer (NETZSCH STA). The testing conditions involved a high-purity N, atmosphere
and the temperature was ramped at a rate of 10 °C min! up to 800 °C. The Fourier
Transform Infrared Spectrometer (FTIR) measurements were performed on an
AVATAR-360 infrared spectrometer using the KBr pellet technique and the
measurement was conducted over a wavenumber range of 4000 to 650 cm™. XRD
patterns of the materials were gained in the 28 range from 5 ° to 80 ° on a D8 Advance
diffractometer with Cu-Ka radiation at 40 kV and 40 mA. Raman Spectra were
performed on HR800 UV Raman (France) with an excitation light source wavelength
of 514 nm. The FEI Nova SEM 450 cold Field Emission Scanning Electron Microscope
(FE-SEM) was used to observe the morphologies of the materials. Transmission
Electron Microscope (TEM) and Energy Dispersive X-Ray Mapping (EDX-Mapping)
were executed on a FEI TecnaiG2 F20 electron microscope 300 kV. Elemental analysis
(EA) of the materials was performed on the Elementar Vario EL instrument (Germany).
X-Ray photoelectron spectroscopy (XPS) analysis was performed with an Al Ka at 10
kV and 30 mA. The N, adsorption isotherm was measured at 77 K using an BELSORP
MAXII instrument. Ahead of analysis, the samples were degassed at 150 °C for 4 h
under vacuum. The specific surface area was computed at relative pressure ranging
from 0.04 to 0.25 through Brunauer-Emmet-Teller (BET) equation. The total volume
was calculated from the amount adsorbed at a relative pressure of 0.99. The pore size
distribution was evaluated by Non-local Density Functional Theory (NLDFT) model.
Liquid Phase Adsorption Experimental Section
Model Fuel Configuration

The model fuel was used with isooctane as the solvent, and 4A molecular sieves
after high-temperature calcination were used for dehydration of isooctane. According
to Equation (S1), adsorbates and isooctane were mixed in a certain ratio and
ultrasonication was used to obtain homogeneous solution. The initial concentrations

of model fuel were 150, 350, 550, 750, 1000, 1250 and 1500 ppmw, respectively. For
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competitive adsorption tests, the model fuel mixture consisted of toluene and

isooctane in a volume ratio of 15: 85.

Ma 6
m( /Mm) x 10

C =
pV +m (Equation S1)

Where C is the initial concentration of model fuel (ppmw); V is the volume of model
fuel (mL); m is the mass of adsorbate (g); p is the density of model fuel (g mL?); M, is
the relative atomic mass of the adsorbate; M,, is the relative molecular mass of the
adsorbate.

Liquid Phase Adsorption Analysis

The adsorbate and isooctane were mixed homogenously under dry and room
temperature conditions. The static adsorption isotherm was estimated by using the
Batch method and tested by external standard method on a gas chromatography
(7890A, Agilent) with a CP-Wax 52 CB capillary column (30 m X 0.32 mm x 0.5 um),
injector temperature 280 °C and detector temperature 300 °C.

Regeneration of the adsorbent is an important performance indicator. After each
test, the supernatant was poured out and the adsorbent was washed with a mixture
of ethanol/water, dried, and then activated again for reuse.

Liquid Phase Adsorption Calculation

The calculation of liquid phase adsorption was calculated by Equation (S2):

~ pV(C,-C,)

° 1000Mm (Equation S2)
Where Q. is the adsorption capacity of adsorbent (mmol g?); C, is the initial
concentration of the model fuel (ppmw); C. is the equilibrium concentration of the
model fuel (ppmw); p is the density of model fuel (g mL?); V is the volume of model
fuel (mL); m is the mass of adsorbate (g); M is the relative atomic mass of sulfur or
nitrogen (g mol?)

The liquid phase adsorption isotherm fitting was performed by Freundlich

Equation (S3):
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1
Qaas = KrCe (Equation S3)
Where Q.4 is the adsorption capacity at equilibrium (mmol g1); C, is the concentration
of model fuel at equilibrium adsorption; Kr is Freundlich constant; n is empirical
constant.
The adsorption heat of the adsorbent was calculated by using the Clausius-

Clapeyron Equation (S4):

dinC,
AH, = - RTZ( )

oT (Equation S4)

Where AH,, is adsorption heat (kJ mol?); C. is the concentration of model fuel at
equilibrium adsorption; R is ideal gas constant, (8.314 J mol® K1); T is the adsorption

temperature (K).

Density Functional Theory (DFT) Calculation

The structural optimizations and binding energy calculations were carried out
using the CP2K software package (version 2023.1). The initial structures of different
NPC-Ts with various adsorbates, including 4,6-DMDBT, thiophene, indole, and
quinoline, are illustrated in Fig. S7. Graphene supercell models doped with different
forms of N are constructed to represent the surfaces of the respective NPC-Ts. A 20 A
vacuum layer was normally added to the surface to eliminate the artificial interactions
between periodic images. The optimized structures of the NPC-Ts-adsorbate

complexes are depicted in Fig. 7 (in section 3.4 Adsorption Mechanism).
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Fig. S1. (a) TG and DTG curves of precursor polymer (under N,). (b) N, adsorption-

desorption isotherms of precursor polymer at 77 K.
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Table S1. Comparisons of 4,6-DMDBT adsorption capacity on various adsorbents.

SgeT 4,6-DMDBT Capacity Co
Adsorbents Ref.
(m?g) (mmol g) (ppmw)

BN-C-0.5 858 11 500 !
BCN-Cu-0.06 1367 1.26 500 2
MIL-101(Cr) 2322 0.22 550 3

Activated Carbon 1843 0.34 343.4 4
Cou@M-2-UV 2190 0.53 550 5
Modified Silica 480 0.12 2200 6

BN-C; 807 1.15 400 7

UMCM-150 3100 1.28 600 8

UMCM-152 3480 2.56 600 S
NPC-700 2011 2.68 1000 This work
NPC-700 2011 2.04 550 This work
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Table S2. Comparisons of indole and quinoline adsorption capacity on various

adsorbents
Indole Quinoline
Sger Co
Adsorbents Capacity Capacity Ref.
(m2g?) (ppmw)
(mmol g?) (mmol g?)
Al-NDC@GO-4 348 4.16 2.87 2500 10
Ce0.2Y 706 151 1.81 1845.1 1
ED-MIL-100(Cr) 1395 0.34 0.58 1000 12
CuCl/MIL-100(Cr) 1310 1.46 3.54 1000 13
UiO-66-NH3* 742 1.97 1.69 1000 14
(Cr)MIL-101-SO;Ag 1253 3.05 3.10 1000 15
UiO-66-NH-SOsH 794 1.71 1.16 1000 16
Cu,0/MDC-K 2023 2.74 2.64 1000 7
P-MIL-125-NH,(100) 1413 4.97 4.22 1000 18
P-pANI-5 2495 4.70 3.88 1000 B
OC-ED-A-M101 1356 6.09 4.55 500 20
NPC-700 2011 8.33 3.00 1000 This work
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Fig. S2. (a) Thiophene adsorption isotherms and (b) Quinoline adsorption isotherms of

NPC-Ts.
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Table S3. Comparisons of thiophene adsorption capacity on various adsorbents.

SgeT Thiophene Capacity
Adsorbents Co (ppmw) Ref.
(m?g?) (mmol g*)
BL-ZSM-5 307 0.01 100 21
B3 253 0.06 120 2
CeAISBA-15(NH4+) 308 0.10 50 23
SBA-15 850 0.15 200 24
20Ni-MiL-101 1570 0.30 700 %
NaX 717 0.35 250 26
Cu(l)Y@P (3.1%) 728 0.53 550 27
Ag/TiO,-Al,03 209 0.61 3500 28
HKUST-1/Fe30, 1356 0.62 650 2
Cu(l)/SBA-15(40) 754 0.90 1000 30
Ag,0/Si0,-Ti0,-50 761 0.36 2000 31
Cu(l)Y-5.30 488 0.43 1000 32
PAN-CNFs-700 170 1.94 800 33
NPC-700 2011 0.36 1000 This work
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Fig. S3. (a, b) Thiophene and quinoline adsorption isotherms of NPC-700 at 298 K and 328 K. (c, d)

Thiophene and quinoline isosteric heat of NPC-700 at different adsorption amount.

S10



Table S4. Fitting parameters of Freundlich model on the NPC-700 at 298 K and 328 K.

Adsorbate Thiophene Quinoline
T (K) k n R? k n R?
298 0.03557 3.00451 0.99021 0.23422 2.7151 0.99454

328 0.00671 2.02328 0.98781 0.07254 2.1435 0.99406
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Fig. S4. Effect of the contact time on different adsorption for NPC-700: (a) 4,6-DMDBT, (b) indole,

(c) thiophene, and (d) quinoline.
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Fig. S5. Completive adsorption on the NPC-Ts for (a) thiophene and (b) quinoline.

S13



o
)

-1

g
o
'

o
w

o
[\

e
=y

Amount adsorbed (mmol

o
(<]

Thiophene

1

2 3 4 5 6 7 8 9 10

Cycle number

- N w

Amount adsorbed (mmol g'1)

o

Quinoline

1

2 3 45 6 7 8 9 10
Cycle number
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Fig. S7 (a) Initial configurations of NPC-Ts-adsorbate complexes. (b) The configurations of carbon

materials. (c) The configurations of different adsorbates.
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Fig. S8. Theoretical calculation of adsorbate molecular size.
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Table S5. Molecular size of different adsorbates

X (A) Y (A) Z(A)
4,6-DMDBT 11.573 8.212 4.325
Thiophene 6.637 6.988 4.151
Indole 9.035 7.505 3.903
Quinoline 9.238 7.45 3.823
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