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1 EXPERIMENTAL SECTION
1.1 Materials

Sodium tetrakis(1-imidazolyl)borate (NaBIm4), chloroacetonitrile, lithium
bis(trifluoromethanesulfonyl)imide  (LiTFSI), lithium bis (pentafluoroethylsulfonyl)imide
(LiBETI), and anhydrous N,N-dimethylformamide (DMF) were purchased from Aladdin and
Sinopharm Chemical and used without further purification. Methylene blue (MB) was purchased
from Alfa-Aesar. The MB solution (50 uM) for adsorption test was prepared using de-ionized water.
Ionic liquid 1,3-bis(cyanomethyl)imidazolium bis(trifluoromethanesulfonyl)imide
([BCNIm][TFSI]) and the derived porous carbon was synthesized according to the previous
report.!

1.2 Synthesis of tetrakis(1-imidazolyl)borate-based ionic liquid

Tetrakis(1-imidazolyl) borate-based cationic liquids were synthesized by one-step quaternization of
sodium tetrakis(1-imidazolyl)borate (NaBlm,) with chloroacetonitrile, and successive anion
exchange procedure. Typically, NaBIm, (1.80 g, 6 mmol) was dissolved in 50 mL of anhydrous
DMEF in a 200 ml Schlenk flask. After three vacuum/N, purge cycles, chloroacetonitrile (4.53 g, 60
mmol) was added and the mixture was heated to 100 °C for 72 h. The result solid product was
isolated by centrifugation and washed with acetone. The product, denoted as NaBIm,CH,CNClI,
was dried in vacuo at 40 °C more than 12 h. Successively, Na[(BIm4-CH,CN),Cl4] (1.21 g, 2 mmol)
was dissolved in water, followed by addition of Li(TFSI)4 (2.30 g, 8 mmol) aqueous solution under
vigorous stirring. A gray precipitate was immediately formed, and the mixture was further stirred
overnight at room temperature. The suspension was isolated by centrifugation, washed with water.
the solid product, denoted as Na[(BIm4-CH,CN),(TFSI)4], was dried in vacuo for more than 12 h.

Similar to the preparation of Na[(BIm4-CH,CN)4(TFSI)4], Li(BETI)4 (3.10 g, 8 mmol) was used
to afford Na[(BIm4-CH,CN)4(BETT)4].

1.3 Preparation of carbon materials

Carbon materials were prepared by placing Na[(BIms-CH,CN)4(TFSI)4] or Na[(BImy-
CH,CN)4(BETI),] directly in an alumina crucible and carbonized in a tube furnace. The sample was
heated at 10 °C/min under nitrogen flow to 600 °C and maintained at the final temperature for 1 h.
After cooling down, the obtained black materials were ground into a powder for further experiments
and analysis. The carbon yields are 29% and 33% for BNOFS-C-1 (carbon from Na[(BImy-
CH,CN)4(TFSI)4]) and BNOFS-C-2 (carbon from Na[(BIm4-CH,CN)4(BETI)4]), respectively.
Elemental analysis (wt%): BNOFS-C-1: C, 45.96; H, 2.38; N, 29.49; F, 1.18. BNOFS-C-2: C, 47.58;
H, 2.62; N, 26.14; F, 2.28.



1.4 Methylene blue adsorption experiment

All the adsorption experiments were conducted at room temperature. Typically, 10 mg of adsorbents
(BNOFS-C-1 and BNOFS-C-2) was dispersed into 10 mL of MB solutions with a concentration of
0.05 mM. At appropriate time interval, the aliquots were taken from the mixture, and the adsorbents
were separated by syringe filter (0.45 pm pore size, Nylon, Whatman). The dye concentration in the
solutions was detected by UV absorbance at 664 nm. The percentage removal of MB was calculated
by using the following equation,

Removal percentage (%) = (Cy — C)/Cy x 100 = (A — A)/Ag *x 100

Where Cyand A are initial concentration and absorbance of the MB solution, respectively. C;and
A are concentration and absorbance of the MB solution at specific times, respectively.

Adsorption of MnOy4 (0.5 mM) ion and 4-nitropheno (4-NP, 0.05 mM) were conducted with the
same procedure as that for MB.

1.5 Calculation of adsorption capacity

3 mg of BNOFS-C-1 was added into 10 mL of 0.1 mM MB solutions for 24 h at stirring condition.
After centrifuge, the supernatant solution was subjected to UV-Vis measurements. The maximum
adsorption capacity was calculated using the following equation,

C=(Co—C)x VX Mgye/m

Where C is the capacity of adsorbent, Cy and C; are the concentration of dyes at initial and final
time, respectively. V is the volume of solution, Mgy, is molecular weight of dye and m is the mass
of porous carbon.
The adsorption capacity study of BNOFS-C-2 for MB was similar to that of BNOFS-C-1 for MB
except the concentration and volume of MB solution are about 0.08 mM and 25 mL, respectively.
The adsorption capacity study of BNOFS-C-1 for MnO,4 ion was similar to that of BNOFS-C-1
for MB except the concentration and volume of MnO, solution are about 1 mM and 15 mL,

respectively.



1.6 Characterization

FTIR spectra of the samples were collected on a Nicolet Is50 FTIR spectrometer in the 500-4000
cm! range. Liquid 'H, "B, and '""F NMR spectra was recorded on Bruck 400 MHz NMR
spectrometer. For TGA analysis, samples were heated at 10°C mim™! in open aluminum pans with
a Discovery TGA (TA Instruments, Waters, LLC, USA). X-ray photoelectron spectroscopy (XPS)
were performed with a PHI 3056 spectrometer using an Al radiation (350 W). Elemental analyses
were performed by Atlantic Microlab Inc., Norcross, GA. Raman scattering spectra were taken on
a Renishaw inVia, U.K. Powder X-ray diffraction (XRD) data were recorded with a PANalytical
Empyrean diffractometer, operated at 45 kV and 40 mA (Scanning step: 0.04° per step). Field
emission scanning electron microscopy (SEM) observations were performed on a Hitachi S-4800
microscope operated at an accelerating voltage of 15.0 kV. High resolution transmission electron
microscopy (HRTEM) were conducted on an aberration-corrected FEI Titan S 80-300. TEM was
operated at 300 kV and a large active area (60 mm?). The adsorption/desorption isotherms were
recorded on a Gemini 2360 surface area analyzer. The samples were outgassed at 150°C for 16 h
before the measurements. The temperatures were maintained at 77 K in liquid nitrogen bath and 87
K in liquid argon bath. Surface areas were calculated from the adsorption data using Brunauer-
Emmett-Teller (BET) methods. The pore size distribution curves were obtained from the adsorption
branches using non-local density functional theory (NLDFT) method. The gas (CO, and N,)
adsorption isotherms were measured using Autosorb-1-C Quantachrome analyzer at both 273 and
298 K. To investigate the recyclability of the porous carbon materials in CO, capture, the used
porous carbon was regenerated by evacuating at 160 °C overnight and then reused in CO, adsorption
test. UV-vis spectra were recorded with an ultraviolet-visible spectrophotometer (Evolution 300,
Scientific).

1.7 CO,/N, selectivity calculation by the ideal adsorption solution theory (IAST)

The experimental adsorption isotherms were firstly fitted using the single-site Langmuir model:

q = qasalbap*® /(1+bpp"™)] + gp sul bup"®/(1+bgp"®)]

where P (kPa) is the pressure of the bulk gas at equilibrium with the adsorbed phase; g (mol kg™")
is the adsorbed amount at equilibrium; ¢ s, and gp s, (mol kg™!) are the saturation capacities of sites
A and B; bs and by (kPa™) are the affinity coefficients of sites A and B; and v, and vy are the
Freundlich coefficients.

The adsorption selectivity for CO,/N, separation was estimated using ideal adsorbed solution theory
(IAST):

Sads = (x;/x))/(vi/y))

Where x;and x; are the adsorption capacity of components 7 and j, and y; and y; are the gaseous molar
fractions of i and ;.



Supplementary table and Fig. S

Table S1 Porosity parameters of the porous materials.

materials SBETa Smicrob \/totalc Vmicod
BNOFS-C-1 593 321 0.29 0.13
BNOFS-C-2 1021 612 0.50 0.25

2 Surface area (m? g'!) calculated from the nitrogen adsorption branch according to the BET model.
b Microporous surface area (m? g'!') calculated using the t-plot method. © The total pore volume (cm?
g calculated from single point nitrogen uptake at P/Py = 0.95. 4 Microporous volume (cm? g'!)
calculated using the t-plot method.

Table S2 Comparison of the maximum adsorption capacity of BNOFS-C-1 and BNOFS-C-2 for
CO,, MB, and MnOQy" (this work), and other porous carbons documented in the literatures.

Adsorbate  Adsorbent kind of SgET Max adsorption Reference
heteroatoms (m2gh) capacity®

CO, BNOFS-C-1 N,O,F,B 594 3.21 This work
BNOFS-C-2 N,O,F,B 1021 3.96 This work
[BCNIm][TFSI] N,O,F 673 2.99 !
NMC-7 N 481 1.64 2
EBT-T N,O,F 883 2.13 3
Th850 S 2682 2.4 4
Py800 N 4334 3.5 4

MB BNOFS-C-1 N,O,F,B 594 46 This work
BNOFS-C-2 N,O,F,B 1021 123 This work
[BCNIm][TFSI] N,O,F 673 49 !
CTF-A N 791 110 5
AHCP-1 0,B 939 130 6
Fe-impregnated AC Fe 570 21 7

MnOy BNOFS-C-1 N,O,F,B 594 289 This work
NH,/MCM-41/NTAA N 627 165 8
Compound-1 N / 297 9
Surfactant modified / 14 111 10

smectite clay

2 The CO, uptake capacity is measured at 273 K/1bar and the unit is mmol g'!; for MB and MnOy- adsorption, the

units is mg gl
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Fig. S20 UV-Vis spectra of dye solution before and after addition of porous carbons (time duration:
24 hrs); The initial concentrations and volume of the MB is 0.1 mM and 10 mL for (a), 0.08 mM
and 25 mL for (b). The initial concentrations and volume of the MnO,4 is 1 mM and 15 mL (c). For
all the test, the mass of the porous carbon is 3 mg. Capacity of porous carbons for dye has been

calculated from these data.
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