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Table S1. Chemical compositions of BN and BCN samples

Sample Elemental analysisa (wt. %) ICPb (wt. %)

C N O H B

BCN(1:4) 10.3 34.5 21.8 2.10 20.5

BN(1:4) 1.00 26.6 16.0 1.47 32.3

BCN(1:2) 12.1 42.0 14.9 1.66 20.1

BN(1:2) 0.72 44.7 6.48 0.90 35.0

BCN(2:1) 11.0 40.1 12.9 1.39 24.8

BN(2:1) 0.56 41.9 7.03 0.99 35.0

a) the elemental analysis is suitable for light elements like carbon, hydrogen, nitrogen, oxygen, and 

sulfur which can be vaporized by heating the sample drastically to 1350 oC and are detected by TCD 

(for N element) or IR (for C, H, O) detector. For boron it is not possible to measure its content using 

elemental analysis since it cannot be vaporized at the given condition; b) ICP is suitable for primary 

metallic elements, and boron is one of the non-metal element that can be detected by ICP analysis.
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Figure S1 HIM images of BN and BCN samples: (a) BCN (2:1), (b) BCN (1:4), (c) BN 

(2:1), and (d) BN (1:4).
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Figure S2 HRTEM images of BN and BCN samples: (a) BCN (2:1), (b) BN (2:1), (c) 

BCN (1:4), and (d) BN (1:4).
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Figure S3 XRD patterns of the BN and BCN samples.
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Figure S4 TG plots of the BN and BCN samples. The samples were heated in air from 

room temperature to 1100 oC with a heating rate of 10 oC/min.
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Figure S5 TG plot of activated carbon material (Ketjen Black EC-600JD). The sample 

was heated in air from room temperature to 1100 oC with a heating rate of 10 oC/min.
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Figure S6 TG plots of the BN(1:2) and BCN(1:2) samples. The samples were heated 

in Ar from room temperature to 1100 oC with a heating rate of 10 oC/min.
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Figure S7 FTIR spectra of BN and BCN samples.
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Figure S8 XPS survey (a), C 1s (b), B 1s (c), and N 1s (d) spectra of BN (2:1) and BCN 

(2:1) samples.
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Figure S9 XPS survey (a), C 1s (b), B 1s (c), and N 1s (d) spectra of BN (1:4) and BCN 

(1:4) samples.
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Figure S10 XPS survey spectra of BN (1:2) and BCN (1:2) samples.
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Figure S11 11B solid state MAS NMR spectra of commercial h-BN material (a), 

commercial B2O3 powder (b), and commercial B4C powder (c). * denotes spinning side 

band.



14

Figure S12 Nitrogen adsorption-desorption isotherms of BN and BCN samples at 77 

K: BN (1:2) and BCN (1:2) samples (a), BN (4:1) and BCN (4:1) samples (c); the 

corresponding pore size distribution curves of the BN and BCN samples: BN (1:2) and 

BCN (1:2) samples (b), BN (4:1) and BCN (4:1) samples (d).
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Calculation of heats of adsorption

Isosteric heat of adsorption (Qst) for all the porous BN and porous BCN samples were calculated 

using the CO2 sorption isotherms measured at 273 and 298 K based on the Clausius-Clapeyron 

equation using the ASiQwin software installed in Quantachrome Autosorb-iQ2 instruments. 

Clausius-Clapeyron equation is in the form:

st2
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where Qst is the isosteric heats of adsorption, Ti represents a temperature at which an isotherm i is 

measured, pi represents a pressure at which a specific equilibrium adsorption amount is reached at 

Ti, R is the universal gas constant (8.314 J K-1 mol-1).
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High-pressure CO2 uptake of BN and BCN samples

Figure S13 High-pressure CO2 uptake of BN(1:2) and BCN(1:2) samples at 298 K.
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IAST Selectivity Analysis

Ideal Adsorption Solution Theory (IAST)

We used the IAST of Myers and Prausnitz [1] along with the single-component adsorption isotherm 

fits to determine the molar loadings in the mixture for specified partial pressures in bulk phases.  

The excess adsorption data for pure CO2, N2 measured at 298 K, were first converted to absolute 

loadings using the Peng-Robinson equation of state for estimation of the fluid densities. The 

absolute component loadings at 298 K were fitted using the single-site Langmuir-Freundlich model. 

The fitted constants are listed in Table S2.

The single-site Langmuir-Freundlich model can be expressed as follows:

1

1

1
1
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Where A1 is saturation capacity and b1, c1 are constant.

IAST predicts the mixture adsorption equilibriums using single-component adsorption isotherms is 

defined by
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where q1 and q2 are the CO2 and N2 uptake capacities (mmol g-1), respectively; p1 and p2 are the 

specified partial pressure of CO2 and N2, respectively.

Table S2. Parameters of single-site Langmuir-Freundlich model by fitting absolute adsorption of 

pure CO2 and N2 at 298 K.

A1 b1

Adsorbent Adsorbate
(mmol g-1) (kPa-1)

c1 R2

CO2 9.1164 0.02793 0.70004 0.9999
BN(1:2)

N2 2.3666 0.00118 1.03232 0.9999
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A1 b1

Adsorbent Adsorbate
(mmol g-1) (kPa-1)

c1 R2

CO2 12.022 0.00223 0.85984 0.9999
BCN(1:2)

N2 30.791 1.5638E-6 1.16939 0.9989

Figure S14. Single-site Langmuir-Freundlich fit of the (a) CO2 adsorption data and (b) 

N2 adsorption data on BCN (1:2) at 298 K. The corresponding fitted parameters were 

used for calculation of the IAST data.

Figure S15. Single-site Langmuir-Freundlich fit of the (a) CO2 adsorption data and (b) 

N2 adsorption data on BN (1:2) at 298 K. The corresponding fitted parameters were 

used for calculation of the IAST data.
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Table S3. Summary of textual properties and CO2 capture performances of BN (1:2) 

and BCN (1:2) samples in comparison to results reported in literatures from porous 

materials.

Samlpe
SBET

a 

(m2/g)

CO2 uptakeb

(mmol/g)

IAST

CO2/N2

Reference

BCN(1:2) 874 3.85 74 This work

BN(1:2) 1132 1.27 18 This work

mJUC-160-900 940 3.50 29 [2]

ZIF-69 950 2.23 20 [3]

ZIF-8 1025 - 23 [4]

Mg-MOF-74 1800 8.27 44 [5]

Ni-MOF-74 936 7.14 30 [6, 7]

SNU-100-Co 1000 3.80 27 [8]

PCN-88 3308 4.2 18 [9]

Zeolite 13X 488 4.2 100 [10]

Zeolite 4A - - 19 [11]

NaX zeolite - - 152 [12]

h-BN nanosheet 235 0.45 26.3 [13]

BN pellet 1900 1.1 - [14]

BN-200 1016 0.6 - [15]

Porous carbon AC-2–635 381 3.86 21 [16]

Porous carbon ATS-2-700 1330 3.3 15 [17]

a) Brunauer–Emmett–Teller (BET) specific surface area; b) CO2 uptake at 298 K, 1bar.
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