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Table S1. Surface area, pore volume and N content of BIDCs synthesized at three different 

temperatures and KOH/BI=2.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Sample S BET 
[m

2 
g
–1

] 
V Total 

[cm
3 
g
–1

] 

N Content 
[wt%] 

BIDC-2-600 895 0.38 14.0 

BIDC-2-700 2465 1.34 5.7 

BIDC-2-800 3335 1.75 1.5 
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Figure S1. Additional SEM images of BIDCs with different magnifications; a1-a3) BIDC-

0.5-700, b1-b3) BIDC-1-700, c1-c3) BIDC-2-700, d1-d3) BIDC-3-700, and f1-f3) BI. 
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Figure S2. Additional TEM images of BIDCs with different magnifications; a) BIDC-0.5-

700, b) BIDC-1-700, c) BIDC-2-700, and d) BIDC-3-700. 
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Figure S3. XRD patterns of BIDCs and BI precursor. 
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Figure S4. Raman spectra for BIDCs. 
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Figure S5. a) X-ray photoelectron spectroscopy (XPS) survey spectra of BIDCs. b) 

Schematic illustration of various nitrogen and oxygen functionalities on a typical porous 

carbon. 
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Figure S6. High resolution deconvoluted O 1s spectra for BIDCs. a) BIDC-0.5-700 b) BIDC-

1-700 c) BIDC-2-700 and d) BIDC-3-700. 
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Figure S7. High resolution deconvoluted N 1s spectra for BIDCs. a) BIDC-0.5-700, b) 

BIDC-1-700, c) BIDC-2-700, and d) BIDC-3-700. 
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Figure S8. BET plots for BIDCs from the Ar adsorption isotherms at 87 K. a) BIDC-0.5-700 

b) BIDC-1-700, c) BIDC-2-700, and d) BIDC-3-700. (W = Weight of gas adsorbed at P/P0, r 

= Correlation coefficient, c = C constant).  
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Figure S9. Experimental argon adsorption isotherms (filled black) measured at 87 K and 

calculated QSDFT isotherms (empty red) for BIDCs. 
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Figure S10. CO2 isotherms at: a) 348 and b) 373 K for BIDCs. 

 

 

 

 

 

 

 

 

Table S2. CO2 uptake values at 348 and 373 K for BIDCs. 

 

 

 

 

 

 

 

 

 

 

 

 

 CO2 capture capacity ( mmol g
−1

) 

Carbon  at 0.10 (0.15) bar at 1 bar 

348 K 373 K 348 K 373 K 

BIDC-0.5-700 0.38 (0.53) 0.17 (0.25) 1.77 0.90 

BIDC-1-700 0.29 (0.41) 0.13 (0.19) 1.73 0.86 

BIDC-2-700 0.13 (0.19) 0.04 (0.05) 0.97 0.20 

BIDC-3-700 0.08 (0.12)  0.01 (0.02) 0.69 0.03 
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Table S3. CO2 capture capacity and selectivity values for recently reported porous carbons. 

 

 
 CO2 uptake at 298 K 

( mmol g
−1

) 
Qst N Selectivity at 298 K  

Adsorbent 1 bar 0.15 bar 0.10 bar  wt% CO2/N2 CO2/CH4 

NMC-600 3.90 1.67 - 38 6.3 50
a
 - ref 

[1]
 

SU-MAC-500 4.50 - 1.42 46 5.8 39
a
-124

b
 - ref 

[2]
 

a-NDC-6 4.30 - 1.30* - 4.8 (at%) 34.23
a
 - ref 

[3]
 

IBN9-NC1-A 4.50 1.75 
(0.2 bar) 

- 36.1 12.9 27 
b
 - ref 

[4]
 

om-ph-MR 1.77 - - 32.2 18.2 (at%) 76
a
-100

b
 - ref 

[5]
 

NC700 3.10 1.20* 0.90* 69 20.9 59
a 
(273 K) 11

a 
(273 K) ref 

[6]
 

CKHP800-2 4.50 1.60 - 29.0 0 43
a
-50

b
 - ref

[7]
 

MR-1.5-500 3.77 1.29 - 38.5 8.24 43.7
a
-52.9

b
 - ref

[8]
 

500-2 3.50 - - 32 11.46 41.6
b
 - ref

[9]
 

C-600 3.60 1.0 - 43 6.9 33
a
 - ref

[10]
 

ALPDCK500 3.80 1.50 1.20 37.2 12.1 62
a
 11

a
 ref 

[11]
 

CPC-500 5.80 2.10 - 35.3 7.88 65
a
 13

a
 ref 

[12]
 

a-MCN 2.69 - - 38.8 14.45 134
b
 - ref

[13]
 

BIDC-0.5-700 4.78 2.03 1.60 35.8 17.6 70.4
a
-58.1

b
 13.2

a
-12.4

b
 This 

work 

BIDC-1-700 5.46 1.75 1.32 35.1 13.7 40.9
a
-36.6

b
 8.9

a
-7.4

b
 This 

work 

 

 
*)

 Estimated by extrapolation, 
a)

 by initial slope method,  
b)

 by IAST method 
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Table S4. Cumulative ultramicropore volumes for different pore diameters. 

 

 

 

 
a)

 All data are determined by CO2 adsorption isotherms (at 273 K) and their derived PSD and 

cumulative pore volume curves assuming NLDFT and slit shape model 

 

 

 PV 
,a)

 

Carbon d <0.4 nm 
[cm

3
 g

−1
] 

d <0.5 nm 
[cm

3
 g

−1
] 

d <0.6 nm 
[cm

3
 g

−1
] 

d <0.7 nm 
[cm

3
 g

−1
] 

d <0.8 nm 
[cm

3
 g

−1
] 

d<0.9 nm 
[cm

3
 g

−1
] 

d <1.0 nm 
[cm

3
 g

−1
] 

BIDC-0.5-700 0.097 0.178 0.274 0.298 0.308 0.323 0.337 

BIDC-1-700 0.071 0.163 0.314 0.372 0.415 0.460 0.489 

BIDC-2-700 0.030 0.077 0.195 0.256 0.278 0.342 0.377 

BIDC-3-700 0.012 0.051 0.142 0.190 0.233 0.330 0.408 
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Figure S11. CO2 uptake at 273 K versus volume of ultrafine pores; a-d) at 0.1 bar and e-h) at 

1 bar. 
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Figure S12. CO2 uptake at 298 K versus volume of ultrafine pores; a-d) at 0.1 bar and e-h) at 

1 bar.  
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Figure S13. CO2 uptake at 323 K versus volume of ultrafine pores; a-d) at 0.1 bar and e-h) at 

1 bar. 
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Figure S14. CO2 uptake at 348 K versus volume of ultrafine pores; a-d) at 0.1 bar and e-h) at 

1 bar. 
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Figure S15. CO2 uptake versus nitrogen content at different temperatures; a-d) at 0.1 bar and 

e-h) at 1 bar. 
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Figure S16. CO2 uptake versus total heteroaotms content at different temperatures; a-d) at 

0.1 bar and e-h) at 1 bar. 
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Figure S17. Experimental data and corresponding fittings of gas isotherms for BIDC-0.5-700 

(Dual site Langmuir for CO2, and single site Langmuir for CH4 and N2 with temperature 

dependent parameter). 
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Figure S18. Experimental data and corresponding fittings of gas isotherms for BIDC-1-700 

(Dual site Langmuir for CO2, and single site Langmuir for CH4 and N2 with temperature 

dependent parameter). 

10
1

10
2

10
3

10
4

10
5

0.001

0.01

0.1

1

10

10
2

10
3

10
4

10
5

0.001

0.01

0.1

1

10
2

10
3

10
4

10
5

0.001

0.01

0.1

1

Bulk gas phase pressure (Pa)

L
o
a
d
in

g
 (

m
o
l/
k
g
) 

BIDC-1-700

CO
2

 

 

 273 K

 298 K

 323 K

 DSLTempDep (User) Fit of 273 K

 DSLTempDep (User) Fit of 298 K

 DSLTempDep (User) Fit of 323 K

Bulk gas phase pressure (Pa)

L
o
a
d
in

g
 (

m
o
l/
k
g
)

BIDC-1-700

CH
4

 

 

 273 K

 298 K

 SSLTempDep (User) Fit of 273 K

 SSLTempDep (User) Fit of 298 K

Equation n =((

a*(b*exp(E/(R*T)))*p)/

(1 + (b*exp(E/(R*T)))*p) )

Adj. R-Square 0.9997

Value Standard Error

273 K a 5.82008 0.0525

273 K b 1.2879E-9 6.25079E-11

273 K E 20157.55058 123.82285

273 K R 8.39714 0

273 K T 273 0

298 K a 5.82008 0.0525

298 K b 1.2879E-9 6.25079E-11

298 K E 20157.55058 123.82285

298 K R 8.39714 0

298 K T 298 0

Bulk gas phase pressure (Pa)

L
o
a
d
in

g
 (

m
o
l/
k
g
)

BIDC-1-700

N
2

 

 

 273 K

 298 K

 SSLTempDep (User) Fit of 273 K

 SSLTempDep (User) Fit of 298 K

Equation n =((

a*(b*exp(E/(R*T)))*p)/

(1 + (b*exp(E/(R*T)))*p) )

Adj. R-Square 0.99998

Value Standard Error

273 K a 5.58228 0.05552

273 K b 3.13274E-10 3.79043E-12

273 K E 19892.5718 33.38628

273 K R 8.314 0

273 K T 273 0

298 K a 5.58228 0.05552

298 K b 3.13274E-10 3.79043E-12

298 K E 19892.5718 33.38628

298 K R 8.314 0

298 K T 298 0



  

23 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure S19.  Experimental data and corresponding fittings of gas isotherms for BIDC-2-700 

(Dual site Langmuir for CO2, and single site Langmuir for CH4 and N2 with temperature 

dependent parameter). 
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Figure S20. Experimental data and corresponding fittings of gas isotherms for BIDC-3-700 

(Dual site Langmuir for CO2, and single site Langmuir for CH4 and N2 with temperature 

dependent parameter). 
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Figure S21. Experimental pure component curves at 298 K for: a) BIDC-0.5-700, b) BIDC-

1-700, c) BIDC-2-700 and d) BIDC-3-700. 
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Figure S22. CO2/N2 and CO2/CH4 adsorption selectivity at 298 K for: a) BIDC-0.5-700,        

b) BIDC-1-700, c) BIDC-2-700, and d) BIDC-3-700. 
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Figure S23. Comparison of CO2 surface excess and absolute uptakes for BIDCs.  
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Table S5. Cumulative volumes for large micropores and narrow mesopores. 

 

 

 

a)
 Pore volumes are determined by Ar adsorption isotherms (at 87 K) and their derived PSD 

and cumulative pore volume curves assuming QSDFT and slit shape model. 

 

 

The absolute adsorption values (void space of the pores of adsorbent can hold significant 

amount of compressed gas under high pressures) were estimated from the well-established 
[14]

 

Equation S1 as below: 

 

𝑁𝑎𝑏𝑠 = 𝑁𝑒𝑥𝑐 + 𝜌𝑔𝑎𝑠  𝑉𝑝                                                                                                                       (S1) 
 

Where Nabs is the absolute adsorption, Nexc is the excess adsorption measured experimentally, 

ρgas is the density of the compressed gas at a given temperature and pressure (determined 

using NIST Thermochemical Properties of Fluid Systems)
[15]

 and Vp is the total pore volume 

obtained from the Ar isotherm at 87 K.  

 

 

 CO2 uptake at 30 bar and 298 K   PV 
,a)

 

Carbons Excess 
[mmol g

−1
] 

Absolute 
[mmol g

−1
] 

d<1.5 nm 
[cm

3
 g

−1
] 

d<2.0 nm 
[cm

3
 g

−1
] 

d<2.2 nm 
[cm

3
 g

−1
] 

d<2.4 nm 
[cm

3
 g

−1
] 

BIDC-0.5-700 7.3 7.7 0.305 0.308 0.309 0.310 

BIDC-1-700 13.1 14.0 0.579 0.586 0.587 0.588 

BIDC-2-700 23.4 25.3 0.810 1.157 1.211 1.235 

BIDC-3-700 25.3 28.1 0.654 1.121 1.296 1.464 
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Figure S24. CO2 uptake at 298 K versus volume of large micropores and narrow mesopores;            

a-d) surface excess uptake and e-h) absolute uptake. 
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Selectivity and heat of adsorption calculation. The pure component isotherms of CO2 

measured at 273, 298 and 323 K were fitted with the dual-site Langmuir (DSL) model, which 

is calculated by the Equation S2: 

 𝑞 = 𝑞𝐴 + 𝑞𝐵 = 𝑞𝑠𝑎𝑡 ,𝐴

𝑏𝐴𝑝

1 + 𝑏𝐴𝑝
+ 𝑞𝑠𝑎𝑡 ,𝐵

𝑏𝐵𝑝

1 + 𝑏𝐵𝑝
                                                                          (S2) 

 

with T-dependent parameters bA and bB being defined as Equation S3 and S4: 

𝑏𝐴 = 𝑏𝐴0 𝑒𝑥𝑝 �
−𝐸𝐴
𝑅𝑇

                                                                                                                             (S3) 

𝑏𝐵 = 𝑏𝐵0 𝑒𝑥𝑝 �
−𝐸𝐵

𝑅𝑇
                                                                                                                            (S4) 

 

where,  q is molar loading of adsorbate (mol kg
−1

), qsat is saturation loading (mol kg
−1

) , b is a 

parameter in the pure component Langmuir isotherm (Pa
−1

), ρ is bulk gas phase pressure (Pa), 

−E is heat of adsorption (J mol
−1

), R is the ideal gas constant (8.314 J mol
−1

 K
−1

), T is 

absolute temperature (K), and subscripts A and B refer to site A and site B, respectively. 

Since the pure component isotherms of CH4 and N2 do not show any inflection characteristic, 

they were fitted with the single-site Langmuir (SSL) model, which uses Equation S5: 

 

𝑞 = 𝑞𝑠𝑎𝑡 ,𝐴
𝑏𝐴𝑝

1+𝑏𝐴𝑝
                                                                                                                     (S5) 

 

with the T-dependent parameter bA defined by Equation S3. 

Pure-component isotherm fitting parameters were then used for calculating the Ideal 

Adsorbed Solution Theory (IAST) binary-gas adsorption selectivities, Sads, which are 

calculated as Equation S6:   

𝑆𝑎𝑑𝑠 =
𝑞1 𝑞2�

𝑝1 𝑝2�
                                                                                                                        (S6) 
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CO2 fitting parameters also were used to calculate the isosteric heats of adsorption (Qst) using 

the Clausius-Clapeyron equation as below: 

 

(ln𝑃)𝑛 = �
𝑄𝑠𝑡

𝑅
 �

1

𝑇
 + 𝐶                                                                                                                   (S7) 

 

where, P is the pressure, n is the amount adsorbed, T is the temperature, R is the universal gas 

constant, and C is the equation constant. The isosteric heat of adsorption was obtained from 

the slope of plots of ln P as a function of 1/T. 
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