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Isosteric heat of adsorption

The isosteric heats of adsorption (Qst) were calculated from single-component 

adsorption isotherms of CO2 measured at 273, 298 and 313 K. The isotherms were fit 

to a viral Eq.

ln P = ln N +
1
T

m
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Where N is the amount of gas adsorbed at pressure P, ai and bj are virial coefficients, m 

and n are the numbers of coefficients require to adequately describe the isotherm. Using 

the fitting parameters obtained from the above equation, Qst can be calculated using the 

following Eq.

Qst =- R
m

∑
i = o

aiN
i

R is the universal gas constant.

Ideal adsorbed solution theory (IAST) calculations

The single-component adsorption isotherms of CO2, CH4 and N2 on Y-bptc 

obtained at 298 K were fitted using the dual site Langmuir model.

𝑞= 𝑞𝐴,𝑠𝑎𝑡
𝑏𝐴𝑝

1 + 𝑏𝐴𝑝
+ 𝑞𝐵,𝑠𝑎𝑡

𝑏𝐵𝑝

1 + 𝑏𝐵𝑝

where q represents the adsorbed capacity per mass of adsorbent (mol/kg), qA,sat and qB,sat 

are the saturation uptake capacities at site A and site B, respectively, bA and bB represent 

the constant at adsorption site A and site B, respectively, P represents the total pressure 

of the gas at the equilibrium (kPa).

The adsorption selectivity defined as follows:



𝑆𝑎𝑑𝑠=
𝑞𝐴 𝑞𝐵
𝑦𝐴 𝑦𝐵

where qA and qB represent the component molar loading within the MOFs and yA and 

yB are the corresponding mole fraction used in the feed gas mixture.
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Fig. S1. PXRD patterns recorded for Y-bptc.
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Fig. S2. The single-adsorption isotherms of Y-bptc for CO2 at different activation 

temperatures.
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Fig. S3. The single-adsorption isotherms of Y-bptc for CO2, CH4 and N2 at 273 K.
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Fig. S4. The single-adsorption isotherms of Y-bptc for CO2, CH4 and N2 at 313 K.



Fig. S5. The adsorption selectivity of (a) CO2/N2 (0.15/0.85) and (b) CO2/CH4 (1/1) 

for Y-bptc at 298 K.
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Ln
(p

)

Adsorption (mmol/g)

273 K
298 K
313 K

Degrees of 
Freedom 53

Reduced Chi-Sqr 0.0067

Adj.R-Square 0.99702

Value Standard 
Error

CO2

a0 -2899.16567 249.93746
a1 -285.77789 879.33373
a2 -1248.51655 893.24229
a3 1301.48916 321.11685
a4 -414.03047 56.95954
a5 43.09737 6.35981

Fig. S6. CO2 fitting isotherms of Y-bptc through virial equation.
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Fig. S7. The adsorption heat of Y-bptc for CO2.
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Fig. S8. The comparison of adsorption heat of reported CO2 adsorbents.



Fig. S9. The breakthrough experimental set-up schematic under dry conditions.

Fig. S10. The breakthrough experimental set-up schematic under wet conditions.

Fig. S11. Breakthrough experiments using Y-bptc for wet CO2/CH4 (1/1) and CO2/N2 

(1/4) mixtures at 298 K.



Fig. S12. CO2, CH4 and N2 adsorption isotherms at 298 K in Y-bptc with dual-site 

Langmuir model fits.
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Fig. S13. The equilibrium adsorption isotherms of Y-bptc (~250 mg) for CO2, CH4, and 

N2 at 298 K.
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Fig. S14. Adsorption-desorption cycles for CO2 in Y-bptc at 1 bar and 298 K.

Fig. S15. The equilibrium adsorption isotherms of Y-bptc for CO2 after activation at 

573 K for 12 h.



Table S1 Physicochemical properties of CO2, CH4 and N2

Structure Molecular size (Å3)

Kinetic 

diameter 

(Å)

Boiling 

point 

(K)

Polarizability 

(10-25/cm3)

Quadrupole 

moment 

(1026/esu cm2)

CO2 3.18  3.33  5.36 3.3 194.7 29.11 -4.30

CH4 3.7  3.7  3.7 3.758 111.66 25.93 0

N2 3.6  3.6  3.6 3.64 77.35 17.403 1.52

Table S2 Summary of the equilibrium uptakes, CO2/CH4 and CO2/N2 uptake ratio in 

some reported MOFs.

Adsorbents
CO2 uptake

(cm3/g)

CH4 uptake

(cm3/g)

N2 uptake

(cm3/g)

CO2/CH4 

uptake ratio

CO2/N2

uptake ratio
Reference

Y-bptc 55.1 1.21 3.04 45.5 18.1 This work

In(aip)2 28.1 0.4 0.2 70.2 140.5 [1]

Qc-5-Cu-sql 48.4 1.3 0.3 37.2 161.3 [2]

SIFSIX-3-Zn 56.2 9 3.4 6.2 16.5 [3]

CALF-20 60.5 - 5.2 - 11.6 [4]

Mg-MOF-74 192.9 23.52 - 8.2 - [5]

ZIF-8 18.1 6.3 2.2 2.87 8.22 [6]

UTSA-16 76.2 10.3 1.4 7.39 54.4 [7]

NJUBai35 72.8 20.2 4 3.6 18.2 [8]

FJU-44a 53.2 11.3 2.7 4.7 19.7 [9]

Cu-Fpymo 39.2 0.89 0.33 44 118 [10]

UTSA-280 67.3 4 6 16.8 11.2 [11]

SIFSIX-14-Cu-i 106 0.92 - 115.2 - [12]



NOTT-400 109.7 17.92 - 6.1 - [13]

NOTT-401 64.9 20.1 - 3.2 - [13]

Table S3 Dual-Langmuir fitting parameters for CO2, CH4 and N2 in Y-bptc at 298 K.

Site A Site B

qA,sat

cm3 g-1

bA

bar-1

qB,sat

cm3 g-1

bB

bar-1

CO2 7.39 0.06 84.56 0.75

CH4 0.06 0.04 8.29 6.14

N2 4.40 2.20 2.11 1.04

Table S4 The element analysis of Y-bptc after activation at different temperatures.

“N”content (%) [H2N(CH3)2]+ (%)

473 K activation 3.42 11.23

573 K activation 1.79 5.88

The quantity of ammonium ions was calculated by measuring the “N” content through 

Element Analysis.
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