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Designed Metal-Organic Frameworks Based on MOF-5 and Their
Methane Adsorption Calculation by Grand Canonical Monte
Carlo Method

ZENG Yu-Yao ZHANG Bing-Jian"
(Department of Chemistry, Zhejiang University, Hangzhou 310027, P. R. China)

Abstract: 10 metal-organic framework molecules (MOFs) were designed based on the idea that the corners of those
MOFs are consistent with that of MOF-5 (the complex with 1,4-benzenedicarboxylate as linker and Zn,O cluster as
corner) but their linkers were changed into derivatives of 1,4-benzenedicarboxylate (BDC). Then, methane adsorption of
new MOFs was calculated by grand canonical Monte Carlo (GCMC) method at 298 K and 1-10 MPa, and the adsorption
amounts were correlated with different substituent groups. The results show that the isosteric heat of adsorption is the
most important factor at 298 K and 3.5 MPa, and the adsorption amount is highest when the linker of MOFs is —NO,.
At last, a designed MOF, which has 4 nitro groups on the BDC, was constructed and the corresponding methane
adsorption amount was also calculated at the same conditions. The calculated amount of excess adsorption reaches 209
cm’-cm™ and the calculated total adsorption attains 228 cm®+cm ™, which is 26% higher than the amount of DOE's
requirement for methane storage materials.
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Fig.1 Structures of Linkers (a) and MOF-5 (b)
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Table 1 Properties of MOF-X investigated
—X Pay/(g-cm™) S (- cm™) Vied (%) Q4/(kJ*mol™)
—CH; 0.64 1859 69.0 10.6
—H 0.59 1875 723 10.0
(20991, 2017%) (811, 7928, 68,62y
—Br 0.79 1846 70.2 10.8
(175510: (691, 78.481, 69,53
—Cl 0.68 1848 70.7 10.7
—CN 0.66 1843 69.3 10.8
—F 0.65 1866 71.8 10.5
—I 0.90 1838 69.3 10.4
—NH, 0.64 1874 69.8 10.6
(208214 (68", 78,711 72 212y
—NO, 0.71 1853 69.3 11.8
—OH 0.64 1856 709 10.5
—SH 0.68 1848 69.3 10.8

“The data in the brackets have been reported in the cited literatures, where references [39] and [40] gave the experimental results

and others provided similar calculated data.
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Fig.2 Methane adsorption isotherms of MOF-H (a)
and MOF-993 (b) at 298 K

compared with those reported in the Ref.[19]
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Fig.3 Methane adsorption isotherms at 298 K in
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Fig.4 Adsorbed amount of methane at 298 K, 3.5 MPa vs isosteric heat of adsorption (a), free volume (b), and

accessible surface area (c)
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Fig.5 Methane adsorption isotherms at 298 K in
MOF-4NO, predicted by GCMC simulation
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