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Molecular Modeling Studies on the Functionalized MOF-5
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In order to understand the relationship between molecular structure of Metal-Organic
Framework(MOF) and capacity of hydrogen absorption, quantum mechanical calculations
and grand canonical Monte Carlo simulations have been carried out on a series of
MOF-5 having various organic linkers. The calculation results about specific surface area
and electron density for various frameworks indicated that the capacity of the hydrogen
storage is largely dependent on effective surface area rather than the free volume. Based
on the iso-electrostatic potential surface from density functional calculation and the
amount of adsorbed hydrogens from grand canonical Monte Carlo calculation, it was also
found that the electron localization around organic linker plays an important role in
hydrogen capacity of MOFs.
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Fig. 1. Schematic drawings of the organic linkers used for the modeling studies.
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Fig. 2. Iso-electrostatic potential surface (blue: iso-value = 001, red:
iso-value = -0.01) of the organic linkers linkers depending on
the functional groups R, R'); @ R=H, R' = H, (bh) R = H, R’
=Cl, (c) R = NHa, R’ = H. (d) R = NHy, R'= Cl, respectively.
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Fig. 3. Iso-electrostatic potential surface (blue: iso-value = 001, red:
iso-value = ~0.01) of the organic linkers linkers depending on the
functional groups (R, R'); (@ R =H, R = H, (b)) R = H, R’ =
NO2 (¢) R = NHa, R’ = H. (d) R = NHa, R’ = NO., respectively.
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Table 1. Sorption Data for
a, Metal-Organic Frameworks
Calculated at 77K, latm.

# H2 molecules perf.u
-]

® material  Asef(m%/g)  Ha per f.u.
2
‘ 1 35445 259
23 L Ref EWG EDG EWG/EOG
Variation of the functional group 2 33554 265
Fig. 4. Hydrogen adsorption calculated at 3 34975 214
77K, latm. Ref for refernce(MOF-5), 4 3320.7 289
EWG for Electron Withdrawing 5 3479.8 23.9
Groups(-C], @; -NO;, O) and EDG 6 33544 989

for Electron Donating Group(-NH.).
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