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ABSTRACT

To find out rational design and synthetic strategies toward efficient hydrogen storage
materials, molecular modeling and quantum mechanical studies have been carried out on the
MOFs(Metal-Organic Frameworks) having various organic linkers and nanocube frameworks.
The calculation results about the free volume ratio, surface area, and electron density variation
of the frameworks indicated that the capacity of the hydrogen storage of MOFs was largely
dependent on the specific surface area and electron localization around benzene ring rather than
the free volume of MOFs. The prediction of the modeling study could be supported by the
hydrogen adsorption experiments using IRMOF-1 and -3, which showed more enhanced
hydrogen storage capacities of IRMOF-3 compared with the IRMOF-1's at both experimental
conditions, 77K, ~H: 1 atm and ambient temperature, ~ H; 35 atm.

FRIIE80 : MOF, IRMOF-3, nanocube(U}:=F2), hydrogen(3=4), storage(A &),
adsorption(¥ %), modeling(2 4 &)
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Fig. 2. FT-IR spectra of IRMOF-1 and -3.
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Fig. 3. TGA results for (a) IRMOF-1 and (b)
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Fig. 4. Hydrogen adsorption behavior of IRMOF-1
and -3 at 77K (a), and IRMOF-3 at

ambient temperature (b).
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Fig. 5. The structures of various MOFs according to the variation of organic linkers. figures are taken form the reference 2a.
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Table 1. Theoretical free volume ratio, specific surface area, and hydrogen storage capacity for various MOFs

Ligand Number Total free Accessible free  Specific surface Hydrogen
in Fig. 5 - volume(%) volume(%) area (m?/g) Capacity (% wt)
05 68.6 47.0 3764.1 26.6(22.5)
11 69.6 48.9 3531.3 28.6(21.1)
04 713 51.0 3792.0 30.2(22.7)
13 70.8 51.4 3244 .4 29.2(19.4)
07 74.1 55.8 3565.9 33.6(21.3)
09 75.2 574 3645.1 38.3(21.8)
06 76.9 60.0 3741.1 40.0(22.4)
02 78.1 62.2 2978.9 35.2(17.8)
03 78.5 62.8 3554.4 43.2(21.3)
15 80.6 65.7 6602.6 106.6(39.4)
01 80.5 66.2 3552.8 49.1(21.2)
08 84.7 72.5 3644.6 69.6(21.8)
12 84.6 73.4 42225 84.5(25.2)
14 85.6 75.2 3992.7 87.0(23.9)
10 87.6 77.8 4066.9 103.5(24.3)
16 914 84.7 67424 277.9(40.3)

‘First values are calculaied from accessible free volume ratio, while the values in

parenthesis are from specific surface area based on monolayer adsorption.

Closest

packing of dihydrogen molecules on the adsorption sites was assumed, and the
values are meaningful when they are compared with each other.
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Fig. 6. Schematic drawings of the organic linkers used for the modeling studies.
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Fig. 7. Iso-clectrostatic potential surface (blue: iso-value = 0.04, red: iso-value = -0.04) of the organic linkers
depending on the functional groups (R, R'): (a) R = H, R' = H, (b) R = H, R = NO2, (c) R = NH,,

R' = H. (d) R = NH;, R = NO,, respectively.
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Fig. 8. HOMO of the framework medel structures depending on the functional groups (R, R); (a) R = H, R' =
H, (b)) R = H. R' = NO;, (¢) R = NH;, R' = H, (d) R = NH;, R=NO,, respectively.

g

C d

Fig. 9. LUMO of the framework model structures depending on the functional groups (R, R"); (a) R = H, R’
=H, (b) R=H, R" = NOs, (¢) R = NH;, R' = H, (d) R = NH;, R'=NO,, respectively.
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