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Hydrogen Adsorption,

Abstract Hydrogen adsorption mechanism onto the porous metal-organic frameworks (MOFs) has
been studied by density functional theory calculation. The selected functionals for the
prediction of interaction energies between hydrogen and potential adsorption sites of MOF was
utilized after the evaluation with the various functionals for interaction energy of HyCsHs model
system. The adsorption energy of hydrogen molecule into MOF was investigated with the
consideration of the favorable adsorption sites and the orientations. We also calculated the
second favorable adsorption sites by geometry optimization using every combination of two first
absorbed hydrogen molecules. Based on the calculation of first and second adsorption sites and
energies, the hydrogen adsorption into MOF follows a cooperative mechanism in which the initial
metal sites initiate the propagation of the hydrogen adsorption on the whole frameworks. In
addition, it was found that the interaction strength between the simple benzene ring with
hydrogen is significantly reinforced when the benzene ring has been incorporated into the
framework of MOFs.
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MOF : metal-organic framework

DFT : density functional theory

IRMOF : isoreticular metal-organic framework
GGA : generalized gradient approximation
LDA :local density approximation

PESS : potenial energy surface scanning
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Table 1 IRMOF-10l F&tshks $42o EEOILX]
Adsorption site AE(kcal /mol)

Position Orientation HCTH PW9l PBE

P -1.08 -1.02 -0.67

vV -0.72 -0.76 -0.48

Metal Site SC -0.60 -0.80 -0.31

SP -0.64 -0.69 -0.37

SV -0.70 -0.73 -0.36

C -0.45 -0.69 -0.37

Carboxylato Site 0 -0.84 -1.00 -0.66

p -0.27 -0.59 -0.31

C -0.19 -0.59  -0.15

P -0.60 -0.40 -0.29

Ring Site v -0.27 -0.37 -0.35

EC -0.21 -0.38 -0.34

EP -0.35 -0.53 -0.30

EV -0.33 -0.55 -0.41
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Fig. 4 |IRMOF-10| Z&st 4o T=2t 91X a)
metal P, b) metal V, c) metal SC, d) metal SP, e)
metal SV f) carboxylato C, g) carboxylato P, h)
carboxylato 0 i) ring C, i) ring P, k) ring V, 1)
ring EC, m) ring EP, n) ring EV. (22| 2t 39|
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