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WFER R OBEEL (J£30) : The Metal-Organic Frameworks (MOF) of the third generation are known to
exhibit a steep rise in adsorption isotherm driven by adsorption-induced structure transition, which
provides potential applications for gas storage and separation. We succeeded in understanding the
mechanism of the adsorption-induced structure transition for the jungle-gym-like and stacked layer
MOFs by the free-energy analysis coupled with the molecular simulations.
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Fig. 1 Adsorption snapshot of interpenetrated
jungle-gym structure. For clarity, the rods are displayed
with half the size of the actual diameter. (Inset:
Schematic image of the interpenetration)
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Fig.2 Grand free energy profiles of the
interpenetrated framework along the displacement of
one JG relative to the other, determined for various
relative pressures.
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Fig.3 Modeling of simulation cell for stacked layer
system. (a) Two-dimensional framework (right) is
expressed as a plate of smeared atoms (left) with
pillaring anion atoms. (b) Stacking of the plates with
closest distance /s forms up the MOF of empty state
(left). Adsorption will be possible with larger
interlayer distance (right).
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Fig.4 Grand free energy profiles of the stacked-layer
system with /ose = 1.50 o5 at 7 =0.8 along the
expansion of interlayer distance, determined for various
relative pressures.
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Fig.5 Adsorption isotherm determined from the
free-energy analysis shown in Fig.4, which exhibits
stepwise uptake resulting from the structural transition,
or layer expansion.
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Fig.6 Grand free energy profiles of the stacked-layer
system with /ose = 1.800¢ at 7" =0.8 along the
expansion of interlayer distance, determined for various
relative pressures. Between the two minima in each
profile, the energy barrier for transition prevails.
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Fig.7 Analysis of hysteresis in the system shown in
Fig. 6. (a) Variation of energy barrier for adsorption
and desorption. (b) Possible hysteretic isotherm at the
spinodal limit. Smaller hysteresis loop may results if
thermal enerev is annreciable.
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Fig.8 Analysis of temperature dependence of
hysteresis in the system shown in Fig. 6. (a) Variation
of energy barrier for adsorption and desorption at
various temperatures. (b) Possible hysteretic isotherm
with the energy threshold of 0.7 kT per layer.
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Fig.9 Parametric examination of transition pressure
for the initial interlayer distance /Aose.  Plot for 1.99 oy
shows “opened” structure.
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