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The nanometer-sized space formed in the porous material gives rise to a significant effect on the physicochemical
properties of the condensed matter confined therein. It is well-known as the “confinement effect”, and it has been
extensively interested in the relation between the size of the space and the structure and physical properties of the
confined molecular assembly. We found that the adsorbed benzene molecules show two phase transitions in an
isoreticular metal-organic framework-1 (IRMOF-1). Solid-state NMR and molecular dynamics simulation revealed that
the molecular reorientation and intra-cavity migration of benzene take place in the two kinds of cavity in IRMOF-1 in
the low and intermediate temperature phases. In the intermediate temperature phase, dynamic disorder of benzene occurs
in the smaller cavities, accompanying partial melting of benzene in the smaller cavities. In contrast, in the high
temperature phase the translational diffusion of benzene takes place over all the cavities. This fact suggests the phase
transition is closely concerned with melting of the confined benzene. In this review, we describe the unique structure and
physical properties of molecular assembly adsorbed into IRMOF-1 through the molecular motion and phase transition

of benzene.
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Fig.1 2x2 crystal lattice of IRMOF-1 unit cell (a), and large and
small cavities (b). Red, grey, and white balls represent oxygen,
carbon, and hydrogen atoms, respectively, and purple
tetrahedrons represent ZnO4 unit. Yellow and orange spheres
represent large and small cavities.
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Fig.2 Differential thermal analysis (DTA) heating diagrams for
IRMOF-1 (a), molecular sieve 13X being adsorbed with benzene
(b), and IRMOF-1 being adsorbed with benzene (c).
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Fig.3 Temperature dependence of 'H spin-lattice relaxation rate
(1/T1) for benzene adsorbed by IRMOF-1. The phase transition
points are represented by vertical dotted lines at 150 K and 216 K.
The solid lines are results of the data optimization using eq. (1).
1/T1 shows two components below 216 K; fast (0) and slow (e),
whereas above 216 K it shows a unique value (A). T and Tu2
correspond to transition temperatures observed in DTA
measurements.
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Table 1 Motional mode and activation parameters determined
from temperature dependence of 1/71.

comp. region mode Ea/kJ mol™ T0/s
Fast 1/Th LI Reorient. 35 5.5x107M
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Trans.
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Fig.4 Temperature dependence of diffusion coefficient of
benzene in IRMOF-1. Reproduced from Ref.9 with permission
from the PCCP Owner Societies.
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Fig.5 Temperature dependence of root mean square distance, 4,
of benzene in IRMOF-1. The dotted lines represent a pore
diameter of cavity II and cavity I, and the dashed line represents
a lattice constant of IRMOF-1.
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Fig.6 Trajectory of the centers of mass for benzene in IRMOF-
1. Diffusion pathway of a benzene molecule over 1 ns. Below 160
K, the pathways in cavity I (pink) and II (blue) are shown
separately. Reproduced from Ref.9 with permission from the
PCCP Owner Societies.
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Fig.7 Snapshot of the local structure of adsorbed benzene in
cavity I (a) and cavity II (b) at 100 K. For cavity I, cyan-colored
molecule is located at a center of the cavity, orange ones occupies
4 corner sites in the cavity, and purple ones are located at center
of windows. For cavity II, blue-colored molecules occupy 8
corner sites on the cavity.
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Fig.8 Summary of relation between phase transition points and
molecular motion of benzene adsorbed in the micropores of
IRMOF-1.
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