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Annual Research Highlights

(1) “Simultaneous arrangement of multiple functional
molecules in a porous molecular crystal”

We have previously reported that a porous molecular
crystal self-assembled from macrocyclic trinuclear Pd"
complexes can arrange various guest molecules on pore
surfaces of the crystal. In this research, we revealed that
three kinds of functional molecules such as
tetrathiafulvalene  (TTF), ferrocene, and fluorene
derivatives were simultaneously arranged in the pore as
determined by single-crystal X-ray diffraction (XRD)
analyses. In the molecular arrangements, cooperative and
competitive manners were observed due to the
intermolecular interactions among guest molecules in the
pore. This finding would lead to the development of
enzyme-like reaction fields and conductive crystals based
on the site-selective precise arrangement of various
functional molecules in the pore.
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Fig. 1 Simultaneous arrangement of TTF, ferrocene, and
fluorene derivatives in the porous molecular crystal.
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(2) “Single-crystal XRD snapshot observation of a
molecular arrangement process in the porous
crystal”

Molecular arrangement on a solid surface is a typical
process of self-organization, and uncovering the
mechanism of molecular arrangement is therefore
expected to give not only important insight for basic
science but also design guidelines for catalysts and
molecular adsorbents. In this research, we utilized the
porous molecular crystal as a place for visualizing the
arrangement process of an aromatic molecule on the pore
surface by a successive single-crystal XRD measurement.
The first XRD just after the uptake of the guest molecules
indicated no guest binding on a side pocket of the pore
surface. Then the crystal was warmed to —40 °C to slowly
go forward the molecular arrangement process, and each
step was monitored by XRD measurements. As the result,
the guest was transiently bound at a neighboring void of

the side pocket, and then accommodated in the side
pocket as a steady state. This shapshot observation of
such a stepwise arrangement process in a porous crystal is
the first example, and this insight has high impact on both
phenomenon and analytical methodology.
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Fig. 2 XRD-based snapshot analysis of the stepwise molecular
arrangement on the side pocket of the crystalline pore.
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(3) “Construction of a novel host-guest system driven
by multipoint Ag-m interactions in a disilver
cyclophane”

In this research, we developed a disilver cyclophane
as a host molecule to effectively encapsulate several
aromatic  compounds  through  multipoint Ag-n
interactions in the macrocyclic cavity composed of four
anthracene moieties and two phenanthroline-Ag' sites.
For instance, a single-crystal XRD analysis revealed that
[2.2]paracyclophane was encapsulated in the cavity, and
its binding constant was estimated to be over 10° M.
Moreover, the encapsulation of a typical organometallic
compound, ferrocene, altered the redox potential of the
ferrocene molecule bound in the disilver cyclophane.
These results demonstrated that the multiple Ag-n
interactions would serve as a versatile tool in a
host-guest-type molecular recognition.

Fig. 3 Encapsulation of [2.2]paracyclophane and ferrocene
molecules in the disiver cyclophane.
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