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Molecular machine is one of the important fields in supramolecular chemistry. We are developing supramolecular
systems exhibiting mechanical motions in the crystalline state. Since the molecules are anisotropically and densely
arranged in the crystalline phase, molecular motions in a crystal can be easily extracted as an external output.
Supramolecules are highly designable. A variety of combinations of inorganic or organic cations with crown ethers will
exhibit diverse physical responses derived from dynamic feature of supramolecular systems. We have been combining
the supramolecular cations with the anionic metal-coordination complex of [Ni(dmit)2]~ (dmit>~ = 1,3-dithio-2-thione-
4,5-dithiolate?") showing peculiar magnetic and conducting properties due to the open-shell electronic structure. In this
review, we introduce a series of multifunctional [Ni(dmit)2]~ supramolecular crystals exhibiting interplay between

supramolecular motion and electronic functions.
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Fig.1 Crystal structure of 1 at 100 K. (a) Supramolecular cation
structure of (Cs*)2([18]crown-6)s. (b) Packing structure of 1
viewed along the b axis. (c) One-dimensional arrangement of
supramolecular cations and [Ni (dmit)2]™ anions.
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Fig.2 Temperature dependence of [18]crown-6 structure in
crystal 1. The ordered and disordered structures of [18]crown-6 at
100 and 300 K, respectively, indicated the rotation of [18]crown-
6 at higher temperatures.
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Fig.3 Molar heat capacity (open circle) and normal heat
capacity (solid line).!®)
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Fig.4 Temperature dependence of molar magnetic susceptibility
(¢m) and ymT for crystal 1. The dotted line is the fitting by the S-T
thermal excitation model for ym at the lower temperatures.
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Fig.5 Crystal structure of 2. (a) Packing structure viewed along
the b axis. Supramolecular cations formed two-dimensional
layers, which alternately stacked with  [Ni(dmit)2]™ layers along
the ¢ axis. (b) Supramolecular cation arrangement in the ab plane.
The F group of m-FAni" is disordered. (¢) Schematic view of
supramolecular rotor. The orientation of the F group can be
reversed by outer electric field.
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Fig.6 Dielectric response of single crystal 2. (a) Temperature-
and frequency-dependence of the real part of the complex
permittivity (e1). The AC electric field was applied along the a-
axis of the crystal. (b) P-E curve at room temperature
measurement at 500 Hz.
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Fig.7 Molecular structure of [18]crown-6 (left) and dibenzo-
[24]crown-8 (right). Compared to [18]crown-6, [24]crown-8
derivatives have a larger cyclic structure.

Fig.8 Crystal structure of 3. (a) Hydrogen-bonded pseudo-
rotaxane structure. (b) Packing structure viewed along the b axis.
The pseudo-rotaxane structure extends in the b-axis. The
[Ni(dmit)2]~ anions arranged two-dimensionally parallel to the

(IOi) plane, which alternately stacked with pseudo-rotaxane
layers.
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Fig.9 Differential scanning calorimetry of crystal 3. The
direction of temperature sweep is indicated by arrows.

Fig.10  Crystallographically independent supramolecular
cation structure at 93 K. The crystallographically independent
bpy" and DB[24]crown-8 increased from 0.5 molecules each at
293 K to five molecules each at 93 K with conformational
changes.
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