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Liquid crystal (LC) molecules possess higher-order structures with fluidity, allowing for the control of the nano- to
micro-scale structure of materials. The introduction of non-covalent bonds into LC molecules enables the design of
supramolecular LCs. Supramolecular LCs demonstrate the characteristics of both non-covalent bonding and the structural
order of LCs, exhibiting enhanced molecular functionality. Therefore, the integration of new supramolecular systems into
LC molecular design is promising work for the development of innovative functional material fields. In the field of
supramolecular research, rotaxanes/pseudorotaxanes have attracted attention due to their dynamic properties, which are
derived from their unique molecular architecture, wherein an axle-shaped molecule is threaded through a ring-shaped
molecule. However, few LC rotaxanes have been reported due to limited molecular design approach and large synthetic
burden.

The author demonstrated the design of supramolecular LCs based on a rotaxane structure, the LC properties of which
arise by forming a threaded structure with an axle molecule and ring molecule. The formation of [2]rotaxane structure,
comprising an axle as a mesogen core and a ring as flexible tails, resulted in the emergence of an LC phase. This design
concept was successfully extended to [2]pseudorotaxanes. The preparation of low-molecular-weight LC [2]pseudorotaxanes
was achieved through simple mixing of axle and ring molecules. In addition, LC supramolecular polymers were synthesized
by utilizing hydrogen bonding formation.

The author investigated the phase transition behavior of [2]rotaxanes and [2]pseudorotaxanes and discovered that LC
[2]pseudorotaxanes exhibit thermally induced liquid-liquid phase separation behavior. This phase separation can be
attributed to the dissociation and subsequent reassociation of the axle and ring molecules with different molecular polarities.

This research enables the design of supramolecular LCs with a rotaxane structure simply by mixing molecular
components, containing a novel LC [2]pseudorotaxane showing liquid-liquid phase separation behavior. This research will
contribute to the development of next-generation functional supramolecular materials combining rotaxanes and LCs.
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