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Development of elastomer having rotaxanes as supramolecular mechanoluminophores
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In decade, mechanophores, which exhibit various outputs in response to mechanical stimuli,
have been investigated in polymer chemistry. Especially, mechanophores that change the
photophysical properties have attracted enormous attention because such mechanophores can
visualize damage area of polymers and evaluate mechanical stress applied to the polymeric
materials when covalently introduced into polymers or other materials. Most mechanophores
normally require scission of covalent bonds in mechanophore’s molecular structure for activation.
Therefore, forces required for activation are relatively large and reverse conversion needs other
external stimuli or long time. Furthermore, some mechanophores like spiropyran can be also
activated by light irradiation. Our research group has developed a completely different
mechanophore-type, rotaxane-based supramolecular mechanophores, to overcome these issues. In
the case of the supramolecular mechanophores, no covalent bond scission is needed for activation.
Thus, instantly reversible feature can be achieved. Indeed, when a prototype rotaxane-based
mechanophore was covalently embedded into polyurethane chains, the resultant polyurethane
specimen exhibit instantly reversible on/off switching of photoluminescence upon stretching.

In this study, we demonstrated another significant advantage of the supramolecular
approach to mechanophores, i.e., that the optical signal produced can readily be tailored by just
changing the luminophores. The luminophore used in the prototype mechanophore was replaced
with a m-extended pyrene, anthracene, DCM, or BODIPY group. Polyurethanes having pyrene-,
anthracene-, or DCM-based mechanophore were found to show on/off switch of blue, green, or
orange emission. Furthermore, blending these three polyurethanes allow us to access
white-light-emissive polyurethane. However, a BODIPY-based rotaxane exhibits strong red
emission even before tensile deformation when embedded into polyurethane. This is probably
because lower association constant between the luminophore and quencher group. We also found
that swelling the films with some organic solvent can enhance the emission contrast upon
stretching.
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