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Development of thermoplastic elastomers with thermally irreversible but photoreversible
fluorescent mechanoprobes
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Recently, polymeric materials have been used as structural materials in cars and airplanes due
to not only the lightweight and processability but also the improved strength and therefore, will
be increasingly used in various fields. However, because the history is as short as 100 years,
the failure, fatigue, and degradation mechanisms are little understood. The improvement of
their lifetimes, durability, and reliability by elucidating the mechanisms is strongly required.
In this context, visualization of force and damage generated in polymeric materials at the
molecular level has been extensively studied by using mechanoprobes (MPs) that change the
color and luminescence properties in response to force. To date, various MPs have been
reported but were not designed and developed for the elucidation, In this study, we tried to
develop MPs with functions suitable for the elucidation of the failure, fatigue, and degradation
mechanisms in polymeric materials, such as highly sensitive detection of force, thermal
irreversibility at room temperature, and photoreversibility. Although the designed MPs could
not be obtained, we successfully synthesized a molecular switch, i.e., hindered stiff stilbene
(HSS), which is a central part of the MPs and showed properties superior to existing molecular
switches, including large structural changes, high switching ratio, and excellent thermal
stability. HSS was introduced into linear polymers as repeating units, enabling them to
photoreversibly convert their structures in solution and physical properties in bulk. We also
incorporated one Z isomer of HSS into the center of a linear polymer, applied force to the
polymer chain by sonicating the polymer solution, and found that the Z isomer isomerizes to
the E isomer by force.
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