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This thesis is entitled "Study on the Mechanoresponsive Polymers with Fluorescent Mechanochromophores".
Tetraarylsuccinonitrile (TASN), which generates relatively stable radicals with yellow fluorescence in response to
mechanical stress, is focused as a fluorescent mechanochromophore in this thesis. Based on the quantitative evaluation and
the observation of these fluorescent radical species, this paper summarizes the events of "freezing of polymer solution" and
"polymer crystallization".

In Chapter 1, the history of polymer mechanochemistry is reviewed and the purpose of this study is discussed.

In Chapter 2, the freezing-induced mechanofluorescence (FIMF) for polymer gels (TASN gels) cross-linked by TASN
moiety was studied, which has an excellent reversibility and depends on the solvent polarity and melting point of the solvent.

In Chapter 3, the effects of cross-linked structures on FIMF were studied through the introduction of both non-dynamic
covalent bonds and dynamic covalent bonds into the cross-linking points. As the non-dynamic covalent bonds increased,
the network reorganization is restricted and the dissociation ratio of TASN in FIMF increased, thereby increasing the
strength of force transfer to the cross-linked points.

In Chapter 4, the radical reaction between TASN radicals in FIMF and vinyl monomers under freezing conditions was
studied, resulting in toughening the original polymer network. The amount of radicals generated by TASN remains constant
even after repeated freezing—thawing cycles and the toughness of the resulting polymers increases with the number of
freezing—thawing cycles.

In Chapter 5, micro-mechanical forces during the crystallization process of lamellar crystals in polymeric materials was
studied by the introduction of TASN moiety into crystalline polymers. The obtained crystalline polymers allow not only to
visualize the stress via fluorescence microscopy but also to evaluate the micro-mechanical forces upon growing polymer
lamellar crystals by electron paramagnetic resonance.

In Chapter 6, the fracture behavior of crystalline polymer films under uniaxial stretching was visualized and quantified
through the generation of TASN radicals. Micro-scale observation showed that the orientation of the spherulite was
visualized through activated fluorescence. The dissociation ratio of TASN and the recombination behavior of TASN radicals
are different between linear and star structure of crystalline polymers.

In Chapter 7 summarizes the contents of this thesis.
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