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This thesis describes the study on the design and synthesis of mechanophores for the regulation of mechanochemical
polymer reactions.

In Chapter 1, researches on mechanophores are reviewed and the purpose of this thesis is described.

In Chapter 2, the photoregulation of the mechanical bond scission reaction was demonstrated using
diarylethene-conjugated Diels—Alder adduct mechanophore (DAE/DA) that reversibly isomerizes from a weaker open form
to a stronger closed form under photoirradiation. Pulsed ultrasonication experiments, spectroscopic analyses, and density
functional theory calculations support the successful photoregulation of the reactivity of this DAE/DA mechanophore, which
is incorporated at the mid-chain of a polymer, and indicate that higher force and energy are required to cleave the closed form
of the DAE/DA mechanophore relative to the open form.

In Chapter 3, the role of hydrogen bonding as small-molecule mechanical-force transducers for the activation of
mechanophores in the bulk is investigated. The introduction of diarylurea linkage motifs, which are known as long-distance
hydrogen bonding groups, enhances the mechanochemical activation of the fluorescent mechanophore tetraarylsuccinonitrile
(TASN) as effectively as the attachment of a typical macromolecular transducer. Electron paramagnetic resonance
measurements of mechanically activated TASN with diphenyl urea motifs demonstrate its higher carbon—carbon bond
dissociation ratio compared to that of TASN without diphenyl urea motifs. This efficient supramolecular-force-transducing
system represents a new concept in the field of mechanochemistry, namely, the enhancement of mechano-reactivity by
simply changing the substituents of a mechanophore, even in small molecules.

In Chapter 4, the mechanochemical strengthening of cross-linked elastomers based on macrocyclic mechanophores
containing a dynamic covalent disulfide bond was demonstrated. Cross-linked poly(hexyl methacrylate) (CPHMA)
possessing the macrocyclic mechanophores at the cross-linking points was synthesized by free radical polymerization and
characterized. Tensile tests and swelling tests showed the successful self-strengthening of CPHMA containing the
macrocyclic mechanophores after compression without any additives such as monomers and modifiers, and any other stimuli.

Chapter 5 summarizes the contents of this thesis.
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