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This dissertation describe the design of fluorescent molecular probes for the detection of polymeric mechanoradicals
generated through the mechanical breakage of polymers, and their application in detecting material degradation in solid
polymers.

In Chapter 1, the general background and objective of this dissertation were described.

In Chapter 2, to demonstrate the radical transfer from polymeric mechanoradicals to diarylacetonitrile (DAAN)
derivatives, ball-milling tests were conducted on the mixture of DAAN derivative with methoxy groups at the para-position
(DAAN-OMe/OMe) and polystyrene (PS). After ball-milling tests, yellow fluorescence derived from DAAN radical was
observed, which was confirmed by electron paramagnetic resonance (EPR) measurements (g = 2.003) and fluorescence
measurements (Aem = 556 nm). The radical transfer of polymeric mechanoradicals toward DAAN had correlations with the
degradation of PS, generation of DAAN radical, and its yellow fluorescence. These results reveal that DAAN-OMe/OMe
enables the visualization and quantitative evaluation of mechanoradicals generated by polymer-chain scission in the bulk
state.

In Chapter 3, DAAN derivatives with different substituents were synthesized to evaluate the effect of the substituents on
the mechanoradical detection ability and fluorescence property. The study reveals the importance of both thermodynamic
and kinetic stabilization mechanisms for enhancing mechanoradical detection. It also demonstrates the ability to predict the
fluorescence spectrum of DAAN radicals through time-dependent density-functional theory (TD-DFT) calculations and
control the fluorescence wavelength by changing the substituents on the aromatic rings.

In Chapter 4, DAAN derivatives with ‘Bu groups on the meta-positions of the aromatic rings are developed to enhance
mechanoradical detection ability while maintaining thermodynamic stability. These derivatives exhibit improved
mechanoradical detection ability and increased radical persistence compared to DAAN-OMe/OMe.

In Chapter 5, to improve the detection ability of mechanoradicals by improving homogeneous dispersion with polymers,
polystyrene with a DAAN skeleton in the polymer side chain (PS-DAAN) was synthesized, and its mechanoradical detection
ability was evaluated. The results of the ball mill test showed that PS-DAAN exhibited a 50 times higher mechanoradical
detection ability than a mixture of low-molecular-weight DAAN derivatives and PS powder.

In Chapter 6, it was demonstrated that the visualization of chain cleavage inside generic elastomers by post-synthetically
adding a DAAN-OMe/OMe. Tensile tests reveal that differences in mechanoradical generation between double network
(DN) and single network (SN) elastomers. In DN elastomers, sacrificial bond cleavage occurs after the onset of strain-
hardening. As for SN elastomers, fluorescence derived from DAAN radicals is almost unobservable prior to fracture of the
elastomers.

Chapter 7 summarizes the content of this dissertation.
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