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This thesis describes the research that provides a methodology for the creation of functional
materials that take advantage of the structural transformations produced by cyclic topology with
dynamic nature

In Chapter 1, preceding studies on macro to micro structural transformation using dynamic covalent
bonds are reviewed, which presents issues necessary for the expansion of polymer structural
transformation technology and the creation of functional materials based on this technology

In Chapter 2, the control of polymer end structures using macrocycles with a bis(2, 2,6, 6-
tetramethylpiperidin-1-yl)disulfide (BiTEMPS) moieties is demonstrated. The BiTEMPS moieties are
stable at room temperature, but exchange disulfide bonds above 80 ° C. Specifically, end-
functionalized polymers were synthesized by simply heating a mixture of a macrocyclic compound with
one BiTEMPS moiety and bifunctional acyclic BiTEMPS compounds as sources of repeat units and terminal
groups, respectively

In Chapter 3, synthesis of cyclic polymers with dynamic nature and the control of the primary
structure of polymers using obtained cyclic polymers are demonstrated. Two synthetic methods were
successfully used to synthesize cyclic polymers from linear polymers, whether soluble or insoluble
in solvents.

In Chapter 4, development of a synthetic method for figure—eight—shaped polymers and their
structural transformation into cross—linked polymers are demonstrated. The crosslinked polymers
obtained by this method were shown to possess both self-healing properties derived from their dynamic
properties and acquired property tuning ability

In Chapter 5, dissociation of the rotaxane structure by mechanical stimuli was shown to be the
toughening mechanism of crosslinked polymers (RCPs) having a rotaxane structure with a narrow movable
region at the crosslinking point. Mechanochemical dethreading of a rotaxane without failure of any
covalent bonds provide a mechanism to control material fracture behavior independently of the
mechanochemical response of the covalent networks

Chapter 6 summarizes the contents of this thesis.
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