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This thesis describes the synthesis and properties of the cross-linked vinyl polymers having rotaxane
structure consisting of cyclodextrins (CDs) and polyether-based macromonomers at the cross-link points.

In Chapter 1, the synthetic methods and properties of rotaxane cross-linked polymers (RCPs) are
described to clarify the purpose of this thesis.

In Chapter 2, structural analysis of vinylic supramolecular cross-linkers (VSCs) consisting of
poly(ethylene glycol) (PEG)-based macromonomer and o-CD dimer or trimer as well-defined wheel
components and the synthesis of RCPs using the above cross-linkers are described. DOSY spectra analysis of
the VSCs revealed that their structure depended on the concentration of the components and the number of
o-CD units. Besides, the conditions for the VSC formation were reflected in the RCP properties, indicating
the VSC structure remains in RCP and thus RCP shows characteristic properties depending on the VSC
structure.

In Chapter 3, facile syntheses of poly(tetrahydrofuran) (PTHF)-based macromonomers having different
lengths and its application to the synthesis of RCPs are described. The PTHF-based macromonomers formed
double-stranded pseudorotaxane with y-CD in water, like PEG macromonomer, and worked as a rotaxane
cross-linker to afford corresponding RCPs. Besides, the obtained network polymer showed higher elongation
and stress when longer macromonomer was used, pointing the movable region of the polymer chain at the
cross-link points directly affects the properties of the network polymer.

In the latter part of this chapter, the importance of introducing rotaxane cross-links into vinyl polymer is
described by investigating the property of network polymers having non-movable rotaxane structure at the
cross-link points or both covalent-bond and rotaxane cross-link points.

In Chapter 4, investigation of the dynamic character of CD in RCP by introducing tetraphenylethylene
(TPE) as a fluorescent probe and reinforcement of RCP by the introduction of cellulose nanofiber (CNF) are
described. TPE-modified RCP showed blue fluorescence even under swollen state attributed to the decrease
of CD mobility. Moreover, increase of the fluorescence intensity was observed by stretching rotaxane
cross-linked elastomer. From these results, dynamic character of CD in RCP can be evaluated by the visual
evaluation for the first time. Whereas, introduction of moderate amount of CNF gave stronger RCP, though
too much addition of CNF weakened the network polymer due to an aggregation of them. Thus, it was
revealed dispersion of CNF in RCP is important for the reinforcement of RCP.

In Chapter 5, obtained results are summarized and future aspect is described.

These results gave important and intriguing knowledge about the synthesis of vinyl polymer-based RCPs
using VSCs and their applications.
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