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A cyclic polymer (cyclic chain) having a complicated molecular topology such
as monocyclic, polycyclic, or cage type allows penetration of the linear polymer (linear chain) and
restrains the linear chain. It exhibits an unknown dynamic behavior completely different from the

entanglement expressed by the reptation. This study introduced a cyclic chain into the network
structure by chemical cross-linking and physical cross-linking, and its mechanical characteristics
were investigated. As a result, the addition of the cyclic chain increased the breaking strain and
improved the toughness. It is considered that this is because the ring-shaped chain behaves as a
dynamic cross-linking point, and the entanglement between the mesh chains is relaxed. To investigate
the reason for the development of such peculiar physical properties, we succeeded in establishing
the basic technique of stretching in-situ electron microscope observation in this study.
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