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Toughening polymer materials by (pseudo-)rotaxane structures comprising of cyclic
topological polymers

2. FEE 4 (REREE)

K 4 n— < ER

%E” ¥th Isono Takuya
B K5 - #E4 FERFK

At v 1E K5 K %P T 90 1% Hokkaido University
EH HRA EiE R

KFPE LA 7E R Faculty of Engineering
B, ERER

e Z i Associate Professor

3. tmArFEE (TB HREKF)

K 4 R4 - 4 - K
(X 4)
ERE BT | AbMEERT - REBELEMIERE B
(FERER) (FERED)
Satoh Toshifumi Hokkaido University : Faculty of Engineering - Professor
(& 4)
GEgigay T GERE)
(X 4)
GEmRzEzy T GEeRER
(& 4)
GEREZy T &R &R




4.3 358 (300 FELLAY)

Research on the toughening of polymer materials through the introduction of rotaxane
cross-linking has grown into a significant research field and has been widely explored across
academia and industry in recent years for practical applications. However, a limitation of existing
rotaxane cross-linking lies in its dependence on combinations of cyclic and linear components
with strong intermolecular interactions, such as "cyclodextrin + PEG" or "crown ether + secondary
ammonium," which restricts the design flexibility of materials. Therefore, the establishment of a
rotaxane cross-linking method not limited to specific combinations is expected to bring innovative
progress to this research field.

Against this backdrop, this study proposes a novel methodology for constructing rotaxane
cross-links without the need for intermolecular interactions, by mixing cyclic and linear polymers.
Recent rheological measurements and simulations have revealed that when cyclic and linear
chains of the same polymer are mixed, linear chains penetrate cyclic chains to form
"pseudo-rotaxanes." This unique property allows for rotaxane cross-linking without requiring
attractive interactions and is expected to bring about a completely new breakthrough in polymer
materials development, including the toughening of rubber elastomers, strong adhesion at polymer
interfaces, and improved compatibility properties. However, such research has been paid less
attention until now, mainly due to the difficulty in obtaining cyclic polymers. Therefore, this study
utilizes our expertise in the high-yield and efficient synthesis of cyclic polymers to establish a
methodology for rotaxane construction from cyclic and liner polymer for application in materials
development.

Specifically, we had prepared monocyclic and multicylic PDMS by cyclopolymerization
approach. By the cross-linking of linear PDMS in the presence of cyclic PDMS, the cyclic PDMS
was incorporated as the form of rotaxane in the PDMS networks. Furthermore, taking advantage of
the unique characteristics of the rotaxane-containing network, we have successfully developed
damping materials without concerns about bleed-out.
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