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Polymer networks constituting elastomers generally contain structural
defects, making it difficult to clarify the relationship between network structure
and mechanical properties. To reduce such defects, model network elastomers
(MNEs) have been developed by coupling the chain ends of monodisperse
polymers. We have previously shown that polyester MNE exhibited excellent
stretchability and strain stiffening due to supercoiling and strain-induced
crystallization (SIC)['], Herein, we investigate the effects of chain lengths,
dangling chains, and loops on the mechanical properties of MNEs[2l, Azide-
terminated four-armed prepolymers were synthesized by ring-opening
polymerization of 1,5-dioxepan-2-one, followed by end-group modification.
Mixing prepolymers with a strained dialkyne linker in solution yielded a gel,
which was dried to obtain an MNE. Samples with different network chain lengths
(Mx) were prepared using prepolymers with different molecular weights.
Dangling chains were introduced by lowering the conversion (p) of azide groups
through linker feed adjustment, whereas loops were introduced by end-linking
prepolymers at a concentration (¢o) below the overlap concentration (¢*). In
tensile tests, the onset of strain stiffening shifted to higher strains with
increasing My, decreasing p, and increasing @o/@". These trends can be broadly
attributed to delayed SIC caused by a looser network. Scaling analysis based on
the tension blob!3] suggested that the defects had minimal effects on the
conformation of network chains, whereas My affected it.

e, Dangling chain

l@% © ~

,,,,,,,,,,,,,, S
Network chain length //—> 2 ‘@%f\ <&
: ) ) : ’ K ° B
: CAXA & v 7
3 [ r'“ixv YA€
: : P q
N4 2 P 1S B & %//N

< W Strain-induced crystallization
Model network . e ' 2 '
elastomer : { < log (A-4%)
i § z & P —

Loop

[1] S. Nakagawa et al., Advanced Materials 35 (2023) 2301124.
[2] R. Sasaki et al., Macromolecules, 58, (2025) 13180-13190.
[3] P. Pincus, Macromolecules 9, (1976) 386-388.




