Unique mechanical properties of model network elastomers

driven by supercoiling and strain-induced crystallization
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Conventional elastomers are prepared by random cross-linking of flexible polymer chains.
This process leads to various types of defect in the network structure such as nonuniform
network chain length. The defects can be reduced by forming a network via end-linking of
monodisperse precursor polymer. Such a network is referred to as model network. Despite
its significance as a model system, the potential of model network elastomers as a high-
performance material has been rarely explored. In this presentation, | introduce our recent
studies on the unique and excellent mechanical properties of model network elastomers.

We synthesized a model network elastomer consisting of amorphous aliphatic polyester.
Monodisperse star-shaped polyester prepolymers were synthesized by ring-opening
polymerization followed by end-group modification. The prepolymer in solution was end-
linked to form a gel, which was subsequently dried to obtain a solvent-free model network
elastomer. The elastomer showed not only excellent stretchability (stretch ratio at break
~19) and strength (stress at break ~26 MPa) but also extraordinary strain stiffening
capability. That is, the initially low stress increased abruptly when the material was
stretched beyond a certain strain. The apparent stiffness showed more than 2,000-fold
increase. This level of strain stiffening has never been observed in any known soft
materials.

Detailed analyses revealed two key factors for the unique mechanical response of the
model network elastomer. The low stress and high stretchability before the strain stiffening
was due to supercoiling. Supercoiling is a phenomenon in which network chains adopt a
highly collapsed conformation upon removal of solvent from a network. On the other hand,
the large strain stiffening was caused by strain-induced crystallization (SIC) of the network
chains, as revealed by an in situ X-ray scattering analysis. The amorphous network chains
partially crystallized under large strains, inducing a significant stress upturn.Although both
supercoiling and SIC have already been known for a long time, the combination of the two
phenomena resulted in the unique, unprecedented mechanical properties of our model
network elastomer.
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