Highly Stretchable PDMS Ring Networks
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Silicone elastomers have been widely investigated for applications in soft robotics,
actuators, and wearable devices, due to their exceptional elasticity and mechanical
resilience [1][2]. Silicone elastomers comprising concatenated ring structures represent a
notable class of highly elastic materials, capable of achieving ultimate strains above 1000%
in the absence of conventional covalent crosslinking [3].

In this study, ring-based networks were synthesized via condensation curing of silanol-
terminated poly(dimethylsiloxane) (PDMS). A low molecular HO-PDMS-OH precursor
(~1400 g mol'), was selected in combination with a tin-based catalyst, resulting in the
formation of an elastomeric material. There is no universally accepted method for
determining whether an elastomer has a cyclic structure and is part of a ring network.
Network architecture was evaluated using "H-NMR and 2°Si-NMR to determine the presence
or absence of terminal functional groups and distinguish concatenated rings from
conventional PDMS networks. Additionally, the hydrodynamic volumes of the sol fractions
were analyzed by size exclusion chromatography (SEC). The combined results of these
methods indicate the presence of concatenated ring networks.

To maximize the material’s stretchability, key synthesis parameters were systematically
varied including the catalyst concentration, temperature, and the addition of trace amounts
of water. The preliminary results of condensation-cured silicone elastomers with
concatenated ring networks show exceptional stretchability. The mechanical performance of
the synthesized elastomers revealed an elongation at break of 1000% with a Young’s
modulus of 0.05 MPa. The pursuit of highly stretchable silicone elastomers is motivated by
their potential applications in rubber band batteries. These batteries use elastic deformation
to store energy, releasing it during relaxation. Preliminary tensile testing on a dog-bone
specimen of the synthesized elastomer indicated an energy absorption of approximately 100
mJ/g. The viability of this system depends critically on the material’s ability to combine high
elasticity, resilience, and energy density, properties inherent to silicone elastomers.
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