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The elasticity of gels has long been considered to be dominated by entropy elasticity,
with negligible energy elasticity, however, recently it was found that Tetra-PEG hydrogels
exhibit negative energy elasticity, which is believed to arise from solvent/network
interactions [1]. To clarify the meaning of the energy elasticity experimentally, we prepared
Tetra-PEG ion gels containing various ionic liquids (ILs) and determined their energy
elasticity. By comparing x parameters, excess activation enthalpy, and second virial
coefficients of PEG/IL systems, we experimentally revealed the relationship between the
energy elasticity and solvent/network and network/network interactions.

All ion gels exhibited negative energy elasticity, and its magnitude varied significantly
depending on the IL species; the ion gels with hydrophobic ILs showed weak negative
energy elasticity, whereas those with hydrophilic ILs showed strong negative values. The
relationship between the energy contribution to gel elasticity (Ge/G) and both excess
activation enthalpy and the x parameter revealed that ILs in ion gels with large negative
energy contributions interact more strongly with PEG, demonstrating that the energy
contribution reflects IL/network interactions. Furthermore, the energy contribution
decreased with increasing second virial coefficient, indicating stronger network/network
interaction. On the other hand, uniaxial tensile stress-strain curves indicated that ion gels
with smaller negative energy contributions exhibited higher fracture energy. These results
suggest that the energy contribution to gel elasticity is related to solvent/network and
network/network interactions, as well as the mechanical strength of the gels.
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