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The use of conventional gels is limited by their low fracture resistance and their 
short-term environmental stability. Current strategies to reinforce the fracture 
resistance of gels often involve laborious synthetic steps to provide the polymer 
network with energy dissipation mechanisms, for instance, via the inclusion of 
sacrificial networks or dynamic bonds [1,2]. The solvent has received little 
attention in this context. Deep Eutectic Solvents (DES) are an emerging class of 
solvents formed due to an abnormal melting point depression at specific 
compositions of certain hydrogen bond donors and acceptors. These typically 
viscous liquids are interesting due to their widely tunable physico-chemical 
properties, extensive network of hydrogen bonding, and low volatility [3]. 

Our research has shown that model polymer gels swollen in a DES, called 
eutectogels, have significantly different linear and nonlinear mechanical 
properties compared to their hydrogel counterparts. In particular, the fracture 
energy of the single-network eutectogels is one to two orders of magnitude 
larger than that of their hydrogel analogs, with the fracture energy of the 
toughest single-network eutectogels coming close to double-network hydrogels. 
A novel superposition principle and fracture experiments revealed that the 
network dynamics and fracture behavior have a strong correlation with the 
solvent viscosity and the occurrence of specific polymer-solvent interactions. 
These results are further supported by our molecular dynamics simulations of 
single polymer chains in DES. This work highlights the role of solvent in tuning 
the mechanical behavior of soft polymer networks and opens new avenues for 
designing soft, but dynamic and tough single-network gels. 
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