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Polymer gels have attracted great attention owing to their potential 
applications including soft robotics and biomaterials. It is imperative to optimize 
the elasticity to carter to the specific requirements of each application. Elasticity 
of materials can be divided into the following two components: energetic 
elasticity and entropic elasticity. Conventionally, entropic elasticity has been 
considered the dominant factor in the elasticity of polymer gels, similar to natural 
rubber. Recently, our studies on tetra-branched poly(ethylene glycol) (tetra-PEG) 
hydrogels with highly homogeneous network structures have revealed the 
existence of significant negative energetic elasticity, challenging the 
conventional understanding of polymer gel elasticity.[1]  The existence of 
negative energetic elasticity has been also experimentally and theoretically 
suggested in various polymer gels.[2] However, it remains unclear whether 
negative energetic elasticity exists in conventional polymer gels with 
inhomogeneous network structures. Investigating the existence of negative 
energetic elasticity in inhomogeneous polymer gels is crucial for developing 
accurate models to predict and control their mechanical properties. In this study, 
we investigate the elasticity of poly(N,N-dimethylacrylamide) (PDMAAm) 
hydrogels with inherently inhomogeneous network structures prepared by free 
radical polymerization, focusing on the existence of negative energetic elasticity. 
By measuring the temperature 
dependence of the shear modulus, we 
found that significant negative 
energetic elasticity exists in PDMAAm 
hydrogels, which was tunable by the 
network structure parameters 
(Figure). 
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