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Liquid metal (LM)- integrated elastomeric composites are a breakthrough in soft, 

multifunctional materials with immense transformative potential, leveraging innumerable 

possibilities for high-end engineering applications. LMs, such as the eutectic gallium-indium 

alloy, mitigate longstanding filler-matrix modulus mismatch issues in rigid filler-based 

composites while imparting immense functionality [1]. However, the challenge that remains 

in the fabrication of such promising materials lies in fundamental issues of phase 

incompatibility and the lack of interaction between the polymer and the LM, leading to critical 

failures during fabrication. In this work, we report a novel hybrid material by integrating an 

eutectic gallium-indium LM alloy into different thermoplastic elastomeric (TPE) matrices, 

which are further hybridized with carbonyl iron particles, resulting in a soft, ultra-stretchable 

hybrid elastomer architecture that exploits the H-bonding interaction between LMs and 

TPEs[2]. The incompressible nature of the LM-inclusions exhibits synergistic adaptative 

deformation with the elastomer matrix, imparting ultra-stretchability and reduced hysteresis 

loss while inducing multifunctional attributes such as outstanding dielectric permittivity, 

thermal conductivity, and robust piezo-responsiveness. The experimentally determined 

results are also theoretically validated using Eshelby’s and modified Eshelby’s approach, 

the modified Cole-Cole model, and the Bruggeman formulation [2, 3]. Henceforth, this work 

provides a cost-effective, facile, and scalable approach to construct smart multifunctional 

composites for soft matter engineering.  
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