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R2G Adhesive Metamaterials Toward Robotic Applications: Overcoming the Conflicts
and Breaking Through the Scaling Limits in Gecko and Gecko-Inspired Adhesives
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Inspired by the sophisticated fibrillar adhesive microstructures of geckos, smart dry adhesives are now widely used in
household, agricultural, and industrial applications. They offer strong adhesion when required and easy detachment
when desired. However, they are confronted with many trade-offs and limits, including adhesion strength vs. ease/speed
of detachment, adhesion strength vs. surface roughness/morphology adaptability, and scaling limits on the fibril/array
levels. Mechanical metamaterials, which mimic or extend designs found in nature, are inspiring humans to design new
materials and structures with unconventional properties. Gecko and gecko-inspired adhesives, with their ingenious
microstructures, can be regarded as metamaterials. However, with the aid of mechanical design tools, humans can push
these designs beyond what is available in nature. On the other hand, smart materials, such as shape memory polymers
(SMPs), exhibiting tunable material properties during the Rubber-to-Glass (R2G) phase transition process, are
empowering humans to develop novel devices and applications. Combining the advanced mechanical designs in
metamaterials and unusual properties of SMPs, we can have smart R2G adhesive metamaterials which show great
potential in addressing the aforementioned trade-offs and scaling limits. Herein, we briefly review recent advances on
adhesive metamaterials with an emphasis on new trends in using metamaterials to extend the workspace of smart
adhesives. Moreover, we will present recent work in our group where the adoption of SMPs combined with structural
designs are used to develop strong, switchable, and scalable R2G smart adhesives to overcome the adhesion paradox
and switchability conflict on rough surfaces and to break through the scaling limits of fibrillar adhesives, as well as the
application of these strong R2G adhesives in robotics.
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