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Polymer networks have been engineered with a primary focus on bulk
properties such as elasticity and dissipation. In biomedical adhesives, this bulk-
centric perspective has enabled the development of tough adhesives whose
adhesion performance can be rationally tuned through bulk dissipation [1]. Our
recent work established quantitative scaling relationships linking fracture
energy to bulk polymer network parameters, revealing how swelling mediates
elasticity, fracture, and adhesion properties [2]. These insights provide a
foundational framework connecting polymer network physics to adhesive
performance.

However, many biomedical challenges—such as adhering to soft, hydrated, or
brittle tissues—cannot be resolved by bulk network design alone. We vision
that adhesive intelligence emerges when polymer networks are deliberately
engineered at the interface, forming a distinct yet coupled interfacial polymer
network that governs crack initiation and propagation. Building on this
concept, we introduced a strategy to program hydrogel adhesion through
engineered interfacial network topology [3]. By enabling slip-like interfacial
entanglement between polymer networks, we achieved dynamic, rate-
dependent, and controllable adhesion without relying on permanent covalent
bonding. In subsequent work, we further demonstrate that coupling interfacial
entanglement with viscous liquids enables anomalous tough adhesion on brittle
and delicate tissues, a regime previously inaccessible to existing adhesive
technologies. By fine-tuning the interfacial polymer network and its viscoelastic
response, crack propagation can be confined to the interface and prevented
from kinking into fragile substrates, thereby protecting substrate integrity
while maintaining high adhesion energy.

Together, my talk highlights hierarchical network engineering across bulk and
interfaces. This perspective opens new opportunities for next-generation
biomedical adhesives that adapt, dissipate energy, and protect living tissues
through programmable polymer network topology.
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