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From Surface Forces to Functional Materials:
Exploring Soft Matter in Nanoscale Confinement

ABSTRACT: The behavior of complex fluids undergoes a profound transformation when
confined to nanoscale geometries. A fundamental comprehension of the emergent forces
and dynamics under such extreme confinement is paramount for advancing applications
ranging from catalysis and lubrication to energy storage and the fabrication of novel soft
materials. This presentation will elucidate how varying degrees of nanoconfinement influence
the structural organization and interfacial properties of diverse soft matter systems,
encompassing both synthetic and biological materials. The first part of the presentation will
focus on the nanoconfinement-induced intermolecular interactions of ionic liquids, detailing
their intricate molecular orientation, organization, and assembly at interfaces, and the
resulting impact on their rheological properties. The second part will shift to biological
macromolecules, exploring the mechanisms that govern the self-assembly of silk fibroin
proteins into hierarchical structures across multiple length scales. The presentation will
conclude with a forward-looking perspective on how these fundamental insights can inform
the rational design of these two critical material classes with precisely tailored interfacial
properties, ultimately enabling the creation of superior functional materials and devices.
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