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Shape-Specific Alignment Strategies for Liquid Crystal Elastomers: From Colors to Soft Robotics

Jong Bin Kim (2&41), kchin2@seas.upenn.edu
University of Pennsylvania

AM 10:50 - 11:40

ABSTRACT: Liquid crystal elastomers (LCEs) offer an unparalleled platform for designing smart materials, yet a
fundamental trade-off persists between achieving sophisticated molecular order and maintaining macroscopic
structural integrity. In this work, | present a novel suite of shape-specific alignment strategies that decouple
low-viscosity molecular mobility from structural stability, minimizing the aid of external templates that con-
strain shape or alignment. These strategies are showcased through two distinct pathways. First, | demonstrate
the air-interface-mediated directed assembly of cholesteric LCEs within microtube architectures, where the
oligomeric precursor’s viscoelasticity facilitates both shape retention and mesogen assembly. Upon crosslink-
ing, structural colors from the cholesteric phase and an inflatable tubular structure establish a 3D reconfigur-
able mechanochromic platform, enabling multi-mode responses from a single material. The synergy of molecu-
lar anisotropy and tubular geometry provides unprecedented strain sensitivity across the visible spectrum,
allowing for sophisticated optical signaling that outperforms traditional films or fibers. Second, | present the
development of bio-inspired soft robotics using fibers with complexly encoded alignment to mimic sophisticat-
ed biomimetic movements. By applying multi-mode mechanical encoding to partially crosslinked LCE matrices,
| have engineered individual fibers that are architected to collectively generate targeted movements through
their assembly. The influence of dangling chain migration on molecular alignment during flexural encoding is
investigated, enabling the development of legged soft robots with versatile postural freedom and high-speed
locomotion. Ultimately, these strategies establish a new design paradigm for programmable, stimuli-respon-
sive soft architectures.

Magnetic Nanoparticle-Mediated Control of Self-Assembly Pathways in Colloidal and Crystalline Materials

Jisoo Jeon (FX|%), jisoojeon0309@gmail.com
The research institute of industrial science, Hanyang University

ABSTRACT: Self-assembly of nanoscale building blocks offers a powerful route to fabricate hierarchical materi-
als with emergent optical, mechanical, and transport properties. However, conventional self-assembly is largely
governed by intrinsic interparticle interactions and diffusion-limited processes, making it difficult to dynami-
cally control orientation, spatial organization, and structural anisotropy across multiple length scales. Here, we
introduce a magnetic field-mediated assembly strategy in which magnetic nanoparticles (MNPs) act as active
intermediaries that translate external magnetic fields into localized forces, flow fields, or nucleation templates.
This approach enables programmable control over assembly pathways rather than merely aligning preformed
structures. In cellulose nanocrystal (CNC) suspensions, rotational magnetic fields generate azimuthal shear
flow through magnetophoretic MNP coupling, producing highly ordered local chiral architectures and produc-
ing centimeter-scale, helicity-programmable chiral photonic films. In contrast, in metal-organic framework
(MOF) systems, static magnetic fields induce the preassembly of MNP chains that act as one-dimensional nucle-
ation scaffolds, directing interfacial growth of ZIF-L platelets into anisotropic, chain-like superstructures
extending hundreds of micrometers. The resulting architectures exhibit interpenetrated, high-aspect-ratio
morphologies. In addition, because the core of each ZIF-L chain cluster consists of arranged MNP chain, these
chain clusters possess a larger net magnetic moment under an applied magnetic field. This increased magnetic
response enables rapid field-driven rotation, fluid mixing, and particulate capture during dynamic magnetic
actuation. These results establish a generalizable framework for magnetic nanoparticle-mediated regulation of
self-assembly across fundamentally distinct material classes, enabling programmable anisotropy, hierarchical
order, and field-responsive functionality at the mesoscale.

eI ByIE

The Polymer Society of Korea

©)



