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Abstract: Soft matter constructed by nature harnesses chemically complex molecular subunits to generate finely
tuned chemical, dynamical, and mechanical properties over nano- to macro-scales, motivating the use of bottom-
up strategies to realize functional synthetic materials. Here, | present how a molecule-up approach to the design of
supramolecular and covalent polymers elicits unique structure-property relationships in materials to address
urgent challenges in water treatment and plastics waste. First, | discuss the development of aramid amphiphiles,
self-assembling small molecules that incorporate a Kevlar-inspired domain to impart strong, cohesive
intermolecular interactions between molecules. Aramid amphiphiles spontaneously organize in water to form
nanoribbons with suppressed dynamic mobility and mechanical properties rivaling silk. Combining the aramid
amphiphile motif with chemistries to tune interfacial behavior enables the synthesis of high-surface-area (~200
m2/g) nanomaterials capable of treating thousands of liters of lead-contaminated water per gram of material.
Next, | explore how the molecular design of lignin-derivable methacrylates enables the chemical recycling of the
resulting covalent polymers, ‘closing the loop’ on high-glass-transition temperature (> 100 °C) materials obtainable
from industrial waste. Influences of monomer chemistry and reaction atmosphere are investigated to enable
quantitative thermal depolymerization to monomer with high purity. The reclaimed monomers are then upcycled to
narrow-dispersity and block polymers, demonstrating valorization of lignin-derivable molecules over multiple life
cycles. Employing a molecule-up approach to soft matter formulation offers a pathway to realize novel properties
in synthetic soft materials towards addressing generational challenges in sustainability.
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Materials Science and Engineering at the Massachusetts Institute of Technology, where he investigated molecular
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Research Fellowship, and the ACS CAS Future Leaders award.
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