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Abstract 
Polymeric materials offer unique opportunities to translate molecular-scale chemical 

events into functional responses across larger length and time scales. Our group 

develops responsive materials in which macromolecular architecture couples molecular 

recognition with optical and structural responses. By controlling the placement and 

organization of responsive motifs within polymeric systems, we seek to amplify 

molecular-level reactions into adaptive behaviors that operate across space, time, and 

scale. In this talk, I will describe our efforts to apply this framework to peroxynitrite 

(ONOO⁻), a highly reactive marker and mediator of oxidative stress. Conventional 

small-molecule peroxynitrite-responsive probes provide rapid fluorogenic detection but 

are limited by diffusion, transient signals, and single-use reactivity. To overcome these 

limitations, we incorporate benzopyrylium-based activity sensors into well-defined 

polymer architectures using ring-opening metathesis polymerization (ROMP). 

Polymerization provides control over probe localization, persistence, and signal 

integration while retaining a fluorogenic response to peroxynitrite. We further 

investigate how peroxynitrite recognition can drive changes in polymer structure and 

assembly, coupling optical reporting with material adaptation. Together, these systems 

establish design principles for extending molecular sensing through polymer 

architecture, with the goal of mapping peroxynitrite dynamics during oxidative stress 

and transitions between apoptotic and necrotic cell death. 
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