Probing nano-bio interactions with surface-enhanced Raman spectroscopy 
Nanoparticles hold great promise for applications in drug delivery and molecular imaging. Their performance in biological environments is governed by chemical interactions at the nanoparticle surface, yet few methods are available to directly monitor the chemical transformations that occur as nanoparticles interact with and are internalized by cells. Surface-enhanced Raman spectroscopy (SERS) is a biocompatible optical technique that enables molecular fingerprinting of species at the nanoparticle surface, offering a potential route for studying chemical changes during nanoparticle endocytosis. Here, we examine the spectral changes from silica-encapsulated gold nanostars (AuNStar-SiO₂), tagged with resonant dyes, as they are endocytosed by cancer cells. Specifically, we examine how degradation of the silica shell affects signal generation from resonant dye molecules confined within the silica matrix. We show that mild biological environments with near-neutral pH can induce complete hydrolysis of the silica shell, reducing the nanoparticles to the gold nanostar core. This stripping of the nanoshell is accompanied by a decrease in the intracellular surface-enhanced resonance Raman signal, revealing chemical instability in silica-encapsulated plasmonic probes that has not previously been explored. These findings demonstrate how SERS can be used to probe chemical transformations at nanoparticle surfaces as they interact with biological environments and enter cells through endocytosis. Building on this work, my future research will apply SERS to improve our understanding of nano-bio interactions and to determine how nanoparticle structure and local microenvironmental chemistry influence nanoparticle pharmacokinetics. Ultimately, I aim to address a major bottleneck in the clinical translation of nanoparticle imaging and therapy by characterizing the full “round trip” of nanoparticles in vivo, including the chemical degradation resulting from sequestration or cellular processing. 

