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Abstract: My group focuses on investigating and controlling light-matter interactions at the nanoscale, and 
using light to probe local environments. We are particularly interested in understanding the nano- and 
meso-scale interactions between localized states in materials, and relating these properties with system 
and device functionality. We do this by correlating spatially-dependent physical properties (e.g. electronic 
structure) with chemical and/or biological information (e.g. molecular composition, reaction rates and 
dynamics) and morphological structure. We use two main approaches for optically sensing and probing 
properties at the nanoscale: One is hyperspectral near-field microscopy, and I will spend a majority of this 
talk describing the first nano-optical investigation of 2D transition metal dichalcogenides (TMDCs). By 
using plasmonics to establish a solution to the “nanospectroscopy imaging” problem for these materials, 
we cross the boundary from insufficient to sufficient resolution, mapping critical optoelectronic properties in 
these exciting materials at their native length scales. In doing so, we uncover new optoelectronic regions 
and spatially-varying features in MoS2 that were hidden in prior optical studies. These findings have broad 
implications for the development of atomically thin transistors, quantum optical components, 
photodetectors and light-emitting devices based on high-quality ML-TMDCs. 
 
Our second approach is based on single-molecule-level imaging. Here, I will describe our development of 
a novel type of luminescent nanocrystal, upconverting nanoparticles (UCNPs). While there has been 
significant progress in building microscopes able to image single molecules with increasing sensitivity and 
resolution, an ongoing critical challenge is the development of luminescent probes with the photostability, 
brightness, and continuous emission necessary for single-molecule sensing and imaging applications. 
Lanthanide-doped upconverting nanoparticles (UCNPs) overcome problems of photostability and 
continuous emission, but their brightness has been limited by a poor understanding of energy transfer 
within the nanocrystal and an unavoidable trade-off between brightness and size.  I will discuss our novel 
design paradigm that has resulted in UCNPs that are an order of magnitude brighter under single-particle 
imaging conditions than the brightest existing compositions, allowing us to visualize single UCNPs as 
small as fluorescent proteins. Finally, I will finish by with our initial attempts at applying these nano-probes 
to deep-tissue biological sensing and brain imaging. 
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