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            “Structural influences on the optical properties atomically thin metals” 
 
Recent advances in understanding structure-dependent optical properties of plasmonic 2D metals will be described. 
Using a process known as confinement heteroepitaxy, non-traditional plasmonic metals can be formed and kept 
stable for several months. A unique feature of metals formed in this manner is the ability to generate materials that 
support both classical plasmon modes (in-plane) and discrete quantum excitations (out of plane). This multifaceted 
behavior results because the heteroepitaxy process generates 2-D metal films while confining axial growth to a few 
atomic layers, and hence, yielding inter-dimensional materials. As a result, both the quantum and classical aspects 
of these systems can be leveraged for tailoring material properties. In particular, inter-dimensional group III metals 
(e.g. Ga and In) show extraordinary optical and electronic properties. In the case of gallium and indium, we observe 
nonlinear 𝞆2 values that are 103 larger than values typical for colloidal 3-D gold, and approximately 500x larger than 
for industrial standards, such as LiNbO3. These outstanding optical properties originate from multiple sources, 
including persistent plasmon coherence times, suppressed inter-band scattering by group III metals (w.r.t. gold), and 
intrinsic symmetry breaking at the metal-substrate interface. Many of these advances were made possible by the 
combined use of spatially resolved coherent nonlinear optical spectroscopy and correlative structural probes. 
Strategies for leveraging the unique properties of these inter-dimensional metals for controlled energy transfer will 
be described. Progress toward understanding energy transfer from these metals to molecular and semiconducting 
substrates will also be presented.   
 
 
 

Kenneth L. Knappenberger, Jr. is a Professor of Chemistry at The Pennsylvania State University where he leads 
a research effort focused on development and use of laser spectroscopy methods for understanding electronic carrier 
dynamics nonlinear optical phenomena in metals and plasmonic materials. He was a postdoctoral researcher at 
University of California, Berkeley (2005-2008) and earned his PhD at The Pennsylvania State University in 2005. He 
started his independent career at Florida State University (2008−2017) and became Head of the Magneto-optics 
Program at the National High Magnetic Field Laboratory, Tallahassee in 2016.  
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