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Abstract 
 
Engineering Energy Flow in Hybrid Nanostructures for Plasmonic Catalysis and Beyond  

Heterogeneous catalysts play a critical role in pollution mitigation, energy production, and chemical 
conversion. However, catalytic processes are often run at high temperatures to achieve reasonable product yields. 
These high operating temperatures result in significant drawbacks, including low energy efficiency and long-term 
stability issues. Recently, demonstrations of light-driven chemical transformations on plasmonic metal 
nanoparticles have led to the emergence of the field of plasmonic catalysis. The excitement surrounding plasmonic 
catalysis stems from utilizing light drive catalytic processes at lower temperatures than their conventional 
counterparts. These low operating temperatures improve the catalysts' energy efficiency and long-term stability. 
Additionally, light-driven processes have the potential to activate chemical bonds using electrons instead of heat. 
This mechanism potentially allows plasmonic catalysts to activate more selective reaction pathways unavailable in 
temperature-driven catalysis. 

Despite its potential, the main roadblock limiting the utilization of plasmonic catalysts is that 'plasmonic 
metals' (e.g., Ag, Au, Cu) exhibit inherently low chemical reactivity compared to 'catalytic metals' used in industry 
(e.g., Pt, Pd, Ru). Researchers typically address this problem by synthesizing bimetallic nanoparticles consisting of 
a plasmonic metal either alloyed or decorated with small clusters of a catalytic metal. While this seems like an 
attractive approach, these systems are inherently limited because both components are exposed to the reactant 
molecules and can potentially act as active sites for photochemistry. This makes it challenging to 1) show 
photochemistry is being driven exclusively on the catalytic metal, and 2) identify the mechanism by which the 
plasmonic metal transfers light energy to the catalytic metal. These limitations inhibit the rational design of 
industrially relevant plasmonic catalysts. 
 This work presents the first demonstration 
of light-driven catalysis occurring exclusively on a 
catalytically active (non-plasmonic) metal 
surface.1 We achieved this by developing a 
synthetic method to encapsulate plasmonic Ag 
nanocubes with a few atomic layers of catalytically 
active Pt (Figure 1a and 1b), effectively 
decoupling the optical/chemical functions of the 
nanoparticles. This decoupling allowed us to 
determine that Ag selectively deposits light energy 
directly into the catalytically active Pt surface, 
bypassing typical efficiency loss pathways.2-3 We 
then demonstrate the utility of these nanoparticles 
for industrially relevant chemistry via the study of 
preferential CO oxidation in excess H2. This 
reaction is essential for purifying H2 streams 
needed for industrial feedstocks. We show that the 
reaction is catalyzed by light, and exclusively 
occurs on the Pt surface (Figure 1c). We then use our insights to extend these core-shell materials to other light-
harvesting applications outside photocatalysis.4-5 Overall, this work provides a framework to tune plasmonic and 
catalytic metal combinations to maximize their photocatalytic efficiency. These insights not only allow for the rational 
design of industrially relevant photocatalysts, but also provide a basis for developing other technologies relevant to 
mitigating climate change (photovoltaics) and beyond (photodetection, sensing, etc).4-5 
 

 
  
 


