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Plasmonic Aluminum Core-Shell 
Nanoparticles for Photocatalysis

Catalysis is of critical importance to chemical industrial processes, contributing to an estimated 35% of global gross domestic product. Current

industrial catalytic processes are very energy intensive, requiring high temperatures to overcome the thermodynamic and kinetic thresholds of the

reaction. Presently, this energy comes from the combustion of fossil fuels. Utilizing the localized surface plasmon resonance (LSPR) effects present

in plasmonic metal nanoparticles, light can provide the necessary energy instead, lowering the overall energy draw. Plasmonic aluminum

nanoparticles coated with catalytic metal oxides were produced via colloidal synthesis. Optical activity, conformational, and compositional data

were characterized using UV-visible spectroscopy and transmission electron microscopy (TEM), and X-ray photoelectron spectroscopy (XPS).

These plasmonic-core catalytic-shell nanoparticles can be employed as photocatalysts for industrial chemical processes.
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Current industrial catalytic processes are highly energy intensive, 
requiring extreme temperatures to overcome the thermodynamic and 
kinetic thresholds of the reaction. Presently, this energy comes from 
the combustion of fossil fuels. Utilizing the localized surface plasmon 
resonance (LSPR) effects present in plasmonic metal nanoparticles, light 
can provide the necessary energy instead, lowering the overall energy 
draw. Plasmonic aluminum nanoparticles coated with catalytic metal 
oxides were produced via colloidal synthesis. Optical activity, 
conformational, and compositional data were characterized using UV-
visible spectroscopy (UV-vis), transmission electron microscopy (TEM), 
and X-ray photoelectron spectroscopy (XPS). These plasmonic-core 
catalytic-shell nanoparticles can be employed as photocatalysts for 
industrial chemical processes.  
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Synthesis and Characterization

TEM images of (a) bare Al nanocrystals, (b) Al@TiO2, and (c) Al@Pt
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Aluminum nanocrystals were 
synthesized under inert atmosphere 
using dimethylethylamine alane
precursor and titanium 
tetraisopropoxide catalyst in a mixture 
of THF and 1,4-dioxane, the ratio of 
which controls the size of the 
nanocrystals.6

Optical Activity

Experiments assessing the photocatalytic activity of these particles 
should be performed to gain insight to their activity, selectivity, and 
stability. Future studies of these materials should examine the ideal 
particle size and shell thickness, as well as investigate the catalytic 
properties of these particles. Techniques such as online mass 
spectrometry, modulated-excitation Fourier transform infrared 
spectroscopy, and ultrafast electron microscopy may be employed to 
accomplish this goal.  

XPS spectra confirming the presence of TiO2 (top) and aluminum (bottom).  

A collective electron cloud oscillation is known as a plasmon, and the  
frequency at which this occurs called the localized surface plasmonic 
resonance (LSPR).  This phenomenon causes plasmonic nanoparticles to 
have unique optical properties that can be utilized for catalysis.2,3

When a plasmonic core is combined with a catalytic coating, the LSPR 
can inject energy from the plasmon into the coating, providing the 
energy necessary to drive the reaction.4

The water splitting reaction is  
a potential carbon-free source 
of hydrogen.  This energy 
intensive process currently 
relies on electricity.  
Developing a photocatalyst 
for this reaction may reduce 
the electricity draw and 
revolutionize the production 
of hydrogen on the industrial 
scale.  Thermocatalysis → Photocatalysis

Schematic of the water splitting reaction.1


