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Abstract 
 

Aluminum nanostructures support tunable surface plasmon resonances and have 
become an alternative to gold nanoparticles. While gold is the most-studied plasmonic 
material, aluminum has the advantage of high earth abundance and hence low cost. In 
addition to understanding the size and shape tunability of the plasmon resonance, the 
fundamental relaxation processes after photo-excitation must be understood to take full 
advantage of aluminum nanostructures in various applications including photocatalysis 
and photodetection. In this work, we investigate the energy relaxation after ultrafast 
pulsed excitation and the launching of acoustic vibrations in individual aluminum 
nanodisks with varying diameters using single-particle transient extinction spectroscopy. 
We find that the transient extinction signal can be assigned to a thermal relaxation of the 
photoexcited electrons and phonons. The ultrafast heating induced launching of in-plane 
acoustic vibrations reveal moderate binding to the glass substrate and are affected by 
the native aluminum oxide layer as demonstrated by theoretical calculations (Figure 1).  
We furthermore compare the behavior of aluminum nanodisks to that of similarly 
prepared and sized gold nanodisks.  

 
Figure 1: Acoustic vibrations of 
aluminum nanodisks. (a) Time 
transients of aluminum 
nanodisks with diameters of 170 
(black), 210 (blue), 250 (red), 
290 (cyan) and 350 (magenta) 
nm pumped at 810 nm and 
probed at 650 nm. Solid lines are 
the experimental data, while fits 
for the first ~ 200 ps are shown 
as dashed grey lines. The data is 
scaled and offset for better 
comparison. (b) Acoustic 
vibration frequencies of 
aluminum nanodisks as a 
function of inverse diameter. 
Black circles: experimental data 
with error bars based on the 
standard deviation calculated 
from more than 4 nanodisks for 

each diameter. Blue squares and red diamonds: FEM simulations for the limiting cases of the nanodisks being free and 
fixed to the surface, respectively. Magenta and green lines: analytical model for the free surface case considering only 
a side oxide layer vs. a top oxide layer, respectively. (c) Schematic illustrations of an aluminum nanodisk with both top 
and side oxide layers sitting on a glass substrate as considered in the FEM calculations. (d,e) A top oxide layer (d) and 
an oxide surrounding the side walls (e) of the aluminum nanodisk were considered in the analytical model.   
 


