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In recent years, surface-enhanced Raman scattering 
(SERS) has garnered a lot of attention due to its high 
potential to be utilized in chemical and biological 
sensing as well as biomedical diagnostics.  
 
In this work, the development of nanobowled 
aluminium (Al) platforms for SERS applications is 
presented, recreating the interesting honeycomb 
configuration on an Al substrate and its adaptable 
functionalization [1,2]. The initial formation of a 
nanoporous anodic alumina (NAA) sacrificial layer 
allows the tuning of the self-ordered nanobowls 
distribution on the Al surface. Using phosphoric acid 
and oxalic acid electrolytes, an anodization technique 
that consisted of two steps was utilized in order to 
create the NAA initial layer. Al nanobowls with 
diameter of ~500 nm were obtained with phosphoric 
acid electrolyte. In this case, a self-ordered pore 
structure of NAA was created by hard anodization 
with phosphoric acid of the Al templates at a voltage 
of 195 V [3]. The second step of the anodization 
process was carried out for a period of three hours 
while maintaining the same temperature and voltage 
parameters. Al nanobowls with diameter of ~100 nm 
were obtained with oxalic acid electrolyte, by applying 
40 V for both anodization steps.  
 
In order to obtain the nanobowls morphology at the 
surface of the Al template, the NAA substrates were 
submerged in a stirred aggressive combination of 
chromium trioxide (0.2 M) and phosphoric acid (0.42 
M) for two hours while the temperature was 
maintained at 70 ºC. The resultant Al nanoconcavities 
are presented in Figure 1. For further 
functionalization, the resultant Al substrates were 
sputtered with gold for 120 s followed by thermal 
annealing at 400 °C for 1 h (Figure 2). The sputtering 
time and thickness of the gold film, followed by the 
shape of the aluminium template, are the factors that 
determine the size of the resultant nanoparticles, as 
the gold layer interacts with the topography of the Al 
nanoconcavities [4].  
 
The findings of this study demonstrate an effective 
and robust process for assembling gold nanoparticles 
onto dense nanoarrays that were manufactured by 
electrochemical means. These nanoarrays have a 
shape similar to honeycombs and have a high spatial 
resolution. Experiments have been conducted to 
assess their plasmonic characteristics across a broad 
spectrum, ranging from the visible to the near-infrared 

area. These results have demonstrated that they are 
effective substrates for very sensitive applications, 
particularly for SERS [5,6]. Hypothetically, these 
interstitial spots were caused by concentrated 
electromagnetic fields that were coupled with intense 
localized surface plasmon resonance [7,8]. It is 
necessary for the nanoparticles to have a shorter 
separation distance in order for interparticle plasmon 
coupling to take place. This will result in a large rise 
in the near field intensity as well as SERS or an 
increase in the sensitivity of the LSPR refractive index 
[8,]. These fascinating substrates are highly helpful 
for SERS studies to detect various probe molecules, 
such as 4-Mpy, and antibiotics as well, owing to their 
high enhancement factor for low concentration. 
These prepared substrates have the potential to be 
functionalized and control morphological parameters 
that could be employed in various further applications 
in the sense of detection and sensing platforms.  
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Figure 1. Top view FESEM image of Al nanobowls with 
diameter ~500 nm, obtained with phosphoric acid 
electrolyte. 
 
 
 
 

 
 
Figure 2. Top view FESEM image of Au nanoparticles 
formed in the Al nanobowls after thermal annealing. The 
diameter of the nanobowls is ~100 nm.  
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