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Abstract

Due to its properties porous silicon is a material with high potential to be applied in bio-delivery carriers and biosensors. To enhancement 
the capacity of porous silicon as biosensor, gold nanoparticles are introduced in its structure. One of the most used methods to obtain porous 
silicon/Au nanoparticles is metal salt-assisted chemical etching. The high surface of porous silicon matrix and the Au nanoparticles allow 
the increment of the sensitivity of the biosensor. This structure can be use as platform to got a biogenic amine optic biosensors. This kind of 
sensors (optic) are based on the changes of the signals related to the reactions between biogenic amines and the recognized element used 
(diamine oxidase).
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Introduction
Porous silicon (PS) is a very promising material due to 

their interesting optical (luminescence at room temperature), 
electrical (change of the resistivity) and chemical properties 
(this kind of structures possess high surface area, and their open 
structure allows high reactivity). PS can be obtained by chemical 
etching in a solution of hydrofluoric acid (HF) and ethanol [1]. 
These porous structures are excellent candidates for devices in 
the fields of optoelectronics [2], biochemical [3], and biosensors 
[4]. The different characteristics of the PS as pore diameter and 
thickness can be controlled by the etching parameters (current 
density and time of etching) [1]. After the etching the internal 
surface of PS is hydrogen-terminated, which allows immobilize 
biomolecules [5]. Thanks to its properties, PS can be applied as 
a platform in the objection of optic or electronically biosensors. 
On the other hand, due to properties as: large surface area, 
scattering and absorption of visible light, high density of 
electrons and catalytic properties; gold nanoparticles has been 
used as catalyst [6], biosensor, bioanalytical element [7] and 
electrochemical detection platform [8]. For these reasons, the  

 
incorporation of gold nanoparticles in the structure of PS is with 
the objective of increase the sensibility of biosensors [9]. One of 
the areas where the application of biosensors is essential is in 
the food industry, especially in the quality control. 

In recent years biogenic amines (BA) have been related 
with food intoxications. Because to their psychoactive or 
vasoactive effect as well as their use as quality standard in food. 
The principal symptoms that the BA produces are: skin rash, 
epigastric pain, disturbances of the gastrointestinal tract (this 
kind of health problems are treated with antihistamines). For 
these reasons BA are used as indicator for food quality. BA is 
produced by microbial decomposition in food with high content 
of proteins. Other important factors in BA generation are the 
maturation and storage of foodstuff (fish, meat, cheese, beer, 
wine, etc.) [10]. The quantity of BA in food is directly related 
with the biological process involved in the production process 
through which was obtained. BA such as putrescine, cadaverine 
and histamine are decomposition products of lysine, ornithine 
and histidine respectively. 
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The consumption of large quantities of histamine could 
lead to scombrotoxicosis, while other BA is related to effects 
in respiratory distress, nausea, hyper or hypotension, as was 
mentioned before. For these reason is important to develop BA 
biosensors with high sensitivity. Actually there are different 
methods to measure the presence of BA, for example, histamine 
has been sensed by derivatisation with fluorescent reagents 
followed by chromatographic separation [11]. This method is 
tedious and required trained personal besides of expensive 
equipment. Other methods to measure the presence of BA are 
immunochemical methods, capillary electrophoresis and gas 
chromatographic methods, all these methods required long time 
of analysis and expensive equipment [11]. To reduce the time 
of BA sensing, some enzymatic methods and enzyme biosensors 
have been applied [11,12]. The objectives of the enzymes were 
the immobilization of the BA. This kind of biosensor shows 
advantages such as rapid analysis and few sample preparation. 

Introduction of gold nanoparticles in PS

Figure 1: SEM image obtained with secondary electrons. The 
inset inside of the image is a composite signal of secondary 
(topographic information set as green color) and backscattered 
electrons (atomic number contrast image set as red). Thus, the 
brightest points on images are gold nanoparticles.

Several methods have been implemented to obtain 
porous silicon layers with metals in its structure, such as, 
sputtering, chemical vapor deposition, or by wet processes 
like, electroplating, electrolysis, plating, and immersing plating. 
Among these methods, Metal salt-assisted chemical etching is 
an easy and a low cost technique used to introduce metals in 
the PS surface [13]. Besides of this, the process of metal salt-
assisted chemical etching is rather simple and very fast. This 
technique is similar to the commonly used electrochemical 
attack in the PS manufacturing; but, in this process, using metal 
salt in the electrolyte. Additionally, it allows the tuning of the 
properties in PS with physical parameters (thickness, pore 
diameter, and doping level) [14]. Thickness can be controlled 
through the etching time; pore diameter is controlled by the 
used electrolyte; and doping level is controlled by the amount 

of metal salt supplied [14]. The size of the gold nanoparticles 
can be around 20 nm and the pore size around 1.5 µm. With 
help of SEM analysis can be demonstrate the incorporation of 
Au nanoparticles in PS structure, Figure 1, and X-ray energy 
dispersive spectroscopy (EDS) can confirm the introduction of 
gold nanoparticles. Raman spectroscopy obtained from PS and 
PS/Au samples, Figure 2, show an increment of the intensity 
which can be related to the surface enhancement originated 
by the Au presence in the surface [14,15]. This effect is very 
important in the amine detection process due to the increment 
of the signals related with the enzymatic reaction used to sensing 
the quantity of AB in food.

Figure 2: Raman spectra for PS (PS1) and PSAu (PSAu1-
PSAu4) samples with different quantities of Au in the surface 
[14]. The presence of Au in the PS origin an increment in the 
signal related to the Si (520 cm-1). This can be related to the 
surface enhancement effect originated by the Au presence in 
the surface.

Conclusion  
Porous structures with gold nanoparticles in its structure 

are excellent candidates for to be used as biosensors platforms 
since contribute to enhance their optical and chemical features. 
It is known that the correctly incorporation of some metal 
atoms and nanoparticles help to increase the luminescent 
emission, passivity the surface of the PS and even increase 
their conductivity, necessary characteristics to enhancement 
the sensivity of biosensor. The correct introduction of gold 
nanoparticles in the PS structure open the possibility to be 
used as a biosensor template and improve the performance of 
optoelectronic devices developed with PS.
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