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A fluorescent porous silicon-based biosensor for small 

molecule detection
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Fluorescent porous silicon was prepared as a stable biosensor chip substrate. The aminopropyltriethoxysilane (APTES) 

molecules are attached in the pores of the porous silicon with a crosslink method, and when the molecules are added 

into the chip, the fluorescence intensity is reduced according to the concentration of the APTES. Controlled experi-

ments are also presented with the small molecule that cannot be covalently coupled, and the results show that this kind 

of sensor chip has better specificity. Compared with other conventional methods, this method is simple, quick and la-

bel-free. 

Document code: A Article ID: 1673-1905(2016)06-0478-3 

DOI  10.1007/s11801-016-6182-3 

 

 

                                                        

∗   This work has been supported by the National Natural Science Foundation of China (Nos.11264038 and 62165009), the Doctor Startup Project 
of Xinjiang University (No.BS120122), and the Reserve Talents Project of National High-level Personnel of Special Support Program (2014). 

†   LÜ Guo-dong and LÜ Xiao-yi contributed equally to this work. 
∗∗  E-mail: jzhh@xju.edu.cn 

Porous silicon is one of the most promising nanostruc-

tured silicon-based chips with large surface area. Porous 

silicon has the unique characteristics of photolumines-

cence at room temperature[1], which brings a hope for the 

realization of silicon based optoelectronic integration. 

Additionally, porous silicon has been a focus of biosci-

ence and biotechnology owing to its biocompatibility, 

biodegradability, and its pore size can be controlled[2]. 

Furthermore, porous silicon is an ideal material for vari-

ous optoelectronic sensor devices, such as chemical sen-

sors[3] and biosensors[4].  

Various types of biochemical sensors based on porous 

silicon have been widely studied in these years. Porous 

silicon-based sensors offer many advantages, such as 

ease of preparation, label-free property and they can be 

made into a variety of optical structure devices[5-7]. There 

are many studies on the porous silicon unique fluores-

cence characteristics for the detection of biological and 

chemical molecules. However, many experiments require 

fluorescent labeling[8,9]. Zhang et al[10] have developed a 

label-free biosensor based on light emitting porous sili-

con chip for determining bovine serum albumin (BSA), 

and Sailor MJ et al[11] have also used a fluorescent po-

rous silicon for the chemical molecules detection. The 

quenching of luminescence by molecular adsorbates was 

observed with simple detection process and higher sensi-

tivity. However, BSA is a large molecule and it also has 

not shown higher specificity. 

In this paper, a fluorescent porous silicon-based bio-

sensor was fabricated, and aminopropyltriethoxysilane 

(APTES), which is a small molecule commonly used in 

biosensing experiments[12,13], has been immobilized to 

the porous silicon chips with a crosslink method. When 

the APTES is added into the biosensor, the luminescence 

intensity is reduced according to the concentration of the 

APTES. Controlled experiments were also performed 

and offered high specificity. This silicon-based fluores-

cent biosensor can also be applied in many other fields. 

Fluorescent porous silicon chips were fabricated using 

electrochemical etching method on n-type silicon sub-

strates (resistivity of 1—10 Ω•cm, <100>orientation). 

The etching solution consisted of 49% aqueous hydro-

fluoric acid (HF) and ethanol with the volume ratio of 

1:1. The current density of 100 mA/cm2 was applied. 

After etching, the chip was soaked into H2O2 (30%) for 

2 h, and the substrates were rinsed with deionized water 

and dried in the air.  

After being oxidized, the chips were immersed in a se-

ries of APTES solutions with different concentrations. 

APTES was diluted in a H2O:methanol (1:1) mixture, 

and the concentration of APTES solution is between 

1.25% and 20%. Then each sensor was exposed to the 
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solutions for 20 min before being rinsed with deionized 

(DI) water and methanol, and then dried with nitrogen. 

Fluorescence spectra were measured before and after 

APTES adsorption by the excitation of Xe lamp (Hitachi, 

F-4600, and Japan) at an excitation wavelength of 

370 nm. 

The pore size of n-type silicon is larger, as shown in 

Fig.1. The average pore dimension is approximately 

500 nm, making the biomolecules into pores of porous 

silicon easy. And according to our experimental experi-

ence, compared with different types of porous silicon, 

the fluorescence properties of porous silicon we prepared 

are stronger. 

 

 

Fig.1 Top view of SEM image of the fluorescent po-
rous silicon chip 

 

The chemical reaction was analyzed by absorbance 

Fourier transform infrared (FTIR) spectroscopy. In Fig.2, 

the initial chip shows Si-H bonds around 2 125 cm-1, 

977 cm-1, 611 cm-1 and 657 cm-1[14]. After oxidation, the 

sample displays a band around 1 014 cm-1 due to Si-O 

bond formation[15]. After being preprocessed, the sensors 

were exposed to 1.25% APTES solution. As shown in 

Fig.3, the chip exhibits small band near 3 349 cm-1, 

which is attributed to -NH bonds[15]. Two other bands at 

2 887 cm-1 and 2 933 cm-1 can be attributed to -CH bonds, 

and the characteristics of APTES are easily recognized. It 

shows that APTES molecules were immobilized to the 

porous silicon chips successfully. 

 

 

Fig.2 FTIR spectra of porous silicon before any 
treatment and after oxidation 

  

Fig.3 FTIR spectrum of porous silicon after APTES 
treatment 

 

Fig.4 shows the photoluminescence (PL) intensities of 

porous silicon after being immersed into the 20% APTES 

and 10% APTES, respectively. A reduction in PL inten-

sity was detected. The intensity reduction is 537 at 

APTES concentration of 20%, while 490 at APTES con-

centration of 10%, indicating that more molecules lead to 

a greater fluorescence reduction. 

 

 
(a) 

 
(b) 

Fig.4 PL intensities of porous silicon after being im-
mersed into the (a) 20% APTES and (b) 10% APTES, 
respectively 

 

Control experiments were performed by using 10 g/L 

NaCl solution. Fig.5 shows that there is no detectable 

reduction in PL intensity after immersing porous silicon 

into the NaCl solution, which indicates that there is spe-



                                                                           Optoelectron. Lett. Vol.12 No.6 ·0480· 

cific absorption of APTES inside the porous silicon pores. 

The red-shift of the PL spectrum in Fig.5 is shown, 

which may be related to the oxidation of the quantum dot 

in the center of the fluorescent porous silicon. 

 

 

Fig.5 PL intensities of porous silicon before and after 
being immersed into 10 g/L NaCl solution 

 

Fig.6 shows that the reduction of the fluorescence in-

tensity is as a function of the APTES concentration and 

the fluorescence intensity decreases with increasing the 

concentration. All the experiments were undertaken in 

triplicate. 

 

 

Fig.6 PL intensity reduction after immersing samples 
into APTES with different concentrations  

 

The reduction in fluorescence intensity is supposedly 

caused by the APTES reaction on porous silicon and it is 

generally believed that the fluorescence quenching of  

porous silicon is the formation of non-radiative recom-

bination centers of APTES on the porous silicon sur-

face[11]. As the surface chemical property has changed, 

the fluorescence intensity is likely absorbed by the 

molecules. Optimization experiments are in progress to 

investigate the relationship between porous silicon fluo-

rescence and biological molecules. 

In conclusion, we have successfully fabricated a fluo-

rescent porous silicon-based biosensor for simple and 

rapid small molecule detection. Compared with the con-

ventional techniques, our sensor chip is quick, label-free 

and specific. The experiments can pave the way for the 

development of simple porous silicon fluorescence sen-

sor that can be applied in many fields. 
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