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ABSTRACT 

 Photoluminescence characteristics are studied for Silicon dioxide doped Zinc Oxide nanoparticles, which 

were synthesized at 700oC, with Silicon dioxide less than one percent by weight. PL studies reveal strong UV 

emission at 380 nm, weak deep level emission is observed at 432 nm and 536 nm. A peak is also observed at 466 

nm, which are characteristic peaks of ZnO nanoparticles. Due to the doping of SiO2, strong  peak at 649 nm is 

observed. This shows that the synthesized material can be effectively used in optoelectronic devices. The PL 

excitation UV-Vis. absorption spectra reveals a sharp peak at 370 nm and the curve reaches a minimum at 410 nm, 

which is attributed to the doping of Silicon dioxide. The PL excitation reflectance spectra, which was done 

separately also confirms the above fact. This further confirms the size of the particles are in the nano range and it 

can be used for medical applications.  
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1. INTRODUCTION 

 ZnO is studied in optoelectronics for its ability to emit light in the ultraviolet spectral range (around 

380nm), so that it can be used in the UVLED's. Further, light emission occurs in the visible range of the spectra 

also (around 450 nm - 650 nm). This may be due to the defect emission, such as point defects, dislocations etc. The 

origin of visible emission is deep level defects: oxygen vacancies, zinc interstitials or their combination 

(Vanheusden, 1996). SiO2 doped ZnO is studied for the grain growth property and densification  of SiO2 doped 

ZnO and found that a sharp increase in activation energy was noticed from 1% to 4% Wt. of SiO2 added to the 

system (Canikoglu, 2006). Intense Photoluminescence has been observed by slightly doped ZnO in SiO2 matrix 

(Bouguerra, 2006). Hence, it is important to study the properties of SiO2 doped ZnO, with SiO2 less than one percent 

by weight. Addition of SiO2 as a dopant will increase the stability of the sample and the sample will be able to 

withstand high temperatures. Further, its properties are to be characterized for optoelectronic and for medical 

applications.  

 In this paper, ZnO is synthesized using sol-gel method and SiO2 is added while heating and annealing the 

sample. Photoluminescence (PL) studies were done to study the applications in optoelectronics and in the field of 

medicine. 

 

2. MATERIALS AND METHOD 

 Procedure for preparation of ZnO (Benhebal, 2013) was followed with modification for doping. SiO2.ZnO 

powder was prepared by sol–gel method from zinc acetate dihydrate, oxalic acid and Silicon dioxide using ethanol 

as solvent. SiO2.ZnO gel was obtained by dissolving 50.1 mmole of zinc acetate dihydrate (CH3COO)2Zn.2H2O in 

300 ml ethanol (C2H6O) and 10 mg of SiO2 and refluxing at 60oC under vigorous stirring for 30 min. 140 mmole 

of oxalic acid (C2H2O4) was mixed with 200 ml of ethanol and added to the previous solution slowly. The final 

mixture was refluxed at 50oC for 60 min before left cool down to room temperature. Finally, the SiO2.ZnO gel was 

dried at 80oC for 20 h (Xerogel), and the powder calcined at 700oC for 4h.  

Instruments used for analysis: (PL) studies were done using spectrofluorimeter JASCO FP - 8000 Series model. 

Absorption and emission studies were done using JASCO UV-VIS/NIR Spectrometer V - 700 Series model. 

 

3. RESULTS AND DISCUSSION 

 PL of SiO2 doped ZnO NPs is shown in Fig. 1. PL was studied using a dual-scanning micro-plate 

spectrofluorimeter with excitation frequency 325 nm at room temperature. Strong near band edge (NBE) excitonic 

emission, located in the UV region at 380 nm (3.26 eV) is observed. Weak deep level emission (DLE) is observed 

at 432 nm (2.85 eV), DLE is observed at 466 nm (2.67 eV) and the weak green peak due to DLE at 536 nm (2.31 

eV) in the spectra is attributed to oxygen vacancy (V0). This phenomenon is due to band transition from zinc 

interstitial (Zni) to oxygen vacancy (V0) defect levels in ZnO (Ahn, 2009). The above peaks are the characteristic 

peaks of ZnO. Usually, for ZnO samples, broad and strong green emission is observed if the synthesis involves 
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high temperatures. This is due to the filling of oxygen in the vacancies. Due to doping, in this case, the synthesis 

involves high temperature around 700oC and even at this high temperature, the peaks have become weak. This is 

due to doping of SiO2, where in SiO2 fills the vacant spaces, which will be occupied by O, if there is no doping. 

The strong DLE peak at 649 nm (1.92 eV) reported is attributed to the doping of SiO2. The doping of SiO2 does 

not cause any effect in the UV or up to green emission, the effect is seen only in the red region with 1.92 eV. The 

PL properties of the sample makes it suitable for optoelectronic applications.  

 The room temperature UV-Vis absorption spectra due to PL excitation of SiO2 doped ZnO are shown in 

Fig. 2. The spectrum reveals a characteristic absorption peak of SiO2 doped  ZnO at wavelength of 370 nm which 

can be assigned to the intrinsic band-gap absorption of ZnO due to the electron transitions from the valence band 

to the conduction band (O2p → Zn3d) ( Zak et al., 2011). In addition, it is seen from the graph that there is a sharp 

peak and at 410 nm itself, the curve reaches a minimum, which is attributed to the doping with SiO2. This also 

confirms the particles are in nanosize and the particle size distribution is narrow. Further, the absorption peak of 

SiO2 doped ZnO at wavelength of 370 nm indicates a band gap of 3.3 eV for the SiO2 doped ZnO NPs (Zak, 2011). 

The good absorption of the SiO2 doped ZnO NPs in the UV region proves the applicability of this product in such 

medical application such as sunscreen protectors or as antiseptic ointments (Harding, 2006). The applicability of 

this sample in sunscreen is evident as there is a sudden fall absorption peak which confirms that the material will 

be more efficient as a sunscreen.  

To confirm the absorption spectra, a reflectance spectra due to PL excitation of SiO2 doped ZnO NPs  is also taken 

separately and is shown Fig. 3. This also confirms that the material has a good reflectance characteristics. It reflects 

all the rays which are above 440 nm. This further confirms that the synthesized material can be effectively used in 

medical applications.   

 

 
Fig.1.PL spectra of SiO2 doped ZnO Fig.2.Absorption spectra of SiO2 doped ZnO 

 

 
Fig.3.Reflectance spectra of SiO2 doped ZnO 
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4. CONCLUSION 

 PL studies reveals that high stability is achieved due to the doping of less than one percent by weight of 

SiO2 to ZnO. Instead of Oxygen, filling the vacant spaces, SiO2 occupies the vacant spaces. PL studies reveals a 

strong NBE peak at 380 nm, which is a characteristic of ZnO. The sample shows weak DLE peaks at 432 nm and 

536 nm. A DLE peak is observed at 466 nm which are characteristic of ZnO, but, there are no strong DLE peaks 

observed in the above range. Usually, strong DLE peaks are observed in this region, if the synthesis involves high 

temperatures. In the case of doping with SiO2, even if the process involves high temperature, which is around 

700oC, the peaks which are supposed to be strong have become weak.  A strong DLE peak at 649 nm is observed 

due to doping, making it suitable for optoelectronic applications. The room temperature PL excitation UV-Vis 

absorption spectra of SiO2 doped ZnO  also show a characteristic sharp peak at 370 nm and it falls to a minimum 

at 410 nm. This claim is further confirmed by reflectance spectra separately, which makes it suitable for medical 

applications.    
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