
International Conference on Recent Advancements in Materials  
(ICRAM) 2015 

Journal of Chemical and Pharmaceutical Sciences  ISSN: 0974-2115 

JCHPS Special Issue 11: October 2015    www.jchps.com Page 114 

Synthesis and characterization of silicon dioxide doped zinc oxide 

nanoparticles 
Ramanathan R1*, Ramasamy R2  

1Department of Physics, Government Arts College, Kulithalai, India. 
2Research and P.G. Department of Physics, National College (Autonomous), Tiruchi, India. 

*Corresponding Author:Email:raoram72@gmail.com; Ph: 9443445594 

ABSTRACT 
Silicon dioxide doped Zinc Oxide nanoparticles are more stable at high temperatures.  In this paper, we 

have synthesized Zinc Oxide doped with Silicon dioxide nanoparticles at 700oC and it was characterized.  FTIR 
studies were made for confirming the presence of Zinc Oxide and Silicon dioxide in the sample. XRD was taken 
on the sample and the crystallite size was determined to be 37.5 nm, which is in the nanoscale. Morphology of the 
sample was studied using SEM, which shows evenly shaped particles. Composition was determined using EDAX, 
which confirms the presence of Zinc, Oxygen and Silicon. 
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1. INTRODUCTION 
 Zinc Oxide (ZnO) is a multifunctional material which has high chemical stability, high electrochemical 
coupling coefficient and it has high photo stability and broad range of radiation absorption (Segets, 2009 and Lou, 
1991). ZnO is a group II-VI semiconductor and its broad energy band (3.37 eV), high bond energy (60 meV) and 
high thermal and mechanical stability at room temperature make it attractive for potential use in electronics, 
optoelectronics and laser technology (Bacaksiz, 2008). There are several advantages of using ZnO and SiO2, which 
are abundantly available and its low cost. Further, ZnO is considered being non-toxic, bio-safe and biocompatible 
(Klingshirn, 2010). Silicon dioxide (SiO2) is the most abundant oxide material on the earth's crust. Silica is a group 
IV metal oxide, which has good abrasion resistance, electrical insulation and high thermal stability. It is non-toxic 
and biocompatible. In this paper, ZnO is synthesized using sol-gel method and SiO2 is added while heating and 
annealing the sample. A uniform sample of ZnO doped with SiO2 nanoparticles (NPs) is obtained which is 
investigated for its physiochemical and morphological properties. 
2. MATERIALS AND METHODS 
 Zinc acetate dihydrate Zn(CH3COO)2 2(H2O), Oxalic acid C2H2O4, Ethanol C2H6O and SiO2 were used for 
the synthesis of SiO2 doped ZnO NPs. They were procured from SDFine Chemicals and they are analytical grade 
chemicals. They were used without further purification. 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: Both morphological analysis and elemental analysis were performed using 
WEGA3 TESCAN, which is an integrated tool for Scanning Electron Microscope (SEM) and Energy Dispersive 
X-Ray Analysis (EDAX) analysis. X-Ray Diffraction (XRD) of the sample was performed using Rigaku Ultima 
III XRD. The Fourier Transform Infra-Red (FTIR) Spectra were recorded using FTIR spectrometer Perkin Elmer 
make for vibrational analysis of the samples and to confirm the compounds present in the sample. The range of 
scanning was from 400 cm-1 to 4500 cm-1. 
3. RESULTS AND DISCUSSION 
 XRD result of SiO2 doped ZnO NPs is shown in Fig. 1.  All the characteristic peaks of synthesized ZnO 
nanoparticles could be observed and were very consistent with the standard values as in JCPDS card 36-1451, 
indicating that the ZnO nanoparticles are of the hexagonal wurtzite structure. The peaks at 2θ = 31.67o, 34.31o, 
36.14o, 47.40o, 56.52o, 62.73o, 66.28o, 67.91o, 69.03o and 72.48o are assigned to (100), (002), (101), (102), (110), 
(103), (200), (112), (201) and (004) of ZnO NPs. The average crystallite size of the nanoparticles was calculated 
through the Debye-Scherrer equation to be 37.5 nm. Since, the presence of SiO2 is less than one percent by weight, 
its peaks are not seen in XRD. EDAX Studies reveal that the sample contains Zn 77.04% O 22.57% and Si 0.39% 
to weight and its atomic percentage is Zn 45.27%, O 54.20% and Si 0.53%. EDAX spectrum is given in the Fig. 2. 
SEM analysis of the sample is shown in the Fig. 3. The morphology shows that the particles are evenly sized and 
are less than 200 nm which is the minimum size in the scale.  
 FTIR of SiO2 doped ZnO NPs is shown in Fig. 4. The peak at 831.75 cm-1 is due to Si-O-Si bending (Bange, 
2008). The broad peak at 3401.62 cm-1 is attributed to O-H stretching, which could also include Si-OH stretching 
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mode (Cullisa, 1997). ZnO has a characteristic peak at 436.18 cm-1  and additional peaks at 771.82 cm-1 and a weak 
peak at 1005.05 cm-1 (Uysal, 2013). The peak at 545.55 cm-1 is also attributed to the ZnO stretching. A slight shift 
towards the lower value is reported because of the high temperature involved in the process. The peaks observed 
at 1353.05 cm-1 and 1381.92 cm-1 are attributed to O-H in plane bending. The peak at 1594.04 cm-1 is attributed to 
H-O-H bending. Hence, FTIR analysis proves the presence of ZnO and SiO2. 

      
                    Fig.1.XRD of SiO2 doped ZnO                         Fig.2.EDAX of SiO2 doped ZnO 

                  
         Fig.3.SEM of SiO2 doped ZnO                                         Fig.4.FTIR of SiO2 doped ZnO 
4. CONCLUSION 
 SiO2 doped ZnO NPs were synthesized and their physiochemical and morphological properties were 
studied, using FTIR, SEM, EDAX and XRD. Presence of SiO2 and ZnO is confirmed by FTIR analysis. XRD 
shows the peaks of ZnO which are highly crystalline and exactly matches with the standard JCPDS data available. 
Peaks corresponding to SiO2 are absent in XRD analysis as its percentage is less than one percent, by weight. The 
presence of Zinc, Oxygen and Silicon in the sample is confirmed by EDAX analysis and the SEM analysis reveals 
the morphology of the sample. 
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