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 Background: The technological importance of composite materials has been increasing 

significantly because of its wide array of applications. These multi-phase materials have 
improved properties compared to its individual components making them unique. 

Synthesis of ZnO-SiO2 composite has attractive research interests because of its 

promising properties for future devices’ application. Most of the reported growth of 
ZnO-SiO2 uses expensive tetraethylorsolicate as silica source and were mostly 

deposited on crystalline substrates by means of complex processes. In the present paper, 

ZnO-SiO2 is grown via simple chemical deposition process on amorphous glass 
substrate using silica obtained from rice husk ash (RHA) as silica source which is 

considered as agricultural waste material. Objective: The surface morphology and 

infrared properties of the deposited ZnO-SiO2 composite is investigated in order to 
understand its growth characteristics. Results: Scanning electron micrograph revealed 

the high density growth of urchin-like ZnO-SiO2 structures exhibiting pointed tips. The 

presence of complexes was very apparent for the as grown samples and eventually 
eliminated after drying the samples at 200oC. FTIR spectroscopy evidently shows the 

functional groups of silica and ZnO and it further supports the presence of complexes. 

Conclusion: Complexes free and high density growth of ZnO-SiO2 is achieved through 
an economical method with post drying treatment. The amorphous nature of the 

substrates used helps the high density growth of the ZnO-SiO2 composite since it 

provides more nucleation sites. 
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INTRODUCTION 
 

 Composite materials have been given importance due to their many significant applications on various 

industries. Among all composites, ZnO-SiO2 (zinc oxide-silica) is of much interest due to its improved and 

unique characteristics. Many researches were conducted with regards to the synthesis and characterization of 

ZnO-SiO2 in where they found that this material have better and improved luminescence compared to bulk ZnO 

(Zhao, S., et.al., 2007) and the UV barrier properties were greatly improved when ZnO is surface modified with 

SiO2 (Sójka-ledakowicz, J., et al., 2010). Today, many studies have tried to grow ZnO-SiO2 composites using 

complex processess and expensive precursors like tetraethylorsilicate (TEOS) as source of SiO2 (Cao, Z. and 

Zhang, Z., 2010) on various substrates, either crystalline or amorphous. These substrates have different surface 

energies which affect the nucleation of the structures on the substrate and it shows that the lower the surface 

energy of the susbtrate like amorphous glass, the faster is the nucleation rate (Wan, L., et.al., 2010). Many 

works have been reported with regards to the synthesis and characterization of ZnO-SiO2, however analysis on 

the growth characteristics of ZnO-SiO2 deposited on glass substrate is not yet understood well. In the present 

work, study on the morphology and infrared characteristics of as grown and dried ZnO-SiO2 composite 

deposited on glass substrate using simple chemical deposition process is presented. It is worth metioning that the 

source of silica used in this work is from rice husk ash (RHA). Rice husk is considered as an agricultural waste 

material in the locality. 
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MATERIALS AND METHODS 
 

 The ZnO-SiO2 composite were synthesized through chemical bath deposition (CBD) process. A solution of 

0.03 M zinc sulphate (ZnSO4) and 1.0 M ammonium hydroxide (NH4OH) together with readily available SiO2 

powders from RHA were heated at constant bath temperature and magnetically stirred at 360 rpm in a beaker 

using a magnetic stirrer and hot plate apparatus. Pre-cleaned glass substrates were then immersed in the 

chemical allowing ZnO-SiO2 particles to deposit on the substrates. The substrates were then taken out of the 

bath and rinsed with distilled water pre-heated to 70oC to remove loosely adhering particles. The samples were 

thermally dried at 200oC on a furnace to study the effects of drying temperature to the sample. The 

morphological characteristics of the samples were investigated using JEOL JSM-6510LA analytical scanning 

electron microscope (SEM) and by Perkin Elmer Spectrum 100 infrared spectrometer for functional groups 

determination.  

 

RESULTS AND DISCUSSION 
 

 Figure 1 shows the SEM micrographs of ZnO-SiO2 composite grown on glass substrate dried at room 

temperature (as grown) at (a) 1000 and (b) 5000 magnifications. The micrographs show the almost uniform 

growth of urchin like ZnO-SiO2 structures encircled as (1). The ZnO-SiO2 composite also exhibits pointed tips 

having approximately 250 nm in average diameter and 2 μm in average length, this pointed tips of the structure 

suggests the attachment of silica to ZnO. This attachment is possible due to the silanol and siloxane functional 

groups of silica that would tend to attract at the partially stable (metastable) polar facet of ZnO which is at the 

top of the ZnO rod. Also noticeable in the micrograph are the dendrite-like structure encircled as (2) attributed 

to the complexes present which can be clearly observed at Figure 1(b). The complexes are believed to be the 

zinc complexes like zinc sulfates and zinc hydroxides which are considered as impurities. 

 

 
 

Fig. 1: SEM micrographs of as-grown ZnO-SiO2 composite on glass substrate at (a) 1000 and (b) 5000  

magnifications.  

 

 Figure 2 are the micrographs of the ZnO-SiO2 composite dried at 200oC showing the high density and even 

more uniform growth of ZnO-SiO2 structures. The urchin-like structures also exhibit pointed tips. It is very 

apparent that the zinc complexes present at the as-grown samples were eliminated after post-heat treatment. It is 

believed that the complexes which acts as impurities where dissociated after drying. 

 

 
 

Fig. 2: SEM micrographs of ZnO-SiO2 composite on glass substrate dried at 200oC at (a) 1000 and (b) 5000  

magnifications. 

 

 The infrared spectra of as grown and dried at 200oC ZnO-SiO2 composite is shown in Figure 3. It can be 

seen in the figure the presence of characteristic peaks of silica and zinc oxide. The peak observed at 746  

 Cm-1 is the characteristic vibration of ZnO. The peaks at 832 cm-1 and 888 cm-1 are for the Si-O-Si 

(siloxane) asymmetric stretching vibrations. Peak at 1063 cm-1 is for the Si-O-Si symmetric stretching, while 

peaks 1500 cm-1 and 1553 cm-1 are for the Si-OH (silanol) stretching and the peak at 1393 cm-1 for the Si-O-Si 

bending. These IR vibrations are the characteristic peaks that indicate the presence of the functional groups of 
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silica obtain from RHA. Furthermore, peak at 1600 cm-1 and a broad absorption band situated at 3000 cm-1 to 

3600 cm-1 are attributed to the O-H bending and O-H stretching vibrations of the ZnO-SiO2 samples 

respectively which is due to the absorbed water maybe during the storage of the sample. The O-H vibrations 

may also be from the complexes present in the sample as observed in the SEM micrographs. Moreover, the peak 

at 1045  

 Cm-1 is assigned for the Si-O-Zn stretching which confirms the attachment of SiO2 to ZnO. However, it can 

be noticed in the spectrum of the sample dried at 200˚C that the peaks from 1395 cm-1 to 1616 cm-1 attributed 

to the Si-O-Si bending, Si-OH stretching and O-H bending exhibit lower absorption compared to the strong 

peaks seen at ZnO-SiO2 dried at room temperature. This phenomenon is related to the dissociation of the OH 

functional group due to the decomposition of the loosely bounded hydroxyls present in the ZnO-SiO2 composite 

indicating the removal of the zinc complexes upon post-heat treatment of ZnO-SiO2 as clearly observed in 

Figure 2. Table 1 summarizes the different functional groups of the as grown and dried ZnO-SiO2 samples 

deposited on glass substrates.  

 

 
 

Fig. 3: IR spectra of the as-grown ZnO-SiO2 composite deposited on glass substrate dried at room temperature  

(as grown) and at 200˚C.  

 
Table 1: Infrared spectra of ZnO-SiO2 deposited on glass substrates dried at room temperature (as grown) and at 200˚C. 

Groups and Class RT 200˚C 

Si-O-Si asymmetric stretching 1063cm-1 1117 cm-1 

Si-O-Si symmetric stretching 888 cm-1 889 cm-1 

Si-O-Si bending 1393 cm-1 --- 

Si-OH stretching 1500 cm-1 1462 cm-1 

O-H stretching 3357 cm-1 3300 cm-1 

O-H bending 1600 cm-1 1616 cm-1 

Si-O-Zn 1045 cm-1 955 cm-1 

Zn-O 746 cm-1 743 cm-1 

 

Conclusion: 

 Successful synthesis of ZnO-SiO2 composite on glass substrate using simple low temperature chemical 

deposition method is presented in this work. Micrograph results revealed the high density growth of urchin-like 

structure of ZnO-SiO2 with noticeable complexes (dendrite-like structures) present. The amorphous nature of 

substrate helps the high density growth by providing more nucleation sites for the structure. Impurity free ZnO-

SiO2 has been obtained after post-heat treatment at 200oC. Infrared spectra revealed the presence of 

characteristic peaks of silica and ZnO. The presence of the Si-O-Zn vibration further suggests that silica has 

bonded with ZnO to form ZnO-SiO2 composite. 
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