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ABSTRACT 

In this work, ZnSnO3 nanostructures were prepared by the sol-gel method, in this method, EDTA 

was used as a gelling agent, tartaric acid and glycine were applied as hydrolysis agent. X-ray diffraction 

pattern of the sample annealed at 400 oC for 3h with EDTA fuel shows that, ZnSnO3 obtained in a pure 

phase with no detectable secondary phase. ZnSnO3 nanostructures also shows good optical property 

with maximum absorption was observed at 260 nm with a band gap value of 3.4 eV.                              
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Introduction 

Due to its potential applications in several fields such as filters, humidity and gas sensors, solar 

cells, etc., zinc stannate (ZnSnO3) has received great attention in recent years (Vigil et al., 2005; Ito et 

al., 2004; Tan et al., 2007 and Yu and Choi, 2002) ZnSnO3 is one of the most common classes of 

materials known as transparent conducting oxides (TCO). For the preparation of ZnSnO3, the synthetic 

routes such as hydrothermal, co-precipitation, solve-thermal, etc. have been considerably used (Lin et 

al., 2009 and Ivetić et al., 2007). In this work, we used the sol-gel method for the preparation of 

perovskite ZnSnO3nanostructures. A sol-gel process is a tool for the manufacture of solid materials 

from small molecules. The method involves transforming monomers into a colloidal (sol) solution that 

serves as a precursor for an interconnected network (or gel) of either isolated particles or network 

polymers (Beshkar et al., 2017). low temperature synthesis techniques like co-precipitation and 

hydrothermal synthesis were used for the preparation of ZnSnO3 ,both these techniques have low sample 

output to input ratio and are less industry friendly,sol- gel method can overcome this problem which 

give the appropriate amount of the ZnSnO3 required, In this study, EDTA was used as a gelling agent, 

tartaric acid and glycine were applied as hydrolysis agents. Gelling agent and hydrolysis agent greatly 

affect on the preparation of perovskite ZnSnO3. Additionally, UV–Vis–NIR scanning 

spectrophotometer evaluated the optical properties of the as-prepared nanostructure using a quartz cell 

of 1 cm path length. 

Experimental 
 

Preparation of ZnSnO3 nanoparticles by different fuels.    
Perovskite-type ZnSnO3 nanoparticles were obtained by a sol-gel method by using appropriate 

quantities of high purity zinc acetate (Zn (CH2COOH)2), tin (IV) chloride (SnCl4.5H2O) and (EDTA, 
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tartaric acid and glycine) as fuels. First, the raw materials were dissolved in 50 ml of distilled water to 

form transparent homogenous precursors. Then the precursors were stirred for 3 hours at 300 oC at the 

hot plate until forming  a milky white solution , the pH solution  controlled  with few drops of NH3 

(pH~7),  the time of stirring sufficiently to form brownish powder this powder was ground  and divided 

to three amounts  as we use different fuels ( EDTA , tartaric acid and glycine)  Those were calcinated 

at 400 oC for three hours respectively. 

                                                                               
Materials characterization  

The as-prepared materials were characterized by powder X-ray diffraction analysis (X-ray 

diffraction (XRD) on a Brucker axis D8 diffractometer using the Cu-Kα (λ=1.5406Å) radiation and 

secondary monochromator in the range 2θ from 20°θ to 80°θ and scan rate of 20 min-1. The 

morphologies were characterized by field emission scanning electron microscope (FSEM) using a JEOL 

instrument (Japan) model JSM –5410).   

                                                                                      
Optical properties 

The optical properties of the prepared ZnSnO3 nanoparticle were studied using UV–Vis scanning 

spectrophotometer. The UV–Vis absorption spectrum was recorded by a UV–Vis–NIR scanning 

spectrophotometer (Jasco-V-570 Spectrophotometer, Japan) using a 1 cm path length quartz cell. 

 
Results and Discussion 
 
Structural and morphology. 

The XRD patterns of samples annealed at 400 oC with different fuels show that, EDTA fuel obtain 

ZnSnO3 in a pure phase with no detectable secondary phase when annealed for 3h. While XRD patterns 

of samples with (tartaric acid or glycine) show the formation of ZnSnO3 and another phase as impurities, 

therefore the optimum condition was 400 oC for 3h with EDTA fuel which considered as complexing 

and chelating agent, in addition it contains more carbon, oxygen and nitrogen which facilitated 

completing the reaction.  All the peaks in sample calcined at 400 oC for 3h with EDTA fuel were 

ascribed to ilmenite type ZnSnO3 as shown in Fig.1 a, b (JCPDS card no. 28-1486). Fig.2 shows the 

FESEM image of the ZnSnO3 nanoparticles, which revealed the formation of cubic shaped and some 

irregularly shaped nanoparticles. From the FESEM image, it is visible that ZnSnO3 nanoparticles were 

prepared in a pure phase with no impurities.   

Optical properties 
Fig.3 a, b show the UV spectra of ZnSnO3 nanostructures, the fundamental absorption edge in 

most semiconductors follows the exponential law and the band gap was estimated by Tauc’s 

relationship:                                     

     α=α0 (hѵ-Eg) n/hѵ  ……………………………………………………………………………….. (1)                              

where α is the absorption coefficient, hѵ is the photon energy, α0 and h are the constants, Eg is the 

optical band gap of the material. n depends on the type of electronic transition and can be any value 
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between ½ and 2 (Wei et al., 2011). From the spectrum the maximum absorption was observed at 260 

nm. The value of the band gap for the prepared ZnSnO3 nanostructures was 3.4 eV . 

 
                                                                         

nanoparticles using Sol gel method 3XRD pattern of synthesized ZnSnO Fig.1a, b 

  

Fig. 2: FESEM image of the ZnSnO3 nanoparticles. 

                            
 

 

 

 

 

 

 

Fig. 3: Shows the UV spectra of ZnSnO3 nanostructures. 

Conclusion 
In this study, the ZnSnO3 nanostructure was successfully prepared by the sol-gel gel method. We 

also used EDTA as a gelling agent, tartaric acid and glycine as hydrolysis agents, XRD results show 
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that, EDTA was considered the optimum fuel in preparing perovskite zinc stannate at 400 oC for 3h. 

From the UV spectrum show a maximum absorption of the obtained zinc stannate was observed at 260 

nm with band gap value 3.4 eV. 
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