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ABSTRACT 

High performing porous Zinc Stannate (Zn2SnO4) nanostructured metal oxides was successfully 

synthesized via novel and cost effective hydrothermal technique. The size controlled Zinc Stannate nanoparticle 

was synthesized using Sodium Hydroxide as mineralizer.Further the nanoparticles were characterized by PXRD 

(Powder X-ray Diffraction). The zinc stannate was crystallized in spinel structure and average crystallite sizes of 

the prepared nanoparticles are around 10nm. For the first time pseudocapacitive nature of the Zn2SnO4 was 

evaluated under aqueous 3 M KOH electrolyte solution using electrochemical cyclic voltammetry (CV) technique. 

From the observed measurements, it is found that the spinel Zinc Stannate exhibits high specific capacitance of  

545 F/g at 5 mV/s scan rate. Zn2SnO4 is a promising electrode material for supercapacitor applications. 
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1. INTRODUCTION 

Zinc stannate (ZTO) is a ternary oxides that are known for their stable properties under outmost conditions 

and its higher electron mobility when compared to its binary counterparts and other interesting optical properties. 

Zinc oxides (ZnO) and tin oxide (SnO2) semiconducting materials are n-type which are used in electronic 

components. Recently, special attention has been paid to the ZnO–SnO2 system due to its specific electrical 

properties. The n-typed semiconducting zinc stannate (Zn2SnO4) as a wide band gap energy of 3.6 eV. It exhibits 

an inverse spinel crystal structure, in which the Zn atoms occupy the one-eighth of the tetrahedral voids in a face-

center-cubic close-packed oxygen sub lattice while one-half of the octahedral voids are occupied by an equal 

number of Zn and Sn atoms. As an important member of transparent semiconducting materials, zinc Stannate 

(Zn2SnO4) is known to have high electrical conductivity, high electron mobility and low visible absorption, which 

makes it suitable for a wide range of applications, including as a gas-sensing material, for Li-ion batteries as anode 

material, adsorbent for the dye removal. These efforts have resulted in successful synthesis of Zn2SnO4 

nanoparticles using hydrothermal synthesis technique. The hydrothermal technique has few advantages in it, which 

has good control over the composition and morphology of the material with high reproducibility and it’s cost 

effective. Hence in the present work, the zinc stannate (Zn2SnO4) nanoparticles was synthesized and its super 

capacitive nature was studied.  

2. MATERIALS AND METHODS 

All the chemicals used were commercially available in analytical grade. Initially 0.1 M of zinc acetate was 

added to 30 mL of deionized water and then kept under stirring. 0.05 M of tin tetrachloride dissolved separately in 

deionized water was added to the zinc acetate solution slowly. 0.3 M of Sodium Hydroxide (NaOH) was dissolved 

in 20 mL deionized water and added dropwise to the above mixture. The resultant solution was transferred to an 

autoclave and kept in furnace at 180˚C for 12 h. The solution was allowed to cool to room temperature and washed 

with water for several times followed by methanol and acetone to remove impurities using centrifugation. The 

obtained sample was calcined at 500˚C for 6 h. 

3. RESULTS AND DISCUSSION 

3.1. X-Ray studies: The powder X-ray diffraction (XRD) pattern provides details of crystallinity, phase, structure 

and average crystallite size of the prepared samples. Fig.1 shows the typical Powder XRD patterns of Zn2SnO4 

calcined at 500˚C for 6 h. All the diffraction peaks in the XRD pattern is compared and indexed with standard 

JCPDS data of cubic Zn2SnO4,a = 8.6243 nm, space group: Fd-3m) (JCPDS File No. 74-2184). 

 The peaks correspond to an inverse spinel structure, where all Sn4+ atoms are octahedral coordinated, while 

half of the Zn2+ atoms are distributed in tetrahedral coordination and the other half has octahedral coordination. 

The diffraction peaks at 2 values of 18.09˚, 29.47˚, 34.58˚, 36.03˚, 41.86˚, 55.12˚ and 60.52˚ can be ascribed to 

the reflection of  (111), (220), (311), (222), (400), (311), (422), (511) and (440) planes of the cubic Zn2SnO4, 

respectively.The average crystallite size of the Zn2SnO4 crystals was calculated using Scherrer’s equation, it was 

found about 10 mm. 

3.2. Electrochemical studies: In order to examine the capacitive behaviour of the prepared electrode CV technique 

was used. CV recorded in 3 M KOH at various scan rates with a potential window of 0 - 4.5V is shown in Fig 2.The 

typical CV response depicts that capacitance characteristic was entirely different from that of conventional electric 

double-layer capacitance arises mainly from the surface faradaic reaction. Broad anodic and cathodic peaks were 
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positioned at 0.38 V and 0.17 V respectively and were assigned to the surface oxidation and reduction of electrode 

in the electrolyte. This clearly suggests that the energy storage mechanism originates from the surface redox 

reactions of Zn2+/ Zn3+ and Sn2+/Sn3+.  The possible redox mechanism of the Zn2SnO4is proposed as follows. 

Zn2SnO4+ OH- + H2O  2ZnOOH + SnOOH + e-          (1) 

SnOOH + OH- SnO2 + H2O + e-                                      (2) 

ZnOOH + OH- ZnO + H2O + e-                (3)  

 The SC values were calculated graphically by integrating the area under the I–V curves and then dividing 

by the sweep rate (Vs-1), the mass of the material (m) and the potential window (Va to Vc). Maximum specific 

capacitance of 545 Fg-1 was calculated for 5 m V s-1.  

       
                 Fig.1.Powder X-Ray Diffraction (P-XRD)          Fig.2.Cyclic voltammogram of Zn2SnO4 electrode 

                           pattern of Zinc Stannate                                                   recorded at various scan rates  
4. CONCLUSION  

 Zinc stannate nanoparticles of 10 nm were synthesized successfully using novel hydrothermal technique. 

Electrochemical characterizations like CV show the potential pseudocapacitive behavior of the prepared material. 

Porous zinc stannate material exhibits a maximum specific capacitance of 545 Fg-1 at a scan rate of 5 mVs-1. Hence 

the present study demonstrated that the zinc stannate is the potential electrode for super capacitive applications. 
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