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Abstract− This work investigates the influence of 

reaction time (ranging from 12 to 96 h) on the char-
acteristics of zinc stannate (Zn2SnO4) nanoparticles 
obtained by the hydrothermal method at 200°C. The 
nanoparticles were characterized by X-ray diffrac-
tion (XRD), scanning electron microscopy (SEM), 
surface area measurements (BET) and infrared spec-
troscopy (IR). The results showed that the reaction 
time influenced the properties of Zn2SnO4 nanopar-
ticles. The product presented a pure crystalline 
phase with mean particle size about 20 nm and BET 
surface area ranging from 34 to 43 m2.g-1. 

Keywords− Zn2SnO4, synthesis, hydrothermal 
process. 

I. INTRODUCTION 
Semiconductors composed by binary oxides of ZnO, 
SnO2, In2O3 and CdO are known by their excellent opti-
cal and electrics properties, being widely used in a vari-
ety of applications including smart windows, photovol-
taic slim films and, optical and electronic nanodevices 
(Nomura et al., 2003; Liang et al., 2001). In the last 
years, the application as semiconductors of ternary 
nanostructured oxides was verified in several studies 
concerning the synthesis of these oxides. Among these 
materials the ternary zinc stannate oxide (Zn2SnO4) is 
known by its diamagnetic and semiconductor properties 
(Coffen, 1953). 
 The Zn2SnO4 is a spinelic material used in gas sen-
sors (Yu and Choi, 2002), as an anode for Li-ion battery 
(Belliard et al., 2000) and as catalyst in the decomposi-
tion reaction of benzene in aqueous solutions (Wang et 
al., 2002). It is usually prepared by the solid-state reac-
tion between ZnO and SnO2 at high temperatures (high-
er than 1000 °C) (Hashemi et al., 1990). However, the 
high temperature involved in the synthesis of Zn2SnO4 
contributes to the loss of ZnO by evaporation and the 
formation of SnO2 that difficult the obtainment of a pure 
crystalline phase (Stambolova et al., 2005).  

Some strategies to overcome these drawbacks were 
proposed in the literature. To avoid the partial evapora-
tion of ZnO, different thermal treatments consisting of 
several steps and intermediary homogenization of prod-
uct (Gupta and Mathur, 1968) were used. The formation 
of a pure phase of the spinel has been obtained after the 
mixture of ZnO and SnO2 at 1280°C (Hashemi et al., 
1990). Mechanical activation by milling of ZnO and 
SnO2 ,previous to the thermal treatment at 1200 oC from 

10 to 160 min, was also reported (Nikolic et al., 2001). 
Co-precipitation of the hydroxides Zn and Sn with 
NaOH from an aqueous solution containing ZnSO4 and 
SnCl4 at molar ratio of 2:1 was used. The precipitated 
was converted to Zn2SnO4 at 500-900 oC (Cun et al., 
2002). Zn2SnO4 also has been formed after calcination 
of hydroxide precursor at temperature of 650-750°C. 
The hydroxide was obtained by the co-precipitation of 
Zn(NO3)2 and SnCl4 and using Na2CO3 as mineralizing 
agent. The product presented average particle size in the 
order of 20 nm after calcination at 650 oC for 24 h 
(Stambolova et al., 2005). Nanotubes of Zn2SnO4 were 
produced by thermal evaporation, at 1000 oC and 2 h, 
obtaining particles with diameter in the range of 50-100 
nm (Wang et al., 2004a). Nanobelts and nanorings of 
Zn2SnO4 were also obtained by the same method of syn-
thesis and under the same experimental conditions 
(Wang et al., 2004b). Nanoplates of Zn2SnO4 with a 
thickness of 50 nm were obtained by hydrothermal 
method (200 oC at 20 h of reaction time) employing 
hexadecil-trimethyl ammonium as surfactant (Ji et al., 
2010). Nanowires of 50-100 nm of diameter were ob-
tained by vapor chemical deposition method heating a 
mixture of metal Zn and Sn powders at 800-900 oC (Hu 
et al., 2009). Microtubes formed by ternary oxide were 
synthesized by the hydrothermal method  (220 oC for 48 
h), resulting in microtubes with diameter of 0.8 to 1.2 
μm, which are composed of numerous nanoparticles 
with diameter of 10-20 nm and surface area of 41.2 
m2.g-1 (Ai et al., 2010). The spinelic oxide also was syn-
thesized using supercritical water in a bath reactor 
(400°C and 30 MPa) forming particles of 0.5-1.0 μm 
(Lee et al., 2010). The use of Na2CO3 as mineralizing 
agent under hydrothermal conditions in the range of 
120-230 oC for up to 30 h resulted in the formation of 
Zn2SnO4 particles with diameters near 20-50 nm 
(Annamalai et al., 2010). Other studies reported the in-
fluence of different amines (ethylamine, n-butylamine, 
n-hexylamine and n-octylamine) as mineralizing agents 
on properties of resulting Zn2SnO4 particles at 180 oC 
for 20 h (Fu et al., 2009). Zn2SnO4 was synthesized via 
hydrothermal method at 220 °C for 72 h from zinc ace-
tate and tin tetrachloride in various mediums containing 
different NaOH concentrations (0 to 6 mol.L-1). The op-
timum concentration for Zn2SnO4 crystallization was 
around 2.67 mol.L-1 (Fang et al., 2001).  

Although there are several studies reporting different 
alternatives to synthesize the Zn2SnO4 there are no stud-
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ies concerning the evaluation of the reaction time on the 
surface area of the nanoparticles obtained by the hydro-
thermal method.  

In this sense, the main objective of this work was to 
investigate the influence of the reaction time on the 
characteristics of zinc stannate (Zn2SnO4) nanoparticles 
obtained by the hydrothermal method, focusing mainly 
on the effect in the surface area. The nanoparticles were 
characterized by X-ray diffraction, scanning electron 
microscopy, BET surface area measurements and infra-
red spectroscopy. 

II. METHODS 
A. Materials 
The reagents used in the synthesis of zinc stannate 
(Zn2SnO4) nanoparticles were zinc acetate 
(Zn(CH3COO)2.2H2O), tin tetracloride  (SnCl4.5H2O) 
and sodium hydroxide,  all of them were of analytical 
grade.   

B. Synthesis of Zn2SnO4 
Zn2SnO4 nanoparticles were synthesized by the hydro-
thermal method at 200°C at different reaction times (12, 
24, 48, 72 and 96 h). The molar composition of the reac-
tion mixture was SnO2:2.33ZnO:360H2O:8.3NaOH.   

The amount of each reagent was calculated accord-
ing to the following stoichiometric reaction: 
2ZnAc2 + 1SnCl4 + 8NaOH      Zn2SnO4 + 4NaAc + 

4NaCl + 4 H2O 
Solution of zinc acetate (12.85 g dissolved in 59 mL 

of water) was slowly added to the solution of tin tetra-
chloride (8.8 g dissolved in 50 mL of water) under 
magnetic stirring.  Afterwards, NaOH 5.7 M was added 
until the solution reached pH 7.5. The formed gel was 
transferred to Teflon jars and placed in a stainless steel 
autoclave. The autoclave was placed in an oven previ-
ously heated to 200°C in order to carry out the hydro-
thermal treatment during 12, 24, 48, 72 and 96 h. Sub-
sequently, the autoclave was removed from the oven 
and cooled in running water. The precipitate was 
washed with distilled water, centrifuged and dried in an 
oven at 100°C for 12 h. The solid sample obtained was 
finely ground using a mortar and pestle and stored in 
plastic containers. 
C. Characterization of the Zn2SnO4 nanoparticles 
Nanoparticles were characterized by X-ray diffraction, 
scanning electron microscopy, infrared spectroscopy 
and BET surface area measurements. X-ray diffraction 
(XRD) patterns were obtained using a Bruker D8 Ad-
vance Diffractometer. The X-ray source was Cu-Kα ra-
diation, powered at 30 kV and 20 mA. Data were col-
lected over the 2θ range 20–80º with a step size of 0.05º 
and a count time of 35 s. The average nanoparticles size 
was determined using the Scherrer equation: D = K.λ/ 
(β.cosθ), where D is the average crystallite size, K is the 
Scherrer constant (0.90), λ is the wavelength of the X-
ray radiation (0.15425 nm for Cu-Kα ), β is the peak 
width at half height and θ corresponds to the peak posi-
tion (in the current study, 2θ = 34.29).  

The morphology of Zn2SnO4 nanoparticles was de-
termined by scanning electron microscopy using a 
Model Joel microscope. By means of infrared spectros-
copy, infrared spectra of all samples pressed into KBr 
pellets were recorded by a Bruker tensor 27 FTIR spec-
trometer. IR spectra were measured in the range 1000-
350 cm-1. The BET surface areas were obtained from ni-
trogen adsorption isotherms at 77 K, carried out on a 
Quantachrome Autosorb Automated Gas Sorption sys-
tem, at relative pressure (P/Po) ranging from 0 to 0.99. 

III. RESULTS AND DISCUSSION 
X-ray diffraction was used to evaluate the crystalline 
structure of the synthesized nanoparticles.  Figure 1 
shows the  XRD patterns of the prepared Zn2SnO4 sam-
ples obtained after the hydrothermal treatment at 200ºC 
at different times, as well as data of the pure Zn2SnO4 
(Card JCPDS no 74-2184). All diffraction peaks can be 
perfectly associated with a cubic spinelic structure of 
centered face, which is in agreement with the data of the 
reference (Card JCPDS no 74-2184).  It is seen that the 
peaks position of the nanoparticles of Zn2SnO4 (synthe-
sized and reference) are similar. This indicates the com-
plete formation of a spinelic phase for all the samples 
synthesized in the different reaction times.  

Figure 1 evidenced that after 12 h of reaction is pos-
sible to obtain a spinelic phase in the crystalline form. 
However, with the increase of reaction time above 24 h, 
the peaks became slightly less intense, indicating a de-
creasing of crystallinity with a longer reaction time. 

The hydrothermal route presented in this work pre-
sents as advantage the obtainment of the nano-particles 
of Zn2SnO4 with high cristallinity and purity at milder 
reaction conditions when compared to other processes, 
for example the conventional solid-state reac-tion meth-
od which requires high temperatures for the synthesis 
(above 1000oC) and some hydrothermal routes which 
need longer reaction times (more than 20 h). 

Figure 2 presents the isotherm of nitrogen adsorp-
tion/desorption of the nanoparticles of Zn2SnO4 synthe  
 

 
Fig. 1. XRD patterns of samples synthesized in different reac-
tion times and card No. 74-2184 data of the reference for the 
Zn2SnO4. 
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Fig. 2. Nitrogen adsorption-desorption isotherms for Zn2SnO4 
obtained at 12 h of reaction. 

Table 1. BET Surface area, average particle size and total pore 
volume of the synthesized samples. 

Sample SBET 
(m2.g-1) 

Average 
nanocrystals  size 

(nm) 

Pore volume 
(cm3.g-1) 

12 h 42.8 19.0 0.19 
24 h 38.6 19.7 0.18 
48 h 36.1 20.4 0.18 
72 h 35.2 21.2 0.17 
96 h 34.4 22.5 0.16 

sized at 200°C after 12 h of reaction. Similar 
behaviorwas verified for all samples (data not shown). 
All adsorption and desorption curves showed a type II 
isotherm and are typical of microporous materials, ac-
cording to the IUPAC classification.  

Table 1 presents the results concerning the surface 
area, average particle size and pore volume for nanopar-
ticles obtained at all reaction times evaluated in this 
work. The mean particle size was calculated using the 

Scherrer equation. The particle size increased ranging 
from 19 to 22.5 nm, whereas the superficial area de-
creased from 43 to 34 m2.g-1 (a decrease of near 20 %) 
for reaction times ranging from 12 to 96 h. These results 
show that the reaction time has a reasonable influence 
on the surface area and a slight influence on the pore 
volume. The crystallite size increased as the contact 
time rose due to nanocrystal coalescence that takes 
place through the large amount of energy released. The 
increase of contact time favors the coalescence, being 
that the reaction time regulates the nanocrystal growth 
(Collazzo et al., 2011). 

The average particle size and surface area obtained 
in this study are in agreement with those obtained in 
other studies. Stambolova et al. (2005) used NaCO3 as 
mineralizing agent and obtained particles of 20 nm after 
calcination at 650-750°C. Annamalai et al. (2010) ob-
tained mean particle size in the range 20-50 nm using a 
hydrothermal process and NaCO3 as mineralizing agent. 
Ai et al. (2010) found a surface area of 41.2 m2.g-1 and 
diameter of 10-20 nm for the Zn2SnO4 microtubes syn-
thesized at 220 oC for 48 h.  

Figure 3 shows the micrographs of Zn2SnO4 samples 
treated hydrothermally at 200°C for reaction times of 
12, 24, 48 and 72 h. SEM images indicates the for-
mation of small aggregates of Zn2SnO4 nanocrystallites 
resulting in large particles with irregular shape. The sur-
face morphology of samples obtained in longer reaction 
time is different than that of samples obtained in shorter 
reaction time. This can be more easily seen for the 
samples obtained at reaction time above of 24 h, which 
have larger particle size compared to the samples with 
reaction time of 12 and 24 h. 

 

 

 
Fig. 3.Micrographs of samples obtained with different reaction times (12, 24, 48 and 72 h). 
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Fig. 4. Infrared spectrum of sample obtained at 12 h of reac-
tion. 

Figure 4 shows the infrared spectrum of Zn2SnO4 
sample treated hydrothermally at 200°C only for 12 h of 
reaction in the region of 1000 to 350 cm-1. Similar be-
havior was verified for all samples (data not shown 
here). 

The absorption band at 572 cm-1 is assigned to the 
Zn2SnO4 spinel phase (Nikolić et al., 2007). The results 
obtained in the IR analysis confirmed the results ob-
tained in the XRD analysis. 

IV. CONCLUSIONS 
The synthesis of zinc stannate oxide by hydrothermal 
process was investigated in this work. The results 
demonstrated that it is possible to obtain nanoparticles 
of Zn2SnO4 with mean size of 20 nm at 12 h of reaction. 
It was observed that the nanocrystallite size slightly in-
creased with longer reaction times and as a consequence 
a decrease in the BET area occurred. The hydrothermal 
synthesis employed in this work present as advantage 
the obtainment of Zn2SnO4 nanocrystals in milder reac-
tion conditions than those required in other processes. 
The results obtained in this work confirm that highly 
crystalline Zn2SnO4 nanocrystals can easily be synthe-
sized at short reaction times. 
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