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Abstract 
Tin oxide SnO2, Aluminum oxide Al2O3nanoparticles and SnO2/Al2O3   nanocomposites were successfully 

synthesized hydrothermally at 150
o
C for 24hrs. The crystalline phase, morphology and particle sizes had been 

characterized by X-ray diffraction (XRD) and HRTEM.It is found that the particle size of 

the SnO2/Al2O3 nanocompositesis below 30 nm,while for 50%SnO2 & 50% Al2O3 it is over 30 nm. The optical 

properties of the prepared samples are investigated, the results showed that the energy band gap was increased 

by increasing Al2O3 ratio. The electrical properties showed that theac conductivity and the dielectric constant of 

the prepared samples were decreased with increasing the frequency. 
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I. Introduction 
Semiconductor metal oxides in the form of nanocrystal behave differently from their corresponding 

bulk state such as ZnO, Al2O3, SnO2, TiO2 and In2O3. The properties of these materials have been studied due to 

their importance in many applications such as sensors,optoelectronic devices, solar cells and thin film 

transistors[1- 2]. 

Nano Metal oxides andits composites are well-known for their structural and high optical transmittance 

in the UV-Vis region and high IR reflectance[3-6]. 

Improvement of the structural and optical properties depends on the composition, size and surface area 

of the nanomaterials. Therefore, the composite of a hard nanostructured materials, such as SnO2 and Al2O3 looks 

promising to produce an excellent composite. Nanocomposites have been synthesized via various methods, such 

as sol-gel processing, laser ablation, and hydrothermal route. 

Among these techniqueshydrothermal method,which is one of the most commonly used methods for 

preparation of nanomaterials. In this method, the formation of nanomaterials can be controlled from 

morphology, size and properties of the prepared materials. In this method, a wide temperature range from room 

temperature to very high temperatures 

So the aim of this work is to synthesize SnO2,Al2O3,and SnO2/Al2O3 nanocomposites by facile, 

effective, and surfactant-free hydrothermal method. Studying the morphology, microstructure, dielectric 

constant and optical properties will be investigated. 

 

II. Experimental 
2.1 Materials 

SnO2,Al2O3 and SnO2/Al2O3nanocomposites were prepared usingtin oxide SnO2(99%,ALDRICH),sodium 

hydroxide NaOH (AppliChem Panreac), Aluminum isopropoxide C6H21ALO3(LOBA HEMIE), and distilled 

water. 

2.2 Sampels preparation 

2.2.1 Preparation of SnO2 nanoparticles 

Homogeneous solution of sodium hydroxide were prepared in an aqueous media by dissolved it in distilled 

water and stirred for 15 min. 

Tin oxide (SnO2) material was kept under constant stirring at room temperature using magnetic stirrer at 1100 

rpm and sodium hydroxide solution was added to the SnO2 drop by drop.  The reaction was still on the stirrer for 

1 hr.after complete addition of sodium hydroxide. We put the resulting gel in the autoclave at 150ºC for 24 

hours. The white precipitation was washed with distilled water for several times (after 24 hours). Then the 

precipitations were dried in oven at 75 
o
C to obtain white powder.  

https://www.sciencedirect.com/topics/chemistry/grain-size
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2.2.2 Synthesis of Al2O3 nanoparticles 

For AL2O3 nanoparticles preparation, Aluminum isopropoxide [C6H21ALO3] (0.5 moles, 5.1062gm.) was 

dissolved in deionized water (160 ml). The solution was kept under constant stirring at room temperature using 

a magnetic stirrer at 1100 rpm for 4 hrs. to be precipitated. Then we put the resulting gel in the autoclave at 

150ºC for 24 hours. The white precipitation was washed with distilled water for several times (after 24 

hours).The precipitations were dried in the oven at 75
o
C to obtain white powder. 

 

2.2.3 Synthesis of SnO2/ Al2O3 nanocomposite 
SnO2/Al2O3nanocomposites were prepared using hydrothermaltechnique. By adding Al2O3 solution toSnO2by 

25%, 50%, 75% respectively drop by drop using magnetic stirrer at 1100 rpm and then was kept on it for 1 hr. 

The resulting mixture putted in the autoclave at 150ºC for 24 hours. The powder was washed by distilled water, 

and then dried at 75°C for 10 hours. 

 

2. Characterization 

The phase purity and the structure ofSnO2, Al2O3and SnO2/Al2O3 nanocomposites were characterized 

by X-ray powder diffraction (XRD) using (Bruker, D8 DISOVER).Further structural analysis for studying 

morphology and particle size of the prepared samples were investigated using (JEOL, JEM-2100 – Japan) high 

resolution transmission electron microscopy (HRTEM).The absorption spectra of SnO2, Al2O3 and SnO2/Al2O3 

nanocompositeswere studied at normal incidence at room temperature in thewavelengthrange 200–900 nm with 

double beam UV spectrophotometer (Specord 200 Plus, Germany).The HIOKI 3532-50 LCR meter was used 

for studying the electrical properties ofSnO2, Al2O3, and SnO2/Al2O3nanocomposites measurement over the 

frequency range from 42 Hz to 5 MHz and temperature (298-473°k).  

 

III. Results & Discussion 
3.1 X-Ray diffraction 

(XRD) patterns of SnO2,Al2O3 and SnO2/Al2O3 nanocomposites were studied as shown in Fig. 1Miller indices 

(hkl) of the diffraction peaks of SnO2, Al2O3 and SnO2/Al2O3 nanocompositeshave been matched with JCPDS 

Cards No. 002-1340 and 056-1186. 

 

 
Fig. 1XRD spectra of SnO2, Al2O3, SnO2/Al2O3 nanocomposites. 

 

XRD patterns show that the nanoparticles are in the tetragonal phase. The crystal size is calculated by a Scherer 

formula [7,8].  

𝐃 =
𝐤 𝛌

𝛃 𝐜𝐨𝐬 𝛉
 

Where D is the average crystallite size, λ is the applied X-ray wavelength, and k=0.94 which is a constant, θ is 

the diffraction angle in degree and β is the full width at half maximum (FWHM) of the diffraction peak 
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observed in radians. As seen from table (1),It is found that the  particle size of the SnO2, Al2O3 and SnO2/Al2O3 

nanocompositesis below 30 nm while for 50%SnO2 & 50% Al2O3 it is over 30 nm, indicating that alumina can 

effectively prevent SnO2 from further growing up. 

Williamson–Hall analysis is the simplest method to separate the contributions of crystallite size and microstrain 

β = βD + βε 

Where β is considered as the sum of the peak width due to the microstrain and the crystallite size. 

For the separation, the different dependence is utilized: the size broadening is proportional to cos
-1

 θand the 

strain broadening is proportional to tanθ, as shown in Fig. 2  so Williamson–Hall equation can be given as[9]: 

βCos θ=
0.94 𝜆

𝐷
 +4ε sinθ 

 

 

 
 

 
Fig. 2Williamson-Hall plot for SnO2, Al2O3, SnO2/Al2O3 nanocomposites. 

 

Observation from XRD is shown in table 1 showsa comparison between the lattice parameters for the obtained 

nanoparticles and the lattice parameters for the standard tetragonal crystals. The comparison showed a good 

agreement with the standard crystals. 

 
 

Sample  

 

SnO2 

75%SnO2 

& 

50%SnO2 

& 

25%SnO2 

& 

 

AL2O3 

https://www.sciencedirect.com/topics/chemistry/grain-size
https://www.sciencedirect.com/topics/chemistry/aluminium-oxide
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25%AL2O3 50%AL2O3 75%AL2O3 

Crystallite size (nm) by 

Scherrer 

28.29362 
 

28.1879 30.374 23.189 21.46 

Crystallitesize (nm) by 

waliamson 

29.438 29.818 34.491 24.113 16.085 

Strain*(10-4) 2.7 2.94 4.11 0.8 147.5 

a (A˚ ) 

 

SnO2 4.7107 4.744236 4.29487 4.36863  

Al2O3  7.400206 
 

7.658283 
 

7.990193 
 

7.546094 

c (A˚ ) 

 

SnO2 3.17492 3.17492 

 

3.17106 

 

3.17492 

 

 

Al2O3  19.88736 
 

21.01176 
 

21.02488 
 

21.02872 
 

c/a (A˚ ) SnO2 0.6729 0.6692 0.73834 0.72675  

Al2O3  2.6874 2.7435 2.6313 2.7867 

Table (1)Comparison between SnO2/Al2O3 nanocompositesparameters. 

 

3.2 HRTEM Analysis 

Fig.3 a,b,c,d and e shows the HRTEM images of SnO2, Al2O3 and SnO2/Al2O3 nanocomposites which 

is the best direct way to investigate nanoparticle size and shape. From HRTEM analysis, the primary particle 

size of the powder has been found to be approximately in the range of (20-80) nm. From these images, 

distribution of particle size of the powder is not uniform. It may be due to agglomeration of particles during the 

preparation of the samples. 

 

 
 

 

(a)                                                     (b)                                                           (c) 

 

 

  

 

 

 

 

 

 

 

(d)                                                                        (e) 

Fig.3HRTEM photographs(a),(b),(c),(d) and (e)of adding Al2O3on SnO2 nanoparticles by 0 %,25%, 50%, 75% 

and 100% respectively. 
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3.3 Optical properties 

Absorbance measurements at near normal incidence were performed over a spectral ranging between 200 and 

900 nm, Fig. 4 (a). The shapes of the curves were similar although differences in absorption were observed. 

With increasing the wavelength the absorption is decreased and  

The absorption onset of the grown SnO2, Al2O3 and SnO2/Al2O3 nanocompositessamples can be assigned to the 

direct transition of electrons in the samples which confirms the semiconducting nature of the samples[10]. 

The direct optical band gap with direct transition can be calculated using the relation.[11] 

αhʋ= B(hʋ - Eg)
1/2

 

Where hʋ is the photon energy and B is a constant that depends on the transition probability, a is the absorption 

coefficient and Eg is the optical band gap. 

The direct band gap (Eg) of our sample was measured from the absorption coefficient data as a function of 

wavelength using Tauc relation thereby extrapolating the straight line of the (αhν)
2
 vs. hν plot to intercept on the 

horizontal photon energy axis and were found to 3.66,3.67,3.68,3.69 and 3.711 eVrespectively as shown in Fig. 

4(b). 
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(a)                                                                (b) 

Fig.4 optical properties of SnO2, Al2O3 and SnO2/Al2O3 nanocomposites 

 

3.4 Electrical properties 

Ac conductivity which is frequency dependent conductivity. The σac (ω) obeys the Almond-West universal 

power law in the form of: 

σac (ω) = A0ω
s
 

 

Where ω is the angular frequency ω =2 πf, s is the frequency exponent, A0 is a constant and f is the operating 

frequency. The value of s can be determined from the linear slope of log σac (ω) versus log ω and dielectric 

constant can be determined by ε՜ =cd/Aε0 

Where cis the capacitance of the parallel plate capacitor, 𝜺0 is the permittivity of the free space,A is the area of 

parallel conducting plates and d is the separation between parallel conducting plates 

 

https://byjus.com/physics/parallel-plate-capacitor/
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Fig.5ac conductivity at different temperature as a function of angular frequency for SnO2/Al2O3 

nanocomposites. 

 

Fig.5 shows the typical ac conductivity behavior for the prepared SnO2, Al2O3 and SnO2/Al2O3 nanocomposites 

samples at different temperatures. It's observed that at low frequencies, the sample exhibits a frequency 

independent conductivity. This can be attributed to the random diffusion of charge carriers via hopping [12]. But 

at high frequencies σac is decreased with increasing the frequency. As the temperature increased the ac 

conductivity increased.  

The dielectric properties of SnO2, Al2O3 and SnO2/Al2O3 nanocompositeswere investigated in the frequency 

range 42-5 MHz and in temperature range 298 - 473K.  

It is clear from fig. 6 that ε
՝

decreases with increasing frequency and then achieves almost a constant value in the 

frequency region. The decrease of ε
՝

with frequency can be attributed to the fact that at low frequencies ε
՝

 for 

polar our material is explained by the contribution of multicomponent of polarization electronic, ionic, dipolar 

or orientation and space charge.  

A dielectric characteristic study of the grown samples indicates its response to an applied electric field. 

Variations in the dielectric constant ε
՝

may be attributed to different types of polarization, which may come into 

play at different stages of its responses to varying temperature and frequency of the applied alternating 

field.Also, the obtained results indicate that the values of ε՝  increase with temperature at all frequencies leads 

to the conclusion that rise of dielectric constant for the obtained samples with temperature may be due to 

increase in contribution from space charge polarization with temperature[13, 14] . 
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Fig.6The dielectric constant at different temperature as a function of angular frequency for SnO2/Al2O3 

nanocomposites. 

 

IV. Conclusion 
SnO2/Al2O3 nanocomposites were synthesized using facile, effective, and surfactant-free hydrothermal 

method. The crystallinity, crystallite size and the morphology of the prepared samples are studied by x-ray 

diffraction. The yield, crystallinity, crystallite size and other observed characteristic properties indicate that the 

used method is suitable and economical for obtaining SnO2/Al2O3 nanocomposites. The absorption and optical 

band gap were enhanced for the grown SnO2/Al2O3 nanocomposites.For future work we plan to use the obtained 

samples to fabricate humidity sensors. 
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