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 ABSTRACT 

  Nanoparticles of titanium dioxide have been synthesized via Microwave assisted Solvothermal method  

using Titanium tetra isopropoxide (TTIP) and Acetic acid as a precursors.  The obtained nanopowders were 

characterized by X-ray Diffraction (XRD), Scanning Electron Microscope (SEM), Fourier Transform Infrared 

(FTIR) and Ultraviolet Visible (UV-Vis) . XRD pattern indicates the cubic TiO2 structure with average crystallite 

size of 12 nm. FTIR spectra showed the vibrational bands of Ti-O. The morphology of the as prepared samples and 

chemical constituents of the nanoparticles studied using SEM and EDAX analysis. AC and DC electrical 

measurements are done on samples at various temperatures ranging from 303 K- 383 K. From the UV-Vis spectra 

the optical properties of TiO2 were studied and discussed.  
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I. INTRODUCTION 

      TiO2 is a multi-functional material whose physical and chemical properties have allowed to be suitable for 

a wide range of applications; it exhibits non-toxic properties and it is chemically inert and thermally stable. 

Particularly titanium dioxide, TiO2, has been studied extensively as photo catalyst to deal with environment 

pollution, water purification, wastewater treatment, hazardous waste control and air purification [1-5].Titanium 

dioxide (TiO2) is of great interest in technological applications due to its morphology and crystalline phase. TiO2 

exists three different phases, i.e., anatase, rutile, and Brookite. The active crystallite phases of TiO2 are anatase and 

rutile [6,7]. TiO2 has been widely studied regarding various applications, utilizing the photo catalytic and transparent 

conductivity, which strongly depend on the crystalline structure, morphology and crystallite size [8]. TiO2 

nanoparticles have been prepared by different methods such as, chemical precipitation method [9],chemical vapour 

deposition (CVD) [10], the sol-gel technique [11], sputtering [12], hydrolysis, micro emulsion method [13], spray 

deposition [14], aerosol-assisted chemical vapour deposition [15], thermal plasma [16], hydrothermal method [17], 

microwave assisted hydrothermal synthesis [18], solvothermal method [19] and flame combustion method [20]. 

Among these methods microwave assisted solvothermal method is a simple method to synthesis TiO2 nanoparticles.  

 It is reported that nano particles can be prepared in an easy manner using a domestic microwave 

oven[17].This method has been successfully applied for the preparation of nanosized inorganic materials[18-

20].Compared with conventional heating,microwave heating has an advantage of high efficiency and rapidformation 
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of nanoparticles with a nano size distribution. In this work, we have prepared TiO2 nanoparticles using micro wave 

assisted solution method. 

 

II. EXPERIMENTAL  

2.1 Materials : Titanium tetraisopropoxide (TTIP, 97%, (AR grade MERCK), Acetic acid [CH3COOH]   

      (Analytical regent, RANBAXY fine chemicals Limited, india) Deionised  water  

2.2 Synthesis of TiO2 Nanoparticles  

  The entire chemicals were purchased from Merck and used as received without further purification. In a 

typical reaction process, Titanim Tetra Isoprpoxide (TTIP) was dissolved in Acetic acid [CH3COOH] with a 

constant stirring at room temperature and then pH value was adjusted to 10 by drop wise addition of Sodium 

Hydroxide. During the synthesis, medium power was maintained and the temperature was maintained approximately 

at 70 o C. After the reaction was over to form the nanoparticles, they were centrifuged and filtered out. Then the 

nanoparticles were washed with de-ionized water for five or six times to remove the unwanted residues. The 

synthesized nanoparticles of TiO2 were dried in an oven at 50 o C. The synthesized nanoparticles were observed to 

be white in colour and very fine powder of TiO2. 

2.3 Material Characterization 

 The structure and phase purity of the powders were examined by powder X-ray diffraction (XRD) 

technique using an X-ray diffractometer (Model Bruker D-8). The phase purity and the presence of functional 

groups of the as-prepared ceria nanoparticles are analyzed using FT-IR spectroscopy(Shimadzu 8400S FT-IR 

spectrometer). To study the size-dependent quantum size effect and the optical quality of the TiO2 nanoparticles, 

optical absorption studies are carried out by UV-1800 series spectrophotometer. The morphologies of as-prepared 

samples were investigated through SEM ( Hitachi). 

 

III. RESULTS AND DISCUSSION  

3.1 X-ray diffraction (XRD) studies 

The powder XRD pattern for the as-prepared pure TiO2 nanoparticles is presented in the figure 1. It is 

observed that the XRD reflection peaks for pure TiO2 sample are in a perfect match with the diffraction pattern of 

TiO2 published in the (JCPDS File No.21-1272). All the reflections of powder XRD patterns of this work were 

indexed using the TREOR and INDEXINg software packages. The lattice parameters from powder XRD data were 

found using the UNITCELL software package and the obtained values were found to be are a = b = 3.7852 Å, c = 

9.5139 Å and α = β = γ = 90o Thus phase of TiO2 was observed to be cubic. The Powder X-Ray Diffraction patterns 

of the as prepared TiO2 showed the presence of broad peaks. The broad peaks indicate either particles of very small 

crystalline size, or particles are semi crystalline in nature.  
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Fig 1 X-ray diffraction pattern of TiO2nanopartilces 

 

The particle size of nanoparticles was determined using the Scherrer’s relation  

                             d= (0.9λ )/( β cosθ )  

where β is the full width at half maximum in radians, λ is the wavelength of X-rays used, θ is the Bragg’s angle.The 

sample are typical anatase titania crystal structure (21-1272) with peaks at  corresponding to (1 0 1), (004), (2 0 0), 

(1 0 5), (2 1 3), (1 1 6) and(2 1 5)]. From the Powder XRD spectrum the average crystallite size is found to be 12 

nm. 

3.2 FTIR Analysis 

The Infrared spectroscopy is effectively used to identify the functional groups of the synthesized 

compounds. The figure 2 shows the absorption peaks/bands in the FTIR spectrum of TiO2 nanoparticles. 
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 Fig 2 FTIR spectrum of TiO2 nanoparticles 

From this spectrum, it can be observed apparently that strong band in the range of 580 to 660 cm-1 is 

associated with the characteristic modes of TiO2. The absorption range around 3200cm-1 indicates that the presence 

of hydroxyl (stretching), which is probably due to the fact that the spectra were recorded in situ and some 

readsorption of water from the ambient atmosphere has occurred [25]. The absorption range around 1618 cm-1 may 

be related to hydroxyl (bending) groups of molecular water [20]. 
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3.3 UV-visible absorption studies 

UV-visible absorption spectral study may be assisted in understanding electronic structure of the optical 

band gap of the material.  
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Fig3. UV-visible absorption spectra ofTiO2 

Absorption in the near ultraviolet region arises from electronic transitions associated within the sample. UV–visible 

absorption spectra of pure Titanium dioxide nanoparticles were recorded and they are presented in the figure3. The 

spectrum in the figure 3 shows a strong absorption band in the UV region due to the charge transfer transitions 

between the energy states. In the figure 3, the absorption peak around 323 nm. It is found that the band gap of the 

TiO2 nanoparticles in the present study is 3.15 eV and this value is found to be smaller than that of bulk TiO2 

nanoparticles. The bulk band gap of TiO2 is 3.2 eV . 

 

3.4 SEM and HRTEM Studies: 

  The surface morphology of TiO2 has been studied using Scanning Electron Microscope. The SEM 

investigations of all the nano TiO2 samples reveal that the crystallites are nanometre size. Therefore the growth of 

Nano phase crystalline TiO2 particles is accelerated at higher calcinating temperature. Samples shows uniform 

morphology in the form of TiO2 nano clusters. 

                                      

Fig 4. SEM image  of TiO2 
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 HRTEM analysis provides information on particle size and shape, as shown in TEM images in Fig 5.of 

TiO2 . These images shows that the range of particles from 10 to 20 nm. It will give proof for the confirmation of 

supraaggregates as found in the image of HRTEM. 

 

           

                      

  Fig 5. TEM image  of TiO2 

3.5 Dielectric properties 

The frequency variation studies are carried out to understand the electrical homogeneity of the material by 

identifying the relaxation mechanism as well as the nature of electrical conduction. These studies also help to find 

out the dielectric parameters of the material. Dielectric properties are associated with electro-optic property of the 

materials. Microelectronics industry needs low dielectric constant (ɛr) materials as an interlayer dielectric [26-27].  

The complex permittivity (ε’) or dielectric constant of a system was defined by the equation, 

 

where ε’, ε’’, σ, ω, ε0 represented real part of dielectric constant of the material, imaginary part of dielectric 

constant of thematerial,conductivity,angularfrequencyandpermittivity of free space, respectively 

2 .6 2 . 7 2 . 8 2 .9 3 . 0 3 . 1 3 .2 3 . 3 3 . 4

- 5 0 0

0

5 0 0

1 0 0 0

1 5 0 0

2 0 0 0

 1 . 5
 2 . 5
 3 . 5
 4 . 5
 L in e a r  F i t  o f  S h e e t 1  C 1
 L in e a r  F i t  o f  S h e e t 1  B 1
 L in e a r  F i t  o f  S h e e t 1  F 1
 L in e a r  F i t  o f  S h e e t 1  E 1

 

 

ln
 

a
c T

(S
 p

e
r 

c
m

 K
)

1 0 0 0 / T  ( p e r  K )

d e m o d e m o d e m o d e m o d e m o

d e m o d e m o d e m o d e m o d e m o

d e m o d e m o d e m o d e m o d e m o

d e m o d e m o d e m o d e m o d e m o

d e m o d e m o d e m o d e m o d e m o

d e m o d e m o d e m o d e m o d e m o

 

Fig 6. Plot of ln(σac) versus 1000/T for TiO2 nano particles 
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Fig 7. The log ω vs. conductivity graph  for TiO2 

0 1 2 3 4 5 6 7

-25000000

-20000000

-15000000

-10000000

-5000000

0

 

 

 '

log  (rad per sec)

 303 K
 323 K
 343 K
 363 K
 383 K

d e m o d e m o d e m o d e m o d e m o

d e m o d e m o d e m o d e m o d e m o

d e m o d e m o d e m o d e m o d e m o

d e m o d e m o d e m o d e m o d e m o

d e m o d e m o d e m o d e m o d e m o

d e m o d e m o d e m o d e m o d e m o

   

0 1 2 3 4 5

0

200

400

600

800

1000

1200

1400

1600

 

 

ta
n


Log frequency Hz

 30
 50
 70
 90
 110

d e m o d e m o d e m o d e m o d e m o

d e m o d e m o d e m o d e m o d e m o

d e m o d e m o d e m o d e m o d e m o

d e m o d e m o d e m o d e m o d e m o

d e m o d e m o d e m o d e m o d e m o

d e m o d e m o d e m o d e m o d e m o

 

     Fig  8. log ω vs  graph  for TiO2                    Fig.9 . Loss tangent spectra of TiO2 nano      

                                        particles 

The electrical resistivity of nanocrystalline material is higher than that of both conventional coarse 

grainedpolycrystalline material and alloys. The magnitude of electrical resistivity and hence the conductivity in 

compositescan be changed by altering the size of the electrically conducting component. The hopping (exchange) of 

the charge carriers in the lattice sites (which is responsible for electrical conduction) is thermally activated by 

increasing temperature. As a result, dielectric polarization increases causing an increase in dielectric constant and 

dielectric loss. Electrical conductivity depends on thermal treatment of materials. The electrical conduction in 

dielectrics is mainly a defect controlled process in the low temperature region. The presence of impurities and 

vacancies predominantly determine this region. The energy needed to form the defect is much larger than the energy 

needed for its drift. 

The dielectric relaxation parameter of the TiO2was obtained from the plot of Tan δ as a function of frequency. The 

dielectric loss tangent (Tan δ) was defined by the equation, Tan δ = ε /ε′.  The variation of Tan δ with frequency has 

been presented in figure 9. Tan δ increased with increasing frequency thereby reaching a maximum, and then, 

decreased with further increase of frequency. 
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IV. CONCLUSIONS  

TiO2 Nano powders were successfully synthesized by Microwave assisted method using Titanium tetra 

isopropoxide and Acetic acid. The prepared TiO2 nanopowders were characterized by Powder XRD, FTIR,UV and 

SEM, analysis. The XRD spectra reveal that, the main phase of TiO2 nanopowders are anatase phase. FTIR spectra 

displayed the peaks attributed to the presence of O-H groups at 3220 cm-1 and 1618 cm-1. Also FTIR spectra show 

the vibrational mode of TiO2 around 600 cm-1. SEM image displayed the uniform morphology in the form of nano 

clusters. From UV-Vis spectra the band gap of TiO2 3.15 eV. The frequency dependence Ac conductivity was 

calculated by with help of different temperature region. 
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