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ABSTRACT 

In this research work,TiO2 nanoparticles was synthesised by solgel method using titanium (IV) isopropoxide and 

calcinated at 500 °C, 600 °C and 700 °C for five hours. The synthesised nanoparticles are characterized by using X-ray 

Diffraction studies (XRD), Field Emission Scanning Electron Microscopy (FESEM), Energy Dispersive X-ray Spectroscopy 

(EDXA), UV-Vis Diffuse Reflectance Spectroscopy (UV-Vis), Photoluminescence Spectra (PL), High Resolution 

Transmission Spectroscope (HRTEM) and Fourier Transform Infra-Red Spectroscopy (FTIR). The synthesized nanoparticle 

of TiO2 calcinated at 500 °C and 600 °C for 5 h shows anatase nature crystal structure and temperature increased to 700° C, 

they undergo structural changes to rutile structure at the same duration of calcination. Average crystallite size can be 

determined by Debye-Scherrer formula for synthesized nanoparticles shows the particle sizes range from 30 nm to 47 nm. 

EDXA analysis confirms no impurities present in the sample. The band gap value decreases from 2.95 eV to 2.79 eV when 

calcination temperature increases in the UV-Visible analysis. The photoluminescence study of TiO2 shows the direct 

recombination between electrons in the conduction band and holes in the valence band. FTIR analysis shows the bending 

and stretching mode of Ti-O-Ti. HRTEM of TiO2 nanoparticles shows nearly spherical with approximately particles size of 

35 nm to 50 nm. The cytotoxicity activity of TiO2 nanoparticles calcinated at 500 °C, 600 °C and 700 °C has been explored. 
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1. INTRODUCTION 

TiO2 is naturally occurring in oxide of Titanium. 

The high refractive index, non-toxic property, high 

chemical stability are some of the important properties of 

titanium dioxide and it has relatively low-cost of 

production (Kamat et al. 1999; Rammal et al. coworkers 

2002; Rubing Zhang et al. 2004).Generally, Titanium 

dioxide has been used in paints as a pigment and filler 

(Krishnamurthy Prasad et al. 2010), ointments, 

toothpaste etc (Shuai Yuanet al. 2005; Juergen, Braun et 

al. 1992; Zallen  and Moret 2006). Figure 1 shows the 

three forms TiO2, rutile (Tetragonal, a=b=3.78A°, 

c=9.5A°), anatase (Tetragonal, a=b=3.78A°, c=9.5A°) 

and brookite (Rhombohedral, a=5.43A°, b=9.16A°, 

c=5.13A°) forms. All crystalline forms TiO2 consist of 

[TiO6]2- octahedral structure. Anatase form of TiO2 

possess a wider optical band gap (3.2 eV), a higher fermi 

level, a smaller electron effective mass, and high mobility 

of charge carriers. But rutile phase is highly stable phase 

at high temperature (Mogyorosi et al. 2003). The edges 

and corners of this structure have different manners, but 

the overall stoichiometry as TiO2 (Mark et al.1983; 

Weast et al. 1984). Anatase phase has changed to rutile 

phase is usually occurs at 600 °C to 700 °C (Czanderna 

et al. 1958; Yoganarasimhan and C.N.R.Rao 1962). This 

phase transition to rutile is non-reversible. Because, rutile 

form has greater thermodynamic stability compared to 

anatase phase (Reidy et al. 2006; Navrotsky and Kleppla, 

1967).  

A nanoparticle of titanium dioxide plays an 

important role in the fields of photo catalyst material for 

degradation of organic contaminants (Desong Wang et 

al. 2011) and as a self disinfecting material for surface 

coating in many applications. It is used in environmental 

purification, photo-electric chemical conversions in solar 

cells (Alam Khan et al. 2010), electronic devices, photo 

electrodes and gas sensors. The properties of Titanium 

dioxide such as photo induced super-hydrophobicity, 

nontoxicity and antifogging effect have been used in 

removing bacteria and harmful organic materials from 

water and air.  The size, the crystalline structure, and the 

morphology of the TiO2 nanoparticles strongly affect the 

performance of the TiO2 (Kavan et al.1996; Krol et 

al.1997; Hadjipanayis et al. 1994;). So, there are variety 

of researchers focusing on the preparation of 

nanoparticles of TiO2 using ethanol along with different 

acid and bases.  
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Fig. 1: Crystal structures of TiO2 rutile, anatase and brookite 
phase.  

In this work, an easy and new way of 

synthesizing nano particles of TiO2 using titanium (IV) 

isopropoxide, ethanol and hydroxylamine hydrochloride 

has been discussed. Synthesised TiO2 nanoparticles have 

been employed for the characterization such as X-ray 

Diffraction (XRD), Field Emission Scanning Electron 

Microscopy (FESEM), Energy Dispersive X-ray 

Spectroscopy (EDXA), Ultraviolet-Visible Diffuse 

Reflectance Spectroscopy (UV), Photoluminescence 

Analysis (PL), Fourier Transform Infra-Red 

Spectroscopy (FT-IR), and High Resolution 

Transmission Electron Microscopy (HRTEM). 

 

 

2. EXPERMENTAL METHODS 

2.1 Material 

Titanium isopropoxide (Sigma-Aldrich > 97 % 

pure), ethanol (Hayman (German) 99.99 % pure), 

hydroxylamine hydrochloride (Sigma-Aldrich, 99 % 

pure) were used as precursors and is used without any 

further purification. Doubly distilled water was used for 

the whole synthesis process.  

2.2 Physicochemical Characterization 

The X-ray diffraction pattern analysis for TiO2 

nanoparticles was recorded by Lab X XRD6000 

Shimadzu model with Cu-Ka radiation. The structure and 

morphology of the nanoparticles were investigated by 

Field Emission Scanning Electron Microscope (FESEM) 

using FEI Quanta FEG 200-High Resolution Scanning 

Electron Microscope. The absorption spectra and optical 

band gap of the TiO2 nanoparticles samples were 

measured by using UV-Vis spectrophotometer (JASCO 

U-670 Spectrometer) and the alcohol as a solvent. The 

spectrum was recorded between 200-800 nm. A 

Photoluminescence spectrum was recorded between 370-

770 nm and it was carried out by using Horiba Jobnyvon 

model spectrophotometer and the alcohol is used a 

solvent. FTIR absorption spectrum was recorded by 

JASCOFP8200 spectrophotometer. The particle size and 

lattice structure of the individual crystal was visualised 

by using High Resolution Transmission Electron 

Microscopy JE2100 (JEOL-200KV, LB6 filament) and 

EDXA analysis was carriedout to find the composition of 

TiO2 samples by using the detector attached with the 

same instrument.  

2.3 Synthesis of Pure TiO2 Nanoparticles 

Aqueous solution of titanium (IV) isopropoxide 

was used as starting material. Solgel is the most simple 

and sophisticated method proposed by Byun et al. 2000 

among the various methods for producing nanoparticles. 

The sol was prepared by mixing titanium iso propxide  

and ethanol having molar ratio 1:8 and dissolved in 1000 

ml of deionised water at room temperature. 

Hydroxylamine hydrochloride 0.694 g was dissolved in 

100 ml of deionised water and added gradually to the 

titanium iso propoxide sol.   After 45 min of vigorous 

stirring, the suspension was centrifuged and precipitate 

obtained was washed with single step deionised water. 

After centrifugation, the precipitate was dried at 105° C 

till the samples were converted into dry powder. The 

prepared samples were calcinated at 500° C, 600° C and  

700° C for five hours at a constant temperature of 2° 

C/min. 
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2.3 Cytotoxicity Activity of TiO2 

2.3.1 Methodology 

2.3.1.1 Cell Line 

The human embryonic kidney cell line (HEK 

293) was obtained from National Centre for Cell Science 

(NCCS), Pune and grown in Eagles Minimum Essential 

Medium containing 10 % fetal bovine serum (FBS). The 

cells were maintained at 37° C, 5 % CO2, 95 % air and 

100 % relative humidity. Maintenance cultures were 

passaged weekly, and the culture medium was changed 

twice a week. 

2.3.1.2 In vitro Cytotoxic Activities for TiO2 Nanoparticles 

The monolayer cells were detached with 

trypsin-ethylenediamine tetra acetic acid (EDTA) to 

make single cell suspensions and viable cells were 

counted using a hemocytometer and diluted with medium 

containing 5 % FBS to give final density of 1x105 

cells/ml. One hundred microlitres per well of cell 

suspension were seeded into 96-well plates at plating 

density of 10,000 cells/well and incubated to allow for 

cell attachment at 37° C, 5 % CO2, 95 % air and 100 % 

relative humidity. After 24 h the cells were treated with 

serial concentrations of the test samples. They were 

initially dispersed in phosphate buffered saline (PBS) and 

an aliquot of the sample solution was diluted to twice the 

desired final maximum test concentration with serum 

free medium. Additional four serial dilutions were made 

to provide a total of five sample concentrations (0.25 µg, 

2.5 µg, 25 µg, 50 µg, and 100 µg/ml). Aliquots of 100 µl 

of these different sample dilutions were added to the 

appropriate wells already containing 100 µl of medium, 

resulting in the required final sample concentrations. 

Following sample addition, the plates were incubated for 

an additional 48 h at 37° C, 5 % CO2, 95 % air and 100 

% relative humidity. The medium containing without 

samples were served as control and triplicate was 

maintained for all concentrations. 

2.3.1.2 MTT Assay 

3-[4,5-dimethylthiazol-2-yl]2,5-diphenyltetraz 

-olium bromide (MTT) is a yellow water soluble 

tetrazolium salt. A mitochondrial enzyme in living cells, 

succinate-dehydrogenase, cleaves the tetrazolium ring, 

converting the MTT to an insoluble purple formazan. 

Therefore, the amount of formazan produced is directly 

proportional to the number of viable cells. 

After 48 hours of incubation, 15 µl of MTT (5 

mg/ml) in phosphate buffered saline (PBS) was added to 

each well and incubated at 37° C for 4 h. The medium 

with MTT was then flicked off and the formed formazan 

crystals were solubilised in 100 µl of DMSO and then 

measured the absorbance at 570 nm using micro plate 

reader.  

• The percentage cell growth was then calculated with 

respect to control as follows  

 

      % Cell growth = [A] Test / [A]control x 100 

 

• The % cell inhibition was determined using the 

following formula.  

 

% Cell Inhibition=100-Abs(sample)/Abs(control)100. 

3. RESULTS & DISCUSSION 

3.1 X-Ray Diffraction Study (XRD) 

The XRD patterns of TiO2 samples calcinated at 

500° C, 600° C and 700° C shown in the figure 2. It is 

clear that the TiO2 present in its anatase form at 500° C, 

600° C. Phase transformation to rutile form is identified 

in XRD results when calcination temperature increased 

to 700° C. The obtained 2θ values  and corresponding 

(hkl) planes are  25.3° (101), 38° (004), 48° (200), 54° 

(105), 63° (204), 69.23° (116), 70.89° (220), 75.38° 

(215) respectively for TiO2 nanoparticles calcinated at 

500°C, 600°C (JCPDS Card No.21-1272).When 

calcination temperature increases to 700° C, shows the 

shifting of peaks at 27.3°, 36°, 41.2°, 54°,69° (in figure 

2(c) corresponding to the hkl values (110),  (101), (111), 

(210), (112) (JCPDS Card No.88-1175) indicate that 

phase has been changed from anatase into rutile. The 

preferred peak for 2θ value 25.3° was observed with 

corresponding plane (101), which is the strongest peak 

among other peaks for all the TiO2 nanoparticles 

calcinated at temperatures of 500° C, 600° C which is not 

available when the calcination temperature increased to 

700° C, supports the changes in phase from anatase to 

rutile. The peaks of the graph are in good agreement with 

the literature report by Akarsu et al. (2006).The average 

size of the particles was calculated using Debye-

Scherrer’s formula.  

                  Crystallite size = 0.9λ / β cos θ, 

 

Where β is the full width at half-maximum (FWHMhkl) 

of an hkl peak at 2 θ value,  

 

θ is the half of the scattering angle. 

 

 The calculated particle size of TiO2 nanoparticles is 

approximately about 30, 37 and 47nm respectively.  

 

3.2 Field Emission Scanning Electron 
Microscope (FESEM) 

FESEM images provide information about the 

surface morphology. From the images shown in the 

figure 3, confirms the grains of nanoparticles of TiO2 

appear to be nearly spherical and uniform sized particles 

and coherent together. However, the individual spherical 
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particles are not clearly seen due to the nano-clusters 

formed during the growth. 
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Fig. 2: XRD patterns of TiO2 nanoparticles calcinated at (a) 
500 °C (b) 600 °C (c) 700 °C. 

3.3 Energy Dispersive Analysis by X-Rays 
(EDXA) 

EDXA is used for chemical composition of a 

material. Figure 4 shows the EDXA of TiO2 

nanoparticles which contains only peaks of titanium and 

oxygen. From the figure 4 (a, b and c), it is clear that TiO2 

is free from impurities.  

 

 

 

Fig. 3: FESEM images of TiO2 nanoparticles calcinated at (a) 
500 °C (b) 600 °C (c) 700 °C. 

3.4 UV–Visible Diffuse Reflectance 
Spectroscopy (UV-Vis) 

Fig. 5 shows the UV-Visible spectra of the TiO2 

at different temperatures of 500°C,    600° C and 700° C. 

It shows the absorbance can be decreased at wavelength 

after 350 nm for intrinsic band gap absorbance of TiO2 

due to electron transition from the valence band to the 

conduction band. Red shift  was observed for  TiO2 

c 

a 

b 
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nanoparticles in the absorbance edge is due to  this 

change in surface morphology, particles size (Senthil et 

al. 2014) and also variation in the absorbance may be due 

to variation  in the annealing temperature (Elangovan et 

al. 2015). The band gap is determined by analysing the 

absorption of incident light by the nanomaterials. The 

band gap energy can be determined by extrapolation of 

the absorption edge onto the x-axis and by using the 

Planck’s equation 

Eg=h C/λ 

 

Where, Eg is the energy gap of pure TiO2 at absorption 

wavelength λ, h is the   Planck’s constant,                                 

C is the velocity of light. 

 

The calculated band gap value for TiO2   was 

calcinated at 500° C, 600° C and 700° C are 2.95 eV, 2,86 

eV and 2.79 eV respectively. The band gap energy 

decreased with the increase of calcinated temperature. At 

higher calcinated temperature 700° C shows lowest band 

gap (2.79) is due to rutile phase is formed which has a 

bigger particle size (Swapan et al. 2010). 

3.5 Photoluminescence Study (PL) 

The photoluminescence spectrum was recorded 

for TiO2 nanoparticles which are shown in figure 6. The 

emission of first peak in the photoluminescence spectra 

obtained at three calcination temperature of TiO2 

nanoparticles between 360 nm to 420 nm corresponds to 

the direct recombination between electrons in the 

conduction band and holes in the valence band (Liqiang 

et al. 2004). The presence of emission peaks in the visible 

region is due to the presence of defect levels below the 

conduction band. Similar peak has been observed in 

earlier work on TiO2 nano particles (Vijayalakshmi and 

Rajendran 2012). 

The presence of broad peak in the visible region 

of PL spectrum indicates the presence of defect levels 

below the conduction band and the electronic transition 

takes place by defect levels such as oxygen vacancies in 

the band gap (Zhao et al. 2007).  

 

  

 

  
 

 
 

Fig. 4: EDXA pattern of TiO2 nanoparticles calcinated at (a) 500 °C (b) 600° C (c) 700 °C. 

a b 

c 
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Fig. 5: UV-Vis diffuse reflectance spectra of TiO2 
nanoparticles calcinated at 500 °C, 600 °C and 700 °C. 

Fig. 6: Photoluminescence spectra of TiO2 nanoparticles     
calcinated at 500 °C, 600 °C and 700 °C. 
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Fig. 7: FTIR spectra of TiO2 nanoparticles calcinated at 500 °C, 600 °C, and 700 °C. 

 

 

 

 
 

Fig. 8: High Resolution Transmission Electron Microscope image of TiO2 nanoparticles prepared by sol-gel method. 
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TiO2  nanoparticles calcinated at 500° C TiO2 nanoparticles calcinated at 600° C TiO2 nanoparticles calcinated at 700° C 

0.25 µg 0.25 µg 
0.25 µg 2.5 µg 

 
0.25 µg 2.5 µg 

 
25 µg 

 
25 µg 25 µg 50 µg 25 µg 50 µg 

100 µg 100 µg 100 µg 
 

Control 100 µg 
 

Control 

Fig. 9: Percentage inhibition of TiO2 nanoparticles calcinated at 500 °C, 600 °C, 700 °C. 

Table 1.  Percentage of inhibition and IC50 value for different calcinated TiO2 nanoparticles at various concentrations. 

 

 

3.7 High Resolution Transmission Electron 
Microscope (HRTEM) 

The HRTEM was used to confirm the 

distribution pattern, growth of prepared nanoparticles 

and also confirm the size of nano particles by directly 

measured from the ruler of the images. In general, TiO2 

nanoparticles have strong tendency to agglomerates to 

form a larger particle. The image 8 shows that most of 

the TiO2 nanoparticles aggregates together and also 

spherical or nearly spherical and expand shaped particles 

with approximately uniform size of 35 nm to 50 nm. This 

exhibit lattice fringes which was used to calculate d-

spacing and found to be 0.222 nm. This d-spacing value 

has been compared with standard JCPDS data 

corresponds to the plane (200) of anatase. 

3.8 Cytotoxicity Activity of TiO2    

The synthesised TiO2 nanoparticles assessed 

cytotoxic effects after 48 h exposure and cisplatin was 

used as standard  Mosmann et al. 1983; Monks et al. 

1991;.  Figure 8 shows the percentage inhibition of TiO2 

nanoparticles calcinated at 500° C, 600° C, and 700° C.  

The IC50 value is found greater than 100 μg/ml against 

Percentage inhibition of TiO2 

nanoparticles calcinated  at 
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Conc 

(µg/ml) 

%  cell 

inhibition 

IC50 

value 

(μg) 

0.25 0 
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human embryonic kidney cell line (HEK 293) for tested 

TiO2 nanoparticles.  This result indicates TiO2 

nanoparticles did not shows any cytotoxicity activity at 

the tested concentrations. Table 1 shows the % of 

inhibition and IC50 value for different calcinated TiO2 

nanoparticles at various concentrations.  The tested TiO2 

nanoparticles low or did not show cytotoxicity activity 

against human cell line. 

4. CONCLUSION 

Titanium dioxide nanoparticles have been 

successfully synthesized by solgel method with using of 

hydroxylamine hydrochloride as a hydrolysis catalyst. 

From the XRD analysis, anatase phase was identified for 

TiO2 nanoparticles calcinated at 500° C and 600° C for 5 

h and converting it into rutile form when it is calcinated 

at 700° C for 5 h. TiO2 nano particle size determined from 

Debye-Scherrer’s formula is 30 nm, 37 nm and 47 nm. 

EDXAanalysis shows that no impurities are present in the 

prepared TiO2 samples. UV-Visible spectrum of TiO2 

nanoparticles at three temperatures shows red shift  in the 

absorbance edge and is due to  the change in surface 

morphology, particles size.The band gaps of nanoTiO2 

measured by graphical method are 2.95 eV, 2.86 eV and 

2.79 eV. Photoluminescence study indicates that the 

strong emission peaks obtained in 383 nm, 385 nm and 

385 nm region confirm direct recombination between 

electrons in the conduction band and holes in the valence 

band. High Resolution Transmission Electron 

Microscope of TiO2 nanoparticles shows aggregate 

together and also spherical or nearly spherical with 

approximately uniform  size of  35 to 50 nm. FTIR 

spectrum analysis shows the peaks at 433 cm-1, 514 cm-1 

to700 cm-1 shows bending and stretching mode of Ti-O-

Ti. The cytotoxicity activity results of TiO2 at different 

temperatures show very small or no cytotoxicity activity. 
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