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This paper presents synthesis of titanium dioxide nanoparticles by solgel method using 

titanium (IV) isopropoxide. The method is simple and easy to reproduce. Structural and 

micro structural characterizations of TiO2 nanoparticles were carried out using X-ray 

diffraction (XRD), Scanning Electron Microscopy (SEM) techniques. The particles of 

synthesized TiO2, shows anatase nature crystal structure, when calcined at 500°C and 

600°C for 5 hours, but when calcined at 700°C they undergo structural changes to rutile 

structure at the same duration of calcination. XRD calculations of TiO2 prepared by solgel 

method showed particle size from 30 to 47nm. Elemental analysis was done by energy 

dispersive X-ray atomic spectrum.TiO2 nano particles were further characterised by UV- 

Visible spectroscopy and photoluminescence study. From the UV-Visible analysis, it has 

been revealed that when calcinations temperature increases, the band gap decreases from 

3.1 to 2.85eV. The luminescence property of the TiO2nanoparticles was analysed by the 

photoluminescence spectrum, which confirmed that direct recombination between 

electrons in the conduction band and holes in the valence band. The photocatalytic activity 

of synthesized TiO2nanoparticles has been investigated using methylene blue dye as model 

dye. The irradiation time of the TiO2nanoparticles prepared by sol-gel method were taken 

into account for the photocatalytic degradation process. 
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1. Introduction 
 

TiO2 is also known as Titania, and it is a naturally occurring oxide of Titanium. The light 

absorption, high refractive index, non-toxic property, chemically high stable are some of the 

properties of Titanium dioxide and it has relatively low-cost production [1-5]. Titanium dioxide 

has been widely used in paints as a pigment and filler [6], ointments, toothpaste etc [7-9]. Particles 

of Titanium dioxide have important role in the fields of photo catalyst material for degradation of 

organic contaminants [10], environmental purification, sensors and photo-electric chemical 

conversions in solar cells [11], electronic devices, photo electrodes and gas sensors. The 

performance of TiO2 is strongly depends on size, the crystalline structure, and the morphology of 

the particles [12–15]. The shape, crystal structure and size of TiO2 do not only vary with surface 

stability changes, but also the transitions take place between various phases of TiO2 under heat and 
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pressure. Normally TiO2 exist in three forms, 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. These all crystalline forms consist of [TiO6]
2-

 octahedral structure. Anatase form 

of TiO2 has 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 [16]. The edges and corners of this structure have different manners, but the overall 

stoichiometry as TiO2 [17, 18]. Transformation of Anatase-to-Rutile is usually occurs at 600 to 

700°C [19-21]. Phase transition to Rutile is non-reversible. Because, Rutile form has greater 

thermodynamic stability compared to anatase phase [22, 23]. So there has been a variety of 

researchers focusing the preparation of nanoparticles of TiO2 using Ethanol along with different 

acid and bases, for various applications. Hence a novel approach, in this paper, an easy way of 

synthesizing nano particles of TiO2using Titanium (IV) Isopropoxide Ethanol and hydroxylamine 

hydrochloride has been discussed.  

 

 

2. Materials and methods 
 

Aqueous solution of Titanium (IV) Isopropoxide (purity>99.9%) analar grade (Sigma-

Aldrich) was used as starting material. Solgel is the most simple and sophisticated method 

proposed by Byun et.al, [24] among the various methods for producing nanoparticles. Titanium iso 

propoxide is used as starting material. The sol was prepared by mixing Titanium iso propxide 

(3ml) with 24 ml of Ethanol and dissolved 1000ml of deionised water  at room temperature. The 

molar ratio of Titanium isopropoxide is 1:8 respectively. Hydroxylamine hydrochloride 0.694gms 

was dissolved in100ml of deionised water and added gradually to the Titanium isopropoxide sol.   

After 30 minutes 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 calcined at 500°C 

600°C and 700°C for five hour at a constant temperature rise of 2°C/minute. 

X-ray diffraction pattern analysis for pure TiO2 nanoparticles was recorded by                

LabX XRD6000 Shimadzu model with Cu-Ka radiation. The structure and morphology of the 

nanoparticles were investigated by Scanning Electron Microscope (SEM) using Jeol JSM 6390 

Scanning Microscope. The absorption spectra and optical band gap of the TiO2 nanoparticle 

samples were measured by using UV-Vis spectrophotometer (JASCO U-670 Spectrometer). The 

photoluminescence analysis was carried out by using Horiba Jobnyvon. 

 

 

3. Results and discussion 
 

3.1. X-Ray Diffraction Analysis (XRD) 

Figs. 1, 2 and 3 show the XRD patterns of TiO2 prepared by solgel method calcined at 

500°C, 600°C and 700°C respectively. From the XRD pattern it is clear that the TiO2 is in its 

Anatase form when it is calcined 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 samples calcined at 500°C, 600°C 

(JCPDS Card No.21-1272).When calcination temperature increases to 700°C, shows the slight 

shifting of peaks at 27.3°,36°,41.2°,54°,69° (in figure 3) 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 calcined 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 [25]. The average size of the particles 

was calculated using Debye-Scherrer’s formula. Crystallite size = 0.9λ/βcosθ, where β is the full 
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width at half-maximum (FWHMhkl) of an hkl peak at 2θ value, θ is the half of the scattering angle. 

From the formula, the calculated particle sizes are given inTable-1 
 

 

Table 1: Crystallite size of synthesized TiO2 by solgel method at different calcined temperatures 

 

S.No TiO2 synthesized by solgel method Crystallite size(nm) 

1 Calcined at 500°C 30nm 

2 Calcined at 600°C 27nm 

3 Calcined at 700°C 47nm 

 

 

 

Fig. 1. XRD pattern of TiO2 at 500°C 

XRD pattern of TiO2 at 500°C 
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Fig. 2: XRD pattern of TiO2 at 600°C 

XRD pattern of TiO2 at 600°C 
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Fig. 3: XRD pattern of TiO2 at 700°C 

 

 

3.2. Scanning Electron Microscope 
The images of TiO2 nanoparticles under Scanning Electron Microscope are shown in Fig. 

4, 5 and 6. From the images, it has been confirmed that the grains of nanoparticles of TiO2 appear 

to be nearly spherical and uniform sized particles and coherent together. However, the individual 

spherical particles are not clearly seen due to the nano-clusters formed during the growth.  

 

 

Fig. 4. Scanning Electron Microscope image of TiO2 prepared by sol gel method 

calcined at 500°C 

XRD pattern of TiO2 at 700°C 
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Fig. 5. Scanning Electron Microscope image of TiO2 prepared  

by sol gel method calcined at 600°C 

 

 

Fig. 6. Scanning Electron Microscope image of TiO2 prepared by sol gel method calcined at 700°C 

 

3.3. Energy Dispersive Analysis by X-rays (EDX) 

EDXA is used to analyze the chemical composition of a material. Figure 7 represents the 

EDXA of TiO2 nanoparticles prepared by solgel method. EDXA shows only peaks of titanium and 

oxygen. From figure 7, it is clear that TiO2 is free from impurities. The same results were 

reproduced for all the synthesized TiO2 samples. 
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Fig. 7: EDXA Analysis of TiO2 prepared by solgel method. 

 

3.4. UV-VIS analysis of TiO2nanoparticles 

UV-Visible spectroscopy measurement has been performed to measure the absorbance and 

band gap for TiO2 nanoparticles. The optical absorbance spectra of TiO2 nanoparticle at 500, 600 

and 700
o
C are shown in figure 8. The absorption spectra of all TiO2 samples exhibit strong 

absorption below 400nm.The UV-Visible spectrum of TiO2 nanoparticle samples at 500, 600 and 

700
o
C indicates the absorption peaks at around 346nm, 349nm and 345nm. 

 

 

Fig 8.UV-Vis absorbance spectra of TiO2 samples calcined at (a) 500
o
C (b) 600

o
C. 

(c)  700
 o 

C 

 

 

The direct band gap (Eg) of the samples is determined by fitting the absorption data to the 

direct transition   

 

Αhυ =Ed(hυ-Eg)
1/2 
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 Where α is the optical absorption coefficient, hυ is the photon energy, Eg is the direct band 

gap, and Ed is a constant [26]. The band gap, (Eg), of TiO2 can be measured by  graph drawn 

between (αhυ)
2 

against photon energy, and extrapolation the linear portion of the curve to 

absorption equal to zero as given in figure 9 (also called a Tauc plot) [27,28]. 

 

 
 

Fig. 9:  UV-Vis absorbance spectra and band gap of TiO2 samples calcined at 

(a) 500
o
C (b) 600

o
C (b) 700

o
C 

 

 

 The UV Visible spectrum of TiO2 nanoparticle samples at 500, 600 and 700
o
C indicate the 

absorption at around 346 nm, 349nm and 345nm in UV region. The spectrum of TiO2 nanoparticle 

at 500and 600
o
C shows the good agreement with band gap of Anatase phase [29]. When the 

calcination temperature increases, the band gap gradually decreased from 3.1 to 2.85eV. At high 

calcined temperature of 700
o
C, the band gap was at the lowest value (2.850eV), smaller crystallite 

size have larger band gap [30]. This range of band gap for TiO2 nano particles confirms that the 

formation of TiO2 nano particles are in Anatase form at annealing temp 500and 600
o
C[29]. This 

gives good agreement with XRD particle size determination of TiO2 nanoparticle samples prepared 

by solgel method.   

 

 

3.5. Photoluminescence (PL) study 

The photoluminescence spectrum has been recorded for TiO2 nanoparticles prepared by 

solgel method and it is shown in figure 10. The emission of first peak in the photoluminescence 

spectra obtained for three temperatures of calcinations of TiO2 nanoparticles between 360 to 

385nm corresponds to the direct recombination between electrons in the conduction band and 

holes in the valence band [31]. Similar peak has been observed in earlier work on TiO2 nano 

particles [32]. 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 [33].  
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Fig.10: Photoluminescence spectra of TiO2 samples calcined at (a) 500

o
C (b) 600

o
C 

(c) 700
o
C 

 

 

3.6. Photocatalysis Decolorisation of Methylene blue on TIO2nanoparticles 

 The Photocatalytic activity of TiO2 nanoparticles were investigated using Methylene blue 

as a model dye and UV irradiation. TiO2 nanoparticles prepared by solgel method calcined at 

600
o
C  has taken  for this analysis. Fig. 11 and 12 shows efficiency of decolorisation, with the 

effect of concentration of the dye in presence and absence of TiO2 nanoparticles. The 

decolorisation proceeds slowly in the early stages of irradiation and very fast thereafter. The 

decolourisation also takesplace very slowly in the absence of the catalyst TiO2. This is consistent 

with the observations of Kuo and Ho[34].  

 

 

Fig.11. Effect of Concentration of Methylene Blue on the effienciency of decolourisation  

in UV in presence of TiO2 
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Fig. 12. Effect of Concentration of Methylene Blue on the efficiency of decolourisation  

in UV in absence of TiO2 

 

 

It is seen that, under UV irradiation, the colour removal efficiency in terms of percentage 

of the initial dye concentration decreased with increase in the initial concentration of the dye, 

presence of the catalyst. At higher concentration of the dye, the path of photon entering the 

solution decreases and at low concentration the reverse effect is observed higher concentrations 

lead to a reduction in the light penetration and thus reduction in the exposure of catalyst surface. 

 

Dye(MB)(ads)+ UV→Dye*(ads) 

Dye*(ads) + TiO2 nanoparticles → Dye*(ads) + h
+
 + e

-
 

e
-
 +O2 → O2 

h
+
 +OH

-
  → OH 

Dye*(ads) + O2 → Dye*(ads) +2O(
1
D) 

 

 

4. Conclusion 
 

Titanium dioxide nanoparticles have been successfully synthesised with using of 

Hydroxylamine Hydrochloride as a hydrolysis catalyst. Anatase TiO2 is obtained by solgel method 

when calcined at 500°C and 600°C for 5 hours. TiO2 prepared by solgel method is converted to 

Rutile form when it is calcined at 700°C for 5 hours. TiO2 nano particle size determined from      

X-ray diffraction analysis is 30 nm, 27nm and 47nm. EDXA analysis shows that no impurities are 

present in the prepared TiO2 samples. UV-Visible spectrum of TiO2 nanoparticles at three 

temperatures indicates strong absorption in the region of 346 nm, 349nm and 345nm for 500, 600 

and 700
o
C.The band gaps of nanoTiO2 measured by graphical method are 3.10ev, 2.90ev and 

2.85eV. Photoluminescence study indicates that the strong emission peaks obtained in 383nm, 

385nm and 385nm region confirm direct recombination between electrons in the conduction band 

and holes in the valence band. From the results, is it clear that, the prepared TiO2 particles are 

nano-sized and possess Anatase and Rutile phase. The decolourisation of Methylene Blue 

takesplace  slowly in the initial stages of  photocatalytic  reaction  and increases thereafter in the 

presence of the catalyst TiO2. But decolourisation takeplace very slowly in the earlier stage of 

photo catalytic reaction and slightly increases in the absence of TiO2. 
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