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Abstract 

Nanocrystalline  TiO2 nanoparticles was prepared via solution combustion method. Structural and optical 

variations based on the influence of different annealing temperatures were investigated. Phase transformation 

of TiO2 nanoparticles were confirmed by XRD. Morphological information of the samples were obtained 

through SEM. Vibrational frequencies between the bonds of atoms for synthesized TiO2 nanoparticles were 

analyzed by Fourier Transform Infra-Red (FTIR).UV-Visible spectroscopy helped in studying the influence of 

temperature on optical band  gap of the samples. The study reveals that phase transformation decreases the  

band gap  of corresponding sample.PL emission spectrum indicate that mixed phase shows remarkable 

luminescence than  pure phase.  
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I. INTRODUCTION 

Titanium dioxide has received a lot attention due to 

its chemical stability, non-toxicity, low cost, 

chemical, thermal, optical, and dielectric 

properties[1-5]. Nanosized  TiO2 particles are ideal 

semiconducting materials for  applications in the 

field of photocatalysis, gas sensors, pigments, 

paints, toothpaste, chemical sensors, 

microelectronics, electrochemistry, and solar cell 

etc. In nanoscale, large surface-to-volume ratios 

and quantum-size effect play an important role in 

controlling the properties of particles than their 

bulk counterparts[6-9].Titanium dioxide has been 

accepted as a polymorph materials because it can 

exist in three main structures, anatase (tetragonal), 

rutile (tetragonal) and brookite 

(orthorhombic). Among these anatase and rutile 

phase exhibit highest photocatalytic applications 

due to their high reactivity[10].Different 

preparation methods were used for the synthesis of 

TiO2 nanoparticles such as sono-chemical method, 

electrochemical method, microwave irradiation, 

solid state reaction method, Sol-gel technique, 

thermal decomposition technique, Hydrothermal 

and hydrolysis techniques[11-14]. All of these 

methods, simple solution combustion method is an 

ideal method for rapid and easiest preparation of 

metal oxides nanoparticles in air at ambient 

pressure[15]. 

In the present study, we have made an approach to 

synthesis TiO2 nanoparticle by solution combustion  
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method followed by annealing at different 

temperatures.  

Prepared samples are characterized by 

XRD,SEM,FTIR,UV-Visible and 

photoluminescence spectroscopy. 

 

II. EXPERIMENTAL DETAILS 

Here all chemical reagents used were of analytical 

grade. The Titanium isopropoxide and glycene 

were used as starting materials in this synthesis. 

Glycene used as fuel in solution combustion 

method. Titanyl nitrate solution was prepared by 

controlled hydrolysis of Titanium isopropoxide and 

distilled water forming titanyl hydroxide. It react 

with nitric acid gives tianyl nitrate. Chemical 

reaction occurred during the processes are given 

below: 

 Ti(OC4H9)4 +3 H2O           TiO(OH)2 + 4 C4H9OH  

TiO(OH)2 + 2 HNO3          TiO(NO3)2 + 2 H2O 

 Titanyl nitrate and glycene were mixed with 

distilled water and stirred well using a magnetic 

stirrer for about 30 min. After it placed in a hot 

plate which boils and forming a highly viscous 

fluid. After certain time it catches fire  and ignited 

with flames on the surface forming a white 

powdered product. The powder was annealed at 

temperatures of 200
0
C,600

0
C and 700

0
C. The 

overall chemical reaction can be written as: 

3TiO (NO3)2 + 5C2H5NO2        3TiO2  + 8N2 + 5CO2 

+ 10H2O 

Crystalline phases and to estimate the crystallite 

size of nanoparticles were identified by Bruker 

AXS D8 Advance with Cu target radiation (λ 

=1.5406 A
0
).Morphology of nanoparticles were 

studied through JEOL, JSM - 6390LV Scanning 

electron microscopy. Functional group 

determination of the prepared samples are 

identified through a Fourier Transform Infra- Red 

(IR Prestige-21) Spectrometer in the wave number 

in the range of  400-4000cm
-1

.Optical absorption 

spectra of synthesized samples were recorded by 

UV-2450 spectrophotometer. LS Fluorescence 

Spectrometer was used to measure emission spectra 

of  nanoparticles.  

 

III. RESULTS AND DISCUSSIONS 

3.1.X-Ray Diffraction 

 

Fig1.XRD pattern of TiO2 nanoparticles 

annealed at (a)200
0
C,(b)600

0
C and (c)700

0
C 

Diffraction analysis provides detailed information 

on the crystal structure and phase purity of 

nanoparticles. Diffraction peaks at 25
o
, 37

o
, 48

o
, 

54
o
, 55

o
, 62

o
, 69

o
, 75

o
 corresponds to anatase phase 

of TiO2  nanoparticles which are in consistent with 

the JCPDS file no. 861157 data. An additional 

diffraction peak at 36
 o

 appeared  on increasing 

annealing temperature. It found to be in good 

agreement with those from JCPDS file no. 

781510.It belongs to rutile phase of TiO2  

nanoparticles. Further annealing enhance the 

intensity of  peak corresponding to rutile phase. It 

represents the anatase- rutile mixed phase of  TiO2  

nanoparticles. The average crystallite size of 

nanoparticles were  estimated  by using Scherer 

equation[16]: 





cos

K
D 

                                             (1) 
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Lattice parameter of TiO2 nanoparticle can be 

determined by using the formula: 

2
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(2) 

Weight fraction of anatase phase of TiO2 

nanoparticle was calculated by using the 

expression[17-18]:

                                       

AI

RIAX

265.11

100





                                       (3)

 

Where XA is the weight fraction of anatase in the 

mixture, IA and IR is the integrated intensity of 

anatase (101) and rutile (110) peak  respectively.  

Table 1. Crystallographic parameters obtained 

from TiO2 nanoparticles 
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Table 1 summarizes parameters obtained from 

XRD. Crystallite size  increases during phase 

transformation from anatase to rutile phase. It 

indicate the enhancement in crystallinity with rise 

in annealing temperature[19].As listed in table 

1,weight fraction of anatase phase decreases with 

rise in annealing temperature.Also weight fraction 

of rutile phase is higher in 700
0
 C than that of 

600
0
C.This is because the phase conversion from 

anatase to rutile starts from 600
0
C and increases 

with rise in annealing temperature. 

 
3.2.Scanning Electron MICROSCOPY 

 

 

Fig2.SEM image of TiO2 nanoparticles 

annealed at (a)200
0
C,(b)600

0
C and (c)700

0
C 

SEM image taken for TiO2 nanoparticles annealed 

at different temperatures are shown in 

fig2.Morphology revealed that nanoparticles 

appeared more like an assembly of spherical 

particles. Porous nature attributed to the liberation 

of liberation of large amount of gaseous products 

like H2O vapours, CO2 and N2 during combustion 

process.   
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3.3.FTIR Spectroscopy 

 

Fig3.FTIR pattern of TiO2 nanoparticles 

annealed at (a)200
0
C,(b)600

0
C and (c)700

0
C

 
Various functional group present in the prepared 

samples are obtained through IR spectroscopy. 

Spectrum recorded in the wave number range of 

400-4000 cm
-1

.Fig 3 represents the FTIR pattern of 

TiO2 nanoparticles.Frequency absorption band of 

Ti-O-Ti band lies in the range of 600-400    cm
-

1
[20]. Peak appearing at 595 cm

-1 
 show stretching 

vibration of Ti-O bond.Peak observed at 3200 cm
-1 

and 1583 cm
-1

 corresponds to bending vibration 

mode of physically appeared water. Peak located at 

1369 cm
-1

 due to C=O bending vibrations.As 

annealing temperature increases frequency 

 

absorption band corresponding to Ti-O bond get 

sharpened. It clearly indicate the phase 

transformation of TiO2 nanoparticles from anatase  

to rutile. 

      3.4.UV-VISIBLE SPECTROSCOPY

 

Fig4.Absorbance spectra of TiO2 nanoparticles 

annealed at (a)200
0
C,(b)600

0
C and (c)700

0
C  

 

Fig5.Tauc plot of TiO2 nanoparticles 

annealed at (a)200
0
C,(b)600

0
C and (c)700

0
C 

The optical properties of the samples were 

characterized by UV absorbance spectroscopy. The 

optical absorption spectra of TiO2 nanoparticles  

are shown in Fig 4.Optical absorption maximum 

lies in the range of 300-350 nm. As annealing 

temperature increases optical absorption edge shift 

towards higher wavelength region. This red shift 

may be due to change in the particle size[21-23].  

The optical absorption co-efficient of prepared 

nanoparticles are expressed by the equation: 

 ngEhA  
                                                 

(4)                                                                      

Where α is the absorption coefficient, Eg is the 

absorption band gap, A is constant, n depends on 

the nature of the transitions, n may have values ½, 

2, 3/2 and 3 corresponding to allowed direct, 

allowed indirect, forbidden direct and forbidden 

indirect transitions respectively. In this case n=1/2 

for direct allowed transition[24].Optical band gap 

of prepared samples are obtained by the plot of 

(αhν) 
2
 vs (hν).Extrapolation of linear region to the 

X axis gives Eg. Nature of plot suggests a direct 

interband transition. Obtained band gap values 

corresponding samples are shown in Fig 5.It can be 
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seen that as increasing annealing temperature 

reduces the band gap of synthesized samples. 

Reduced band gap indicate the presence of 

relatively densily packed crystal structure. It is 

known that as crystallite size increases band gap 

decreases[25]. 

 

3.5.Photoluminescence Spectroscopy 

 

Fig6.PL spectra of TiO2 nanoparticles 

annealed at (a)200
0
C(b)600

0
C and (c)700

0
C 

The efficiency of charge carrier trapping and 

migration, and to understand the fate of electron-

hole pairs in semiconductors can be investigated by 

PL spectra[26]. Fig 6 represents the PL spectra of  

TiO2 nanoparticles annealed at different 

temperatures, at an excitation wavelength of 325 

nm. Emission peaks are placed at 420 nm,455 

nm,480 nm and 526 nm. Herewith most intense 

emission originated from 455 nm. It may be 

assigned to charge recombination at the shallow-

trap surface state which act as radiative centers[27]. 

Violet emission originated from shallow traps with 

oxygen vacancies[28]. Self-trapped excitons 

localized on TiO6 octahedral have also been 

identified at 480 nm[29]. Green emission may also 

due to the presence of oxygen vacancies. The band 

edge emission at 340 nm can be attributed to 

recombination of exitons [30].The PL intensity of 

anatase-rutile mixed phase is much more intense 

than anatase phase. It may due to increase in the 

rate of recombination of electron and holes in 

mixed phase[31]. 

 

IV. CONCLUSION 

In summary,TiO2 nanoparticles were successfully 

synthesized and characterized by solution 

combustion method. Phase transformation of TiO2 

nanoparticles from pure anatase to anatase-rutile 

mixed phase can be identified with increase in 

annealing temperature. Average crystallite size of 

nanoparticles increases during phase conversion. 

Morphological analysis can be achieved by SEM. 

Chemical bonding stability of Ti-O can be 

identified by FTIR spectroscopy. It can be seen that 

optical band gap of prepared samples decreases 

during phase change from anatase to rutile. PL 

intensity of mixed phase is higher when compared 

to pure phase. This wide band gap and efficient 

light emission nature of synthesized samples  make 

suitable for  solar cell and photocatalytic 

applications. 
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