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Abstract: This review reports the major characteristics associated with titanium–dioxide 

nanoparticles for different methodology. Titanium dioxide has drawn attention worldwide 

for large scale manufacturing due to its properties along with nontoxic behavior for 

various applications. Titanium dioxide is considered as suitable for materials for pollution 

degradation and helps to promote the rate of photosynthesis. Structural properties were 

discussed with help of X-ray diffraction that helps to investigate physical characteristics. 

The estimated crystallite size found to be increase with increase in temperature. 

Morphological analysis was done with the help of scanning electron microscopy and 

transmission electron microscopy. The morphological behavior shows the formation of 

homogeneous spherical nanoparticles and agglomeration obtained for sample calcinated at 

higher temperature.  
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1. INTRODUCTION 

 

Today's generation is surrounded by a large number of problems such as air pollution, water 

pollution, water treatment, energy crises and much more. From decades ago large numbers of 

solutions were proposed and executed in order to tackle problems but none of them was such 

efficient enough to minimize the problems. Scientists looked at a large number of materials 

either naturally existing or synthesized in laboratories to reduce environmental issues and 

energy crises such ZnO, SnO, graphene oxide, and various oxide materials. Titanium dioxide 

(TiO2) nanoparticles were found to be more efficient and then highly researched topic owing 

to its properties [1-4]. During the development of nanotechnology it was observed that at 

nanoscale, properties analysis and their alterations can be precisely performed in a controlled 

manner. In this prospective, researchers decided to synthesize nanoparticles of TiO2 for 

desired properties and take the advantage of titanium dioxide properties at commercial level. 

Nanorods, nanotubes and nanowires are some of the known morphologies in which TiO2 can 

be obtained under controlled manner in laboratory [5]. There are large number of synthesis 

method available in laboratories such as hydrothermal method, chemical vapor deposition 

technique, microwave heat treatment method, solvothermal method, sol-gel technique out of 

which sol-gel is most convenient, affordable and controllable method for synthesizing TiO2 

nanoparticles [5,6]. It was known from the past that TiO2 exists in many phases and among 

them anatase and rutile are well explored phases because of their stability to retain their 

unique properties for high temperature [6-9]. Therefore, a large number of products in a 

market contain TiO2 as one of the important ingredients in it such as paints, food, solar cells, 

drug carriers, plastic, rubber, antibiotics, sunscreen and other cosmetics [10-13]. It is also 

observed that suitable dopant enhances its properties in every aspect from structural 
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properties to catalytic which ultimately leads to material of interest to scientists [14-18]. In 

present research work discussed about the major characteristics associated with TiO2 

nanoparticles. 

 

2. RESULTS AND DISCUSSION 

 

E. P. Melian et al. [9] were used the sol-gel route for synthesizing TiO2 nanoparticles where 

structural analysis reveals the crystalline nature of titanium dioxide nanoparticles. Diffraction 

peaks confirmed anatase phase at the temperature range 120-500 oC and rutile phase at the 

temperature range 600-700 oC. The estimated crystallite size for 120, 400, 500, 600, 650 and 

700 oC were 5, 9, 14, 29, 34, 40 nm and 39, 45, 45 nm (rutile temperature range). Moreover, 

for hydrothermal treatment, the estimated crystallite size for 120, 400, 500, 600, 650 and 700 

were 7, 9, 15, 33, 34, 36 nm and 39, 49, 50 nm (rutile temperature range). Morphological 

analysis of TiO2 nanoparticles was done by transmission electron microscopy (TEM). TEM 

images bare the synthesize of TiO2 nanoparticles via sol-gel method and hydrothermal 

treatment possess homogeneous spherical shape with estimated particle size 5-6 nm & 8-9 

nm. Similarly, calcinated TiO2 nanoparticles via sol-gel method and hydrothermal treatment 

possess 34-45 nm estimated diameter. The estimated band gap of TiO2 nanoparticles were 

closed to commercial band gap 3.09 eV. M. Boutinguiza et al. [10] were investigated the 

laser ablation technique for synthesizing TiO2 nanoparticles. Results report the controlled 

morphology and crystallite size by laser parameter. The obtained particles were found to be 

the spherical in shape at nanometer regime. Estimated particle diameter of about 600 particles 

was ~ 13 nm. High resolution transmission electron microscopy images confirm the 

crystalline nature of prepared nanoparticles and confirmed formation of lattice fringes. Fast 

Fourier transform clears the formation of polycrystalline nanoparticles. M. M. El-Nahass et 

al. [11] were reported the sol-gel spin coating method for the preparation titanium-dioxides 

films. Electron diffraction pattern confirmed the formation of polycrystalline tetragonal 

system with lattice constant a=4.53 Å and c=2.92Å. XRD diffraction peak position 

corresponding to (210), (111), (002) and (210) diffraction planes confirm rutile phase of TiO2 

film. The estimated crystallite size was 19-46 nm using TEM data. The estimated direct and 

in-direct band gap was found to be 3.721 and 3.47 eV respectively. Q. Wang et al. [12] were 

discussed the effect of heat treatment for the synthesis of TiO2 nanoparticles. Structural 

analysis confirms the crystalline nature with confirmed anatase phase for sample annealed at 

450 oC and the estimated particle size using Scherrer formula for samples annealed at 450 oC 

were 11.8 nm. Morphological analysis of TiO2 nanoparticles had done by scanning electron 

microscopy (SEM) and shows agglomeration for heat treated at 450 oC along with estimated 

particle size 5-15 nm whereas TiO2 nanoparticles annealed at 550 oC possess spherical with 

estimated particle size 16-20 nm. XPS data revealed binding energy 464.34 eV & 458.59 eV 

and 464.38 eV & 458.63 eV corresponds to Ti 2p1/2 & Ti 2p3/2 when annealed at 450 oC and 

550 oC. A. O. Araoyinbo et al. [13] were analyzed the prepared nanoparticles through sol-gel 

technique for samples at different pH 3, 7 and 8 calcined at different temperature. Crystalline 

nature of TiO2 nanoparticles confirms the presence of anatase phase for heat treatment at 350 
oC. Although, sample calcined at 750 oC showed rutile phase in crystal where as intermediate 

calcinations (550 oC) reveals the existence of anatase along with some percent of rutile phase. 

Morphological analysis illustrates the irregular morphology with estimated particle diameter 

0.22 µm, 0.32 µm and 0.18 µm for pH 3, 7 and 8. 

 

 

3. CONCLUSION 
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TiO2 nanoparticles play an essential role in a wide range of applications such as sunscreen, 

paints and air purification that’s why the rapid use of nanoparticles subjected in large-scale 

industrial production for technological benefits at low cost. Moreover, TiO2 nanoparticles 

help in reducing the unwanted oxides from the environment to overcome indoor pollution 

which definitely improves health of living beings. TiO2 features a wide bandgap which helps 

in improving efficiency of solar cells by embedding TiO2 nanoparticles in it because this 

improves the electron conductivity during photocatalytic process in solar cells which can 

withstand at high temperature as well when continuously exposed to sunlight. Thus 

improvement in solar cell efficiency brings a revolutionary change in the utilization of 

renewable source of energy which ultimately helps in tackling energy crises in many 

developing and developed country. 
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