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 

       Abstract: Sol-gel technique have been used to prepare the 

anastane titania thin films and it is deposited on glass substrates. 

Under vigorous stirring, substrates are dipped into the solution. 

The films were dried at atmospheric temperature. Oley amine 

(OM) was used as a chemical agent within the synthesis part and 

it had been aggressively stirred with titanium tetraisopropoxide 

(TTIP). Samples of thin films are annealed under 550
0
C for 15 

hours. To study the properties of structure,  X-Ray diffraction 

(XRD) analysis and Raman Spectroscopy has been taken place. 

Also by using Ultraviolet (UV) Spectroscopy, optical properties 

are analyzed for the samples. XRD results illustrated the 

amorphous structure and section of TiO2 and these results were 

additional confirmed by Raman spectrum analysis. Then 

ultraviolet light spectrographic analysis has been used for 

preparation of TiO2  lean films in association with the energy 

band three 3.26 and 3.22 eV, it is easy refers to make different in 

crystal structure for anatase titania. In addition, each samples 

have high transmission. 

   Index Terms: Optical properties, Raman spectroscopy,  

Sol-Gel technique, Titania Nanoparticle, X-Ray diffraction 

design. 

I. INTRODUCTION 

 The course of action for nanoparticles which has been done 

by different techniques, analysis of different procedure and 

its conditions strikingly impacts the nanoparticles properties. 

The features are listed as time taken and speed of reaction, 

rise of the temperature, predecessor, chemical reaction and 

composition, natural relationship of chemical reactions, 

transformation of phase, methods of preparation, and 

treatment of post heat for nanoparticles which impact on its 

state and size. Nanoparticles rely on all the above parameters 

by its determination and control. For instance, such 

parameters are accounted for proper treatment which 

performs better functionality [1]-[9]. For most recent two 

decades titanium dioxide standout as most often utilized 

semiconductor oxides which is an expensive material utilized 

in various applications of photovoltaic [1]-[14]. Because of it 

immense dielectric constant, Titania is utilized as dielectric 

gate which helps formation of field effect transistors 

[11]-[13]. Also, titania films have astounding properties, for 

instance, incredible strength, thermal stability is high and 

stability of chemical reaction is in the visible range [1]-[10], 

[15]-[18] 
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In many applications, Titania has been inconceivably 

utilized [1]-[9]. Because of its potential applications, making 

of Titania has become very essential. Assortment of 

techniques are listed as sputtering, chemical vapors 

deposition, electron beam evaporation, spray paralysis, 

hydrothermal, sol-gel and dip-coating have been  utilized for 

the preparation of titania films [17]. The places of titanium 

and oxygen components in the crystal structure of TiO2 

shows three unique stages, such as anatase, rutile and 

brookite [1]-[11]. The chemical, electrical and physical 

properties at these stages make it efficient for few 

applications. The rutile and anatase stages have been 

analyzed in contrast with most parts of the brookite stage to 

define the difficulties encountered during the production of 

pure brookite stage. Normally, the brookite stages can be 

found at temperature lesser than 3500C and it is converted to 

anatase stage during calcination at 7000C, above this range it 

is changed to rutile stage. The main characteristics of anatase 

stages are high surface area, high electron mobility, low 

density and low dielectric constant. Because of these 

characteristics, it is widely used in several applications 

including solar cells and batteries [1]-[9]. 

The titania nanoparticle morphology was uniquely utilizing 

different concentration of titanium n-butoxide as a 

foreunner, numerous surfactant fixation, certain reaction 

temperature, ethanol and water as a solvants [2]. Other 

examination revealed different morphologies of titania 

nanocrystals utilizing surfactant, titanium tetrafluoride 

(TiF4) and titanium tetrachloride (TiCl4) as the titanium 

predecessors. Tetragonal bipyramidal anatase nano 

composite with TiF4, brookite nanorods and anatase 

nanoplate with TiCl4 were discovered as forerunners [6]. 

Also, the morphology of titania Nanoparticles utilizing 

nanoaqueous method with TiCl4 was identified as the 

predecessor. They showed dissimilar morphologies, for 

instance, nanorods, nanoparticles, nanowire and 3D Wulff 

structures for different concentration of forerunner and 

varying response time [4].  Because of its sensitivity issues 

due to humidity, under inert gas conditions drawback is 

present in TiCl4. For the preparation of titanium dioxide 

nanoparticles various techniques has been proposed such as 

solvo thermal methodology, sol-gel methodology chemical 

vapour deposition technique, electron beam evaporation 

method, hydrothermal methodology, pulsed laser technique 

[10], [12]-[14].  
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Here, the sol-gel coating course was utilized because of its 

minimum cost, simple handing, control over stoichiometry 

and size of the crystallite, phase crystalline, chemical 

composition, morphology particle, temperature range of 

reaction, and time taken for ageing. It is low power 

utilization strategy which likewise gives better virtue, 

homogeneity, felicity and has capacity for covering the huge 

and complex zones [1], [15]. This experimentation intended 

to access the synthesis of nanostructured TiO2 thin films kept 

onto glass substrate with the help of sol-gel dip coating 

technique processed under room temperature and its 

properties are analyzed. 

II. EXPERIMENT MATERIALS AND 

PREPARATION 

Titanium isopropoxide (TIP, C12H28O4Ti), Oley amine 

(C18H37N), Acetone, C3H6O, Methanol, CH4O were 

utilized for the course of action taken to TiO2 thin films 

preparation. Titanium isopropoxide (TIP) was incrementally 

added to a mix of 20ml methanol and Oleyamine (OM). The 

molar proportion of Methanol/TIP/OM was looked with care 

for 9/1/0.1. the glass substrates were washed by consistent 

washing (acetone, methanol, distilled water). The solution 

was vigorously mixed and kept onto the glass substrates at 

8000 rpm for 30s. In this way, the resultant films were 

toughened at 5500C for 15 hours [1], [12]. Separate 

verification at different periods of titania thin films was 

performed by Raman Spectroscopy and XRD. Prepared 

samples are analyzed in terms of optical highlight with the 

help of UV spectroscopy. 

III. RESULTS & DISCUSSION 

A. Design of X – Ray Diffraction 

XRD design has been utilized for the stage recognition of 

deposit and strengthened at 5500C nanocrystalline TiO2 thin 

films onto glass substrate. Diffraction design of prepared 

films don’t demonstrate any peak value because of low 

crystallinity which demonstrate that the film have 

amorphous nature shown in Fig. 1a and 1b. The peak values 

situated at 2μ of about 25.1, 48.3, 63.1 and 70.1 related to the 

Miller records of (101), (200), (204), and (116) planes 

exclusively. These peaks show the arrangement of pure 

anatase stage for the post toughened film at 5500C shown in 

Fig. 1a and 1b. The nucleation and development of grains 

and increment in crystallinity are clearly looked for these 

films [16]. The consequences of XRD designs are correspond 

to the standard information of anatase period of TiO2. 

Scherrer condition has been utilized to compute the 

crystallite size of titania thin films and results indicated 

18-22nm particles sizes. Equation (1) gives the detailed 

calculation of average crystallite size. 

 

D = 0.9λ/βcosθ           (1) 

 

Where, D - average crystallite size, 

       λ - X-ray radiation wavelength 

       β - full width at half-maximum height 

       θ - Bragg diffraction angle [8] 

After the heat treatment, the size of the particle get 

incremented it could be attributable to the agglomeration and 

recrystallization of titania films at higher temperature [1], 

[8]. 

 

 
Fig. 1a. XRD patterns intensity range of deposited and 

annealed process 

 

 
Fig. 1a. XRD patterns range of degree for deposited and 

annealed process. 

B. Raman Spectroscopy 

The aftereffects of XRD were affirmed utilizing Raman 

Spectroscopy. Fig. 2a and 2b demonstrate the Raman spectra 

recorded at room temperature with excitation wavelength 

532 nm as the source in the scope of 100-800 cm -1 on a 

prepared and toughen titania thin films at 5500C. Fig. 2a and 

2b demonstrates no peak, recommending the indistinct 

nature of prepared film. As it is outlined in the Fig., three 

powerful modes at 144, 458 and 561 (cm-1 ) were recognized 

as anatase period in terms of titania for tests at 5500C. The 

area of bands is in great concurrence with past reports for 

anatase stage and no rutile follows were seen in the 

examples. Subsequently, the consequences of XRD are 

complimented by the study of Raman spectroscopy which 

demonstrated the typical vibrational modes for anatase TiO2 

[1]. 

C. Optical Properties 

The absorption edges are seen to be 380 and 385 nm for as 

deposited and annealed samples at 5500C respectively.  
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There is a red shift in the absorption wavelength which is 

related to the development in particle size after heat 

treatment [1], [8]. The energy band gap (Eg) of the films was 

evaluated from the immediate change of electrons from the 

highest point of the valance band to the base of the 

conduction band. The estimated energy band gap was 3.26eV 

for as deposited sample, from that point on lessened to 

3.22eV for 5500C annealed TiO2 fims. The reduction in the 

energy band gap after expanding the calcination temperature 

could be because of increment in particle size and phase 

transformation from amorphous to anatase [1], [12]. The 

transmittance (%) spectra of the as deposited and toughened 

films at 5500C were around 86 and 77 % respectively. The 

adjustment in transmitted is because of the expansion in 

surface scattering which is related to the surface harshness 

[1], [8]. The absorption coefficients ( ) of the films were 

evaluated from the transmission spectra (T) in the noticeable 

region utilizing the accompanying experimental articulation 

[16], [18]. 

 

 = 1/t ln (1/T)                (2) 

 

Where, T - maximum transmittance and  

        t – film thickness 

The estimated absorption coefficients at a wavelength of 

500nm were 96.7 * 106 m-1 and 94.6 * 106 m-1 for as 

deposited and annealed titania thin film at 5500C which 

conspicuously show a reduction trend after heat treatment.  

 

 
Fig. 2a. Raman patterns intensity range of deposited and 

annealed process. 

 
Fig. 2b. Raman patterns range of degrees for deposited and 

annealed process. 

 

Incident photon energy (hv) and absorption coefficient 

( ) relationship is given by 

 

hv = A(hv - Eg)
n                

 (3) 

 

Where, A – Value of constant, 

       h – Constant of Planck’s 

       v – Incident radiation frequency 

       Eg – Material band gap and 

       n = 1, for direct gap and  

       n = 4, for indirect allowed transition.  

By using above relation, optical energy band gap (Eg) has 

been calculated. The same values as obtained using the 

relation (2) have been achieved by applying expression (3). 

The band gap values have been also evaluated [17], [18]. 

IV. CONCLUSION 

 Here we have effectively utilized sol-gel coating 

technique and designed nanostructured titania films. The 

properties of TiO2 films were inspected during the impact of 

treatment of post heat. Aftereffects of XRD affirmed that the 

indistinct nature for as synthesized and anatase stage for 

sintered sample at 5500C. These outcomes were additionally 

affirmed that by using Raman spectroscopy. The properties 

of TiO2 thin films are impacted by the process of post 

annealing. Crystallite size was extended and the optical 

examination uncovered the edge of absorption and decrease 

in the essential band gap and transmission spectra after heat 

treatment. The past was credited with adjustment in titania 

thin films crystal structures and the later was attributable to 

either change in transformation of phase and size of the 

particle.  

REFERENCES 

1. D. Dastan, P.U. Londhe, N.B. Chaure, Characterization of TiO2 

nanoparticles prepared using different surfactants by sol–gel method, J. 

Mater. Sci: Mater. Electron. 25(8), 3473 (2014) 

2. D. Cao-Thang, N. Thanh-Dinh, K. Freddy, D. Trong-On, Shape-Controlled 

Synthesis of Highly Crystalline Titania Nanocrystals, ACS Nano. 3(11), 

3737 (2009). 

3. D. Dastan, Nanostructured Anatase Titania Thin Films Prepared by Sol-Gel 

Dip Coating Technique,  J. Atomic Mol. Condens. Nano Phys. 2(2), 109 

(2015) 

4. R. Roman, R.L. Edson, Size and Shape Tailoring of Titania Nanoparticles 

Synthesized by Solvothermal Route in Different Solvents, J. Am. Ceram. 

Soc. 96(1), 96 (2013) 

5. D. Dastan, S.L. Panahi, N.B. Chaure, J. Mater. Sci: Mater. Electron. 27, 

12291 (2016) 

6. R.G. Thomas, C. Matteo, P. Taejong, M. Filippo, T.W. Ralph, F. Paolo, 

B.M. Christopher, Nonaqueous Synthesis of TiO2 Nanocrystals Using TiF4 

to Engineer Morphology, Oxygen Vacancy Concentration, and 

Photocatalytic Activity, J. Am. Chem. Soc. 134, 6751 (2012) 

7. D. Dastan, S.L. Panahi, A.P. Yengantiwar, A.G. Banpurkar, Morphological 

and Electrical Studies of Titania Powder and Films Grown by Aqueous 

Solution Method Adv. Sci. Lett. 22(4), 950 (2016) 

8. D. Dastan, N.B. Chaure, Influence of Surfactants on TiO2 Nanoparticles 

Grown by Sol-Gel Technique, J. Mater. Mech. Manuf. 2(1), 21 (2014) 

9. D. Dastan, N. Chaure, M. Kartha, Surfactants assisted solvothermal derived 

titania nanoparticles: synthesis and simulation J. Mater. Sci.: Mater. 

Electron. 28, 7784 (2017) 

 

 

 

 



 

Preparation of Titania Thin Films Using Sol-Gel Techniques 

10 

Published By: 

Blue Eyes Intelligence Engineering 

& Sciences Publication  
Retrieval Number: E1924017519/19©BEIESP 

 

Author-1 

Photo 

Author-2 

Photo 

 

Author-3 

Photo 

 

 

10. M. Madani, K. Omri, N. Fattah, A. Ghorbal, X. Portier, Influence of silica 

ratio on structural and optical properties of SiO2/TiO2 nanocomposites 

prepared by simple solid-phase reaction, J. Mater. Sci: Mater. Electron 28, 

12977 (2017) 

11. M. Riazian, A. Bahari, Pramana, Synthesis and nanostructural 

investigation of TiO2 nanorods doped by SiO2, J. Phys. (PRAMANA) 

78(2), 319 (2012) 

12. D. Dastan, S.W. Gosavi, N.B. Chaure, Studies on Electrical Properties of 

Hybrid Polymeric Gate Dielectrics for Field Effect Transistors, Macromol. 

Symp 347, 81 (2015) 

13. D. Dastan, A. Banpurkar, Solution processable sol–gel derived titania gate 

dielectric for organic field effect transistors, J. Mater. Sci: Mater. Electron 

28, 3851 (2017) 

14. M.R. Niazi, R. Li, E.Q. Li, A.R. Kirmani, M. Abdelsamie, Q. Wang, W. 

Pan, M.M. Payne, J.E. Anthony, D.-M. Smilgies, S.T. Thoroddsen, E.P. 

Giannelis, A. Amassian, Solution-printed organic semiconductor blends 

exhibiting transport properties on par with single crystals, Nat. Commun. 

(2015) 

15. B. Karunagaran, S.J. Chung, E.-K. Suh and D. Mangalaraj, Dielectric and 

transport properties of magnetron sputtered titanium dioxide thin films, 

Physica B. 369 (2005), 129 

16. M.J. Alam and D.C. Cameron, Characterization of transparent conductive 

ITO thin films deposited on titanium dioxide film by a sol–gel process, 

Surf. Coat. Technol. 142-144 (2001), 776 

17. S.S. Kale, R.S. Mane, H. Chung, M.-Y. Yoon, C.D. Lokhande and S.-H. 

Han, Use of successive ionic layer adsorption and reaction (SILAR) 

method for amorphous titanium dioxide thin films growth, Appl. Surf. Sci. 

253 (2006), 421 

18. S.M. Sze and K.K. Ng, Physics of Semiconductor Devices, Chapter 4, p. 

138, Wiley Publication, India (2010). 

 AUTHORS PROFILE 

 

First Author personal profile which contains their 

education details, their publications, research work, 

membership, achievements, with photo that will be 

maximum 200-400 words. 

 

 

 

  

Second Author personal profile which contains their 

education details, their publications, research work, 

membership, achievements, with photo that will be 

maximum 200-400 words. 

 

 

Third Author personal profile which contains their 

education details, their publications, research work, 

membership, achievements, with photo that will be 

maximum 200-400 words. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


