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Abstract 

Thin films of iron (Fe) doped titanium dioxide (Fe:TiO2) were prepared on a glass substrate by sol–

gel spin coating technique and further calcined at 450C. The Structural and optical properties of Fe 

doped TiO2 thin films were investigated by X-ray diffraction (XRD), scanning electron microscopy 

(SEM), ultraviolet–visible spectroscopy (UV–vis) and Atomic force microscopic (AFM) techniques. 

The XRD results confirm the nanostructured TiO2 thin films having crystalline nature with anatase 

phase. The characterization results shows that the calcined thin films having high crystallinity and 

the effect of iron substitution leads to decreased crystallinity. The SEM investigations of Fe doped 

TiO2 films also gave evidence that the films were continuous spherical shaped particles with a 

nanometric range of grain size and film was porous in nature. AFM analysis establishes that the 

uniformity of the TiO2 thin film with average roughness values. The optical measurements show 

that the films having  high transparency in visible region and the optical band gap energy of TiO2 

with ion (Fe3+) doping decreases with increase in iron content. These important requirement for the 

Fe:TiO2 films to be used as window layer in solar cells.  
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Introduction 
 

In research and development, the TiO2 will become an important wide band gap semiconductor and 

photoelectric conversion material. TiO2 coating has been investigated by many researchers because 

TiO2 is stable, nontoxic with band gap of 3.21 eV making it possible for photovoltaic1 and photo 

catalytic2 application. It is well known TiO2 nanoparticles with good physico-chemical properties 

are mainly dominated by three phases namely anatase, rutile and brookite. On a nanometer scale or 

in a thin layer form, TiO2 nanoparticles are transparent and have a wide surface area3. To improve 

the performance of TiO2 thin film for photovoltaic application such as dye sensitized solar cell, TiO2 

layer has been modified by the adding metal ions dopant such as Fe 4 and Zn 5. It is also reported that 

to improve the crystal size of TiO2, treatment such as by optimizing dopant concentration of the 

precursor can be performed 6. 

 

Many applications of TiO2 thin film is at the basis of fundamental properties that relate to surface 

and interface features of the film. A wide range of metal ions, in particular transition metal ions such 

as iron 7, chromium 8 and cobalt 9, have been used as dopants for TiO2 with the intention of 

improving photovoltaic and extending absorption into the visible light range. Iron (Fe) has been the 

most widely examined among these elements.  

 

Fe-doped TiO2 thin   films can be prepared   by   several techniques, including sol–gel 10, reactive 

sputtering 11, pulsed laser deposition 12, evaporation 13, chemical vapor deposition 14, and spray 
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pyrolysis 15 etc...  The sol-gel technique has emerged as one of the most promising method as it 

produces samples by simple synthetic route with good homogeneity, low cost, excellent 

compositional control and feasibility of producing thin films on large complex shapes with low 

crystallization temperature. 

 

In the present work, Fe-doped TiO2 films were deposited on glass using sol-gel spin coating 

technique. The effect of the Fe dopant on the structural, morphological and optical properties of the 

resultant TiO2 thin films useful to photovoltaic applications in solar cells. 

 

2. Experiment 

2.1. Materials 

The precursors used in the preparation of Fe doped TiO2 film by sol-gel spin coating technique were 

Titanium tetra isopropoxide (TTIP, 98%), isopropanol (98%) for dopant Ferric oxide (98%), 

methanol (97%), and hydrochloric acid (97%) from Sigma Aldrich Co. Ltd. The glass plate is used 

as a substrate.  

2.2. TiO2 film preparation  

Nano crystalline un-doped TiO2 and Fe doped TiO2 thin films were deposited on glass substrates 

using sol-gel spin coating method. The sol is based on the hydrolysis of alkoxide in alcoholic solution 

in the presence of an acid catalyst. Titanium isopropoxide (TTIP) (Ti (OCH (CH3)2 )4 is used as the 

TiO2 precursor while isopropanol (CH3 CH(OH)–CH3), ethanol (CH3OH) and hydrochloric acid 

(HCl) is used as solvent and catalyst respectively. The procedure of preparation includes the 

dissolution of methanol, isopropanol as solvent and hydrochloric acid, titanium isopropoxide is also 

added as precursor after mixing for 24 h the adequate proportions. A schematic flow chart of the Fe -

doped TiO2 thin films prepared by a sol–gel spin coating process is shown in Fig. 1. We obtain at the 

final a transparent solution of yellowish color and ready for the deposit. The dopant solution for Fe 

doped TiO2 thin film were prepared with different atomic weight percentage of Fe concentration and 

is defined as x= [Fe/(Ti+Fe)]×100. After stirring at room temperature for 24 h, the Fe doped TiO2 

sols were Spin-coated on glass substrate. Spin coating process was done by dropping ~ 0.2 mL of 

solution onto glass substrates spun in air for 60 s at 4500 rpm. Instantaneous heating at 100oC for 30 

min was following this spin coating process. Subsequently calcination was carried out using a furnace 

at 450oC for an hour.  
 

2.3. Characterization of TiO2 film  

 

The X-ray diffraction (XRD) analysis was carried out for identifying the crystal phase with a 

XPERT-PRO X-ray diffractometer with Cu Kα radiation in the range of 2 theta values from 20° to 

80° (λ = 0.1540nm). The structural characteristics of TiO2 films were analyzed by VEGA3 TESCAN 

scanning electron microscope and Atomic force microscope (AFM XE-100). The properties of the 

films deposited on glass substrates were examined with the normal incident transmittance measured 

by a UV–VIS spectrophotometer (Lambda 35 UV/Vis (Perkin Elmer)).  
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Fig. 1:  Flow chart of the TiO2 and Fe-doped TiO2 thin films prepared  

by a sol–gel spin coating process. 

 

3. Result and discussion 

 

3.1. X-ray diffraction analysis 
 

X-ray diffraction patterns of Fe3+ doped TiO2 thin films calcined at 450C for 1 h are shown in Fig. 

2. The diffraction pattern exhibits characteristic peaks (anatase) corresponding to 2 theta values 25, 

37, 48, 53, and 62 as (110), (004), (211), (200), and (204) respectively.  The crystalline nature 

(tetragonal) and purity of the sample are confirmed by comparing the data with JCPDS (card No: 04-

0477) data. The width of peak of anatase to became narrower. This was due to the enhancement of 

crystallization and the growth of crystallites. The result reveals that the intensity of diffraction peak 

decreases with an increasing Fe3+-dopant concentration. This phenomenon caused by the Fe3+-doped 

TiO2 film can exhibit the crystallization of anatase TiO2. The average crystallite size of the TiO2 thin 

films with Fe3+-doped concentrations (5 wt. % and 10 wt. %) calcined at 450C determined, by the 

Scherrer’s equation 16. The size of TiO2 thin films decreases from 24.1 to 7.8 nm when the Fe3+ 

doped concentration increases from 5 wt.% to 10 wt.% 17. 
 

10 20 30 40 50 60 70 80

(204)(211)(200)(004)

(101)

 10 wt%  Fe:TiO2

 5 wt% Fe:TiO2

 

 

In
te

n
s

it
y
 (

a
.u

.)

2 Theta (degree)

Un doped TiO2

 
Fig.2. X-ray diffraction pattern of Fe doped TiO2 thin film calcined at 450C 
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3.2. Surface morphological analysis 

 

3.2.1. Scanning Electron Microscopy Analysis 

 

The SEM micrographs (Figure 3) of TiO2 and 5 wt.% and 10 wt.% of Fe doped TiO2 films were 

prepared and calcined at 450°C exhibit that the particles are spherical in shape and are 

nanostructured. The TiO2 films having smooth in surface and porous in nature 18.  

 

 
 

Fig.3. SEM images of (a) un-doped and (b) Fe 5 wt.% and (c) Fe 10 wt.% doped 

TiO2 thin films calcined at 450C. 

 

3.2.2. Atomic force Microscopy analysis 

 

The topography images of un-doped and Fe doped TiO2 films (Figures 4. a, b and c) in tapping mode 

confirms the uniform distribution of smooth and spherical-shaped particles 19. The average 

roughness values of the all TiO2 films were found to be 15.4nm. 

 

 
 

Fig.4. AFM images of (a) Un doped and (b) Fe 5 wt. % and (c) Fe 10 wt. % doped 

TiO2 thin films calcined at 450C. 

 

4. Optical analysis 

The UV–Vis transmittance and absorbance spectra of un-doped and Fe doped TiO2 thin films are 

shown in Fig. 5 (a & b). The transmittance spectrum of the prepared TiO2 films shows that, in both 

the UV (400 nm) and visible (400– 800 nm) regions film having high transparency and it decreased 

with increasing Fe dopant concentrations 20
.
 The absorbance spectrum of the prepared TiO2 films 
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shows that the absorption edge shifted towards longer wavelengths (red shifted) from 345 to 380 nm 

with the Fe -doped concentration increasing from 5 to 10 wt. %. Red shift associated with the 

presence of dopants can be attributed to a charge transfer transition between the iron d-electrons and 

the TiO2 conduction or valence band. The porosity values of TiO2 thin films increases with 

increasing the concentration of iron doping 21. 

 

Fig.6 illustrates the plot of (hν) vs. (αhν)1/2 thin films with various Fe3+ for the TiO2 contents. From 

the intersection of the extrapolation of each curve in Fig.6 and hν axis gives the band-gap energy of 

TiO2 thin films with different Fe3+ doping concentrations. It reveals that the band-gap energy 

decreases when the Fe content increases 22, 23. 
 

 
 

Fig.5. UV-vis (a) Transmittance and (b) Absorbance spectra of un-doped, Fe 5 wt. % and 

 Fe 10 wt. % doped TiO2 thin films calcined at 450C. 
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Fig.6. Optical band gap energy of un-doped, 5 wt. % Fe:TiO2 and  

10 wt. % Fe:TiO2 thin films calcined at 450oC. 
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Conclusion 

The nanostructured titanium dioxide (TiO2) and Fe doped TiO2 thin films were prepared using the 

sol-gel routed spin coating technique. TiO2 thin films are crystallized as anatase phase and are 

nanostructured with tetragonal system. The grain size of TiO2 thin films decreases from 24.1 to 7.8 

nm when the Fe3+ doped concentration increases from 5 wt.% to 10 wt.%. The SEM images exhibit 

that the particles are spherical in shape. TiO2 and Fe:TiO2 thin films having smooth in surface and 

porous in nature. The porosity values of TiO2 thin films increases with increasing the concentration 

of iron doping. The average roughness values of the TiO2 films were found to be 15.4nm. The 

optical transmittance is found to be the film having high transparency and it was decreased with 

increasing Fe dopant concentrations. The absorbance spectrum of the prepared TiO2 films shows 

that the absorption edge shifted towards longer wavelengths (red shifted) from 345 to 380 nm with 

the Fe -doped concentration. The band-gap energy decreases with increase in Fe content will be 

useful to photovoltaic application due to its structural and optical behavior. 
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