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    The pure and 2% Fe doped TiO2 nanoparticles were synthesized using simple sol-gel method involving an ethanol solvent in the 
presence of ethylene glycol (EG) as the stabilizer. The physicochemical properties were investigated by field emission scanning electron 
microscopy (FESEM), X-ray diffraction (XRD), electron dispersive spectroscopy (EDS), diffuse reflectance spectrum (DRS) and 
photolumincense (PL) analyses. XRD analysis showed the tetragonal anatase structure in presence of Fe doping. The size of the 
nanoparticles (NPs) decreased to 29 nm by adding Fe content with less agglomeration. PL analysis showed that the intensity of 
photoluminescence decreases for the doped sample suggesting a decrease in recombination of the electron-holes pair. The UV-DRS 
analysis indicated that the band gape energy decreases to 3 eV for Fe doped TiO2 nanoparticles. 
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INTRODUCTION 
 
      Electron transport in nanoparticles (NPs) causes to 
different morphological, optical, electrical and magnetic 
properties for NPs compared to their bulk counterparts [1-
10]. Titanium dioxide (TiO2) is one of the most 
nanomaterials, because of its stability, ubiquity, non toxicity 
and none corrosively [11-14]. Depending on the crystalline 
structure, morphology and crystallite size, TiO2 is used in 
different applications, such as electronic devices, solar cells, 
fine ceramics, transparent conductivity and photo catalytic 
reactions [15,16]. Recently, many TiO2 modification 
procedures have successfully shifted the photocatalytic 
activity of TiO2 from the UV region to visible light region, 
leading to an enhanced photocatalytic activity as a 
consequence of more complete utilization of solar energy. 
Narrowing the band gap of TiO2 can be acquired by doping 
TiO2 with various transition metal ions [17]. Various  
transition  metal  ions,  such as Fe, Co, Zn and V  have been  
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introduced for doping TiO2 to induce a red shift for TiO2 

absorption spectrum and the enhancement of photocatalytic 
activity [11,12]. Among various metal ions, doping TiO2 
with Fe3+ has been widely investigated [18]. Several 
synthesis methods of TiO2 have been proposed in the 
literature including sol-gel [19], flame spray pyrolysis [20] 
and precipitation [21]. A well-known method for preparing 
metal ion doping of TiO2 is based on the sol-gel method via 
hydrolysis mechanism. In the present work, we synthesize 
Fe-doped TiO2 by a new sol-gel precursor while the post 
annealing of the samples is at 600 °C. The prepared samples 
are characterized by XRD, SEM, DRS and PL analyses to 
study the structural, optical and morphological properties. 
 
MATERIALS AND METHODS 
 
      Pure and Fe-doped TiO2 NPs were synthesized using the 
sol-gel method. In order to synthesize pure TiO2, at first, 
TiCl4 precursor was dissolved in pure ethanol using a 
magnetic stirrer at room temperature. 2 ml Acetic acid    
was added to the solution, and then the temperature was 
elevated to 80 °C. 2 ml  EG stabilizer was then added at this  
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temperature. The solution was completely evaporated, and 
then dried. The product was incubated at 600 °C for 4 h. Fe-
doped TiO2 NPs were synthesized with a method similar to 
the one used for the preparation of the pure TiO2 sample 
adopted with the FeSO4 precursor. The characterization of 
the samples was carried out in order to study the effect of 
the Fe doping on the TiO2 matrix. Structural analysis was 
performed using the X-ray diffractometer (XRD) and data 
was recorded with 2θ in the range of 4°-85° using X-Pert 
Pro MPD, Cu-Kα (λ = 1.5406 Å) radiation. The morphology 
of the samples was identified using the field emission 
scanning electron microscope (FESEM) model KYKY-
EM3200, 25 kV. Examination of the optical properties was 
carried out by diffuse reflection spectroscopy (DRS) model 
Avaspec-2048-TEC to determine the band gap energy of the 
samples. Photoluminescence studies were carried out by PL 
spectroscopy, model Avaspec 2048 TEC, at room 
temperature. 
 
RESULTS AND DISCUSSION 
 
XRD Spectra 
      Figure 1 shows the XRD analysis of the un-doped and 
Fe-doped TiO2 nanocrystals annealed at 600 °C for 4 h. The 
XRD peaks show the anatase phase with (101), (103), (004), 
(112), (200), (105), (211), (204), (116), (220), (215) and 
(031) planes [22,23]. The peak of the rutile phase at the 
angle of 27.50 is represented as (110) plane. These patterns 
did not show any change in the tetragonal structure of the 
anatase TiO2 nanocrystals despite containing impurity. 
These results indicate the probability of some Fe3+ ions 
being replaced in the crystal framework of TiO2 due to their 
similar radii (aTi

4+ = 0.68 Å, aFe
3+ = 0.64 Å). The mean 

crystallite size for pure and Fe-doped TiO2 samples was 
calculated using the Debye-Scherrer formula [24] as 
follows: 
 
      




cos
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where λ is the wavelength of the x-ray used (λ = 1.5060 Å), 
β is the full width at half maximum (FWHM), and θ is the 
angle between the incident and the scattered x-ray (Bragg 
angle). It can be concluded that the crystallite size decreased  

 
 
with the Fe content and the particle size was estimated to be 
39 nm and 29 nm for pure and 2% Fe-doped TiO2, 
respectively, in agreement with the results previously 
reported [22,23]. 
 
FESEM Analysis 
      Figure 2 shows the FESEM morphology of the pure 
(Fig. 2A) and Fe-doped TiO2 (Fig. 2B) samples. As shown 
in Fig. 2B, increasing the iron content to 2% reduces the 
homogeneity and distribution of the particles. A decrease in 
the size of the particles, for pure and 2% Fe-doped TiO2 was 
estimated by the XRD analysis. This causes the 
agglomeration of NPs, which must be controlled and 
corrected by using appropriate EG surfactants [25,26]. It is 
observed that in samples prepared with TTIP precursor, the 
morphology of the Fe doped TiO2 nanoparticles is improved 
[23]. 
 
UV-Vis DRS 
      The band gap and wavelength of absorption were 
studied using UV-Vis diffuse reflectance spectrum (DRS) 
for both pure and 2% Fe-doped TiO2. As shown in Fig. 3, 
the absorbance peak for doped sample shifted toward longer 
wavelengths, known as the red shift. This could be due to 
the reduction in the band gap energy. The indirect band gap 
energy (Eg) of the NPs has been estimated from the UV-
DRS measurements [27], and the F(R) value is calculated 
from the following equation: F(R) = (1-R)2/2R, where F(R) 
is the Kubelka-Munk function and R is the percentage 
reflectance. The indirect band gap was calculated from their 
reflectance spectra by extrapolating the linear portion of the 
[F(R)hy]1/2 vs. Eg plot to F(R) = 0, where the intercept value 
represents the band gap energy, as shown in Fig. 3. It can be 
seen that as the Fe concentration increases in TiO2 to 2%, 
the band gap energy decreases from 3.52 eV to 3 eV.  
 
PL Activity 
      Figure 4 shows the photoluminescence of the pure and 
2% Fe-doped TiO2 NPs with an excitation wavelength of 
342 nm. The high-energy peaks can be the result of band 
edge luminescence of the TiO2 particles, while lower energy 
peaks/shoulders are induced by the presence of oxygen 
vacancies. As shown in Fig. 4, the intensity of 
photoluminescence decreases for doped sample suggesting a 
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Fig. 1. XRD spectra of pure and 2% Fe-doped TiO2 nanocrystals. 
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Fig. 2. FESEM images of (A) pure and (B) 2% Fe-doped TiO2 samples. 
 



 

 

 

Farahmandjou & Behrouzinia/Phys. Chem. Res., Vol. 7, No. 2, 395-401, June 2019. 

 398 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
decrease in recombination of the electron-holes pair. These 
results indicate that Fe dopant is entered into the TiO2 
lattice,  while  in  the  previous  studies  [22,23]  the samples 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
prepared by the TTIP precursor, the PL intensity increased 
by Fe impurity and the recombination of electron-hole 
increased.  In  fact,  the  generated  photo-induced   electron 

 

Fig. 3. Plot of [F(R)hν]1/2 vs. E(hv) energy of the pure and 2% Fe-doped TiO2 samples. 
 
 

 

Fig. 4. Photoluminescence (PL) spectroscopy of pure and Fe-doped TiO2 samples. 
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level, trapped by Fe3+ impurity, under the conduction band 
of Ti4+ causes a reduction in the recombination of the 
electron- holes pair and intensity of PL [28]. 
 
EDX Analysis 
      The EDX analysis was used to determine the elemental 
percentage in the sample. Figure 5 shows the x-ray energy 
diffraction (EDX) spectrum for pure and 2% Fe-doped  
TiO2  samples. In the sample, the  weight  percentage  of  Ti 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

measured was 57.9 wt% and 53.1 wt% for pure and Fe-
doped samples, respectively. This difference in the 
percentages is due to the fact that in the EDX analysis, the 
Fe impurity has been entered into the TiO2 matrix and 
replaced by Ti atoms.   
 
CONCLUSIONS 
 
      Fe-doped    TiO2    nanocomposites   were    successfully 
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Fig. 4. EDX analyses of (A) pure and (B) 2% Fe-doped TiO2 samples. 
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prepared by the simple sol-gel precursors. The results were 
characterized by optical, morphological and structural 
analyzers. Based on the XRD results, the Fe-doped TiO2 

samples have the anatase phase with tetragonal structures 
and the crystallite size of about 29 nm. The surface 
morphology results from the FESEM analyzer showed a 
reduction in the distribution and homogeneity of the 
particles as Fe dopant increased to 2%. The UV-DRS results 
showed a red shift due to the reduction of the band gap 
caused by the existence of Fe content. Finally, PL analysis 
showed that the intensity of photoluminescence decreases 
for the Fe-doped sample. 
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