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ABSTRACT 

Titanium dioxide (TiO2) is one of the basic ceramic material which has found involves in variety of application in 

industry and in our daily life. The size of nano TiO2 proves has great potential of improvement in physical, optical, 

biological and electrical properties. The main purpose of this work is to investigate the effect of Fe incorporated TiO2 with 

Fe amount varied from 0.5 to 1.5 mol %. In this work, Fe-TiO2 nano powder was synthesized via sol gel method and 

subsequently followed by calcination process at 500 
o
C for 2 hours.  The as-prepared samples were characterized by x-ray 

diffraction (XRD), energy dispersive x-ray spectroscopy (EDX), field emission scanning electron microscope (FESEM) 

and ultraviolet-visible spectrophotometer (UV-Vis). The results obtained from XRD showed the presence of anatase phase 

in all samples.  FESEM images revealed that all samples were agglomerated with irregular shape while EDX analysis 

confirmed the presence of titanium, oxygen and iron in the samples. UV-Vis results exihibited that the wavelength 

threshold was shifted to 566 nm as the amount of Fe was increased to 1.5 mol% Fe. The band gap energy of Fe-TiO2 was 

ranging from 2.6 eV to 2.9 eV indicating that Fe-TiO2 has high potential for visible response photocatalyst. 
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INTRODUCTION 

The rapid growth of industries especially in 

developed countries has lead to the expansion of 

environmental problems.  Industries such as textile, food, 

printing and others have cause environmental problems 

due to the disposal of toxic waste, dyes and other pollutant 

into water and air which can bring harm towards human 

being and ecosystem.  (Afroz et al. 2003, Beatty and 

Shimshack, 2014, Herrmann et al. 2007). To improve the 

air and water quality, extensive research work by various 

researchers comes out with plenty technologies such as the 

usage of tree as bio-indicator for heavy metal (Sawidis et 

al. 2011), filtration (Hedberg et al. 2011) and oxidation 

process (Deiber et al. 1997, Magureanu et al. 2005, 

Arslan-Alaton, 2007). However, not all methods 

mentioned above can be used in various environments. 

Some method is very expensive, applicable only in 

selective environment or condition, high maintenance and 

difficult to handle. Therefore, scientist continuously 

looking and developing new ways to address this issue.   

Based on literatures review, the developments of 

new catalytic and photocatalytic processes provide great 

help to address this problem. Lloyd (2006) reported that 

these material based-catalyst has great potential in 

controlling water contaminant or air pollutants. The 

advantages  of using these type materials over 

conventional oxidation process are:(1) complete 

mineralization of the pollutants; (2) use near UV or solar 

light; (3) can be operated in room temperature, (4) safe, 

clean and efficient and (5) easily co-exist harmoniously 

with the environment (Herrmann, 1999, Anpo and 

Takeuchi, 2003, Catalkaya and Kargi, 2007, Zhai et al. 

2010).  

One of the promising material based-catalyst is 

titanium dioxide (TiO2). TiO2 is a semiconductor 

photocatalyst and has been proven suitable for various 

environmental applications due to its stability, strong 

oxidizing powers, non-toxicity materials, ready 

availability and low cost (Chen and Mao, 2007, Nakata 

and Fujishima, 2012, Sin et al. 2011). As photocatalyst, 

TiO2 required the presence of light to decompose organic 

materials. TiO2 can be classified into three structure which 

are anatase, rutile and brookite. Among these three, 

anatase is proven to be most excellent photocatalyst as an 

excellent photocatalyst when compared to rutile and 

brookite. It is reported that high crystallinity of anatase 

offers fewer defects acting as recombination sites between 

photogenerated electrons and holes.  In another study 

Luttrell et al. (2014) described that the lifetime of charge 

carriers is high in anatase when compared to rutile, 

indicating high photocatalytic activity. On the other hand, 

brookite is seldom studied dueto its complicated synthesis 

procedure (Di Paola et al. 2013).  

However, TiO2 is only active under UV light 

irradiation due to its large band gap energy (3.2 eV), 

which results in a low efficiency to make use of solar 

light. Significantly efforts have been made in the past 

decades to develop TiO2 based photo catalysts capable of 

using abundant visible light in solar radiation or artificial 

light. To improve the absorption wave length range of 

TiO2 higher toward visible region, many attempt on 

surface modification such as metal ion and non-metal 

doping or coupling it with other narrow band gap 

semiconductors (Akpan and Hameed, 2010, Pelaez et al. 

2012). Several literatures were found to incorporate TiO2 

with metal ion such as Ag+, Cu2+, Fe3+ and Zr4+ on 

TiO2 (Naraginti et al. 2015, Ibrahim and Sreekantan, 2014, 

Behnajady and Eskandarloo, 2013). Among transitional 

metal ions have been used as dopant in TiO2 system, Fe is 

extensively used as it is believed that Fe3+ can trap photo 

generated electrons and transfer them to pre-absorbed 

species to form active species, whereas surface Fe3+ sites 
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can trap holes. These different roles of Fe3+ increase the 

efficiency of charge separation and transfer of Fe-TiO2 and 

thus promote the selective photo catalytic oxidation of 

pollutant under visible light irradiation (Sun et al. 2012). 

There are various method can be conducted to 

synthesis TiO2. Method such as hydrothermal, chemical 

vapor deposition and sol-gel techniques are widely in 

order to synthesize nanocrystalline TiO2 (Du et al. 2011, 

Attar et al. 2011, Elghniji et al. 2012). Sol gel technique 

has been adopted as one of the versatile methods for the 

preparation of metal and nonmetal doped nano crystalline 

TiO2. Since this method is a solution process, it allows 

flexibility in parameter control with its relatively slow 

reaction process. This permits tailoring of certain 

structural characteristics such as compositional 

homogeneity, grain size, particle morphology and porosity 

(Hamadanian et al. 2011).   

In this work, TiO2 and Fe-TiO2 nano powder were 

synthesized by sol gel method by using titanium (iv) 

isopropoxide and iron (iii) nitrate as precursor. The 

synthesized TiO2 and Fe-TiO2 were characterized by x-ray 

diffraction (XRD), energy dispersive x-ray spectroscopy 

(EDX), field emission scanning electron microscope 

(FESEM) and ultraviolet-visible spectrophotometer (UV-

VIS). 

 

METHODOLOGY 

 The pure TiO2 and Fe-TiO2 nano powder were 

prepared by a sol gel method using titanium(iv) 

isopropoxide (TTIP) and iron(iii) nitrate as the precursor 

of Ti and Fe, respectively precursor. The detailed 

procedure was as follow: 20 ml titanium (iv) isopropoxide 

was dissolved in 80 ml isopropanol and the obtained 

solution was added drop wise into hydrolysis medium 

containing 80 ml isopropanol, 6 ml distilled water and 8 

ml acetic acid under vigorous stirring. The resultant 

transparent colloid suspension was stirred for 3 h and 

centrifuged at 9000 rpm for 10 min. The gel was dried in 

oven at 80 °C for 12 h. The dried powder was calcined at 

500 
o
C for 2 h to obtain pure TiO2 nano powder. For the 

Fe-TiO2 nano powder, the ion Fe was incorporated into 

TiO2 by adding certain amount of iron(iii) nitrate 

according the desired mol % Fe (0.5, 0.75, 1.0 and 1.5 mol 

%) in the hydrolysis medium during synthesis process.  

 The as-prepared samples were characterized by x-

ray diffraction (XRD), energy dispersive x-ray 

spectroscopy (EDX), field emission scanning electron 

microscope (FESEM) and ultraviolet-visible 

spectrophotometer (UV-VIS). The XRD was performed on 

a D8 Advanced Bruker System with Cu kα radiation as the 
x-ray source. The crystallite sizes of samples were 

calculated using Debye-Scherrer equation with correction 

for instrumental line broadening. Morphologies of the 

samples were observed by using high resolution field 

emission environmental scanning electron microscope 

(FESEM, JSM-7600F). Optical properties of samples were 

measured on a Shimadzu UV-VIS spectrometer (UV-

1800) in the wavelength of 300-800 nm. 

 

RESULTS AND DISCUSSION 

The structure and crystalline size of nano TiO2 

and Fe-TiO2 are determined using XRD technique. As 

observed in Figure-1, the diffraction peak of all samples 

were similar to anatase phase (JCPDS Card No: 21-1272). 

The peaks are located at the 2θ values of 25.4o, 37.9o, 
47.9o, 53.9o, 54.9o and 62.7o corresponding to plane 

(101), (004), (200), (105), (211) and (204) crystal phase, 

respectively. It was found that the incorporation of Fe did 

not affect the structure of TiO2 (anatase) although Fe 

amount was increased. In addition, no peak that associated 

with Fe was observed even at high concentration of 1.5 

mol % Fe. This may due to two reasons, one is the 

limitation of XRD to detect low concentration of Fe in the 

composition used and the other one is the similarity of 

ionic radius size between Ti4+ (0.68 A˚) and Fe3+ (0.64 
A˚) (Safari et al. 2013, Jamalluddin and Abdullah, 2011).  

 Kment et al. (2010) reported that the substitution 

of metal ion in TiIV sites in lattice is possible when the 

ionic radius of both metal ion and host metal are identical 

in size. Serpone et al. (1994) reported that incorporating 

TiO2 with metal ion with trivalent charge such as Cr and 

Fe that could substitutionally located in TiIV lattice sites 

with   or without charge compensation by an oxygen 

vacancy, Vo●●, at a nearest neighbor site about below 

0.08 eV below ECB.  However, in order for 

electronuetrality, the number of oxygen vacancies 

generated by metal doping need to be half the number of 

substitutional trivalent cations at TiIV sites, |M^III |_(Ti 

)^' as shown in equation 2. 
 

    (2) 
 

where Oo denotes an oxygen atom at its normal 

lattice site; A fraction of the|MIII|Ti′  centers have a full 

coordination sphere of lattice oxygen (tetragonal 

symmetry) while the fraction of charge compensated 

centers, Mcc
III

, have an oxygen vacancy at a nearest 

neighbor site (lower symmetry).  To note, the presence of 

oxygen vacancies are required for better performance of 

TiO2  photocatalytic activity.  Therefore, in this work, it is 

possible that Fe
3+ 

might sit in Ti
IV 

sites in TiO2 lattice due 

to similarity of ionic radius in size. 

Based from the XRD pattern (Figure-1), it is 

observed that the prepared samples have broader peaks 

indicating the crystallite size is in nanoscale size.  The 

crystallite size was calculated using Debye-Scherrer 

equation as described in equation 1 (Sayyar et al. 2015). 
 

       (1) 
 

where D denotes as the average crystallite size 

(nm); K is the Scherrer constant, somewhat arbitrary value 

that falls in the range 0.8–1.0 (it assumed to be 0.9 in 

present work); λ is wavelength of X-ray radiation (0.154 

nm); θ is the diffraction angle and  β is full width at half 
maximum (FWHM). The calculated value of the crystallite 
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size for TiO2 and Fe incorporated TiO2 nanoparticles were 

in the range of 14 to 16 nm and summarized in Table-1. 

 

 
 

Figure-1. XRD diffractogram of TiO2 using (a) pure TiO2, 

(b) 0.5 mol% Fe, (c) 0.75 mol% Fe, (d) 1 mol% Fe   and 

(e) 1.5 mol% Fe. 

 

Table 1. The characteristic of TiO2 and Fe incorporated 

TiO2  synthesized using sol-gel method and calcined at 

500 °C for 2 h. 
 

 
 

The morphology of the sample was observed via 

FESEM. The FESEM images are shown in Figure-2.  

Based from Figure-2, it is clearly observed that TiO2 and 

Fe-TiO2 samples were agglomerated and in irregular 

shape. The average particle size of TiO2 was estimated to 

be 28.4 nm while Fe-TiO2 was about 16.9 nm. The 

agglomeration of particles  may  occur due to several 

reasons such as the presence of capillary absorption, solid 

bridge, Van der Waals and hydrogen bond (Su et al. 

2011). In addition, Brinker and Scherer (1990) reported 

that small particles incline to agglomerate due to the high 

surface energy and this occurrence draws other particles to 

coalesce together and formed larger particles size. 

 

 
 

Figure-2. FESEM images of  TiO2  and Fe-TiO2 with  (a) 

pure TiO2, (b) 0.5 mol% Fe, (c) 0.75 mol% Fe (d) 1 (e) 1.5 

mol % Fe. 

 

 EDX analysis was conducted in order to 

investigate the distribution for elements presence in the 

prepared samples. The atomic percentage of elements 

presence in the synthesized samples are lists in Table-2. It 

was confirmed the presence of Fe element in Fe-TiO2 

samples. This indicated that Fe was successfully 

incorporated into TiO2 particles as the Fe atomic 

percentage was increased as the amount of mol% Fe was 

increased during synthesis process.   

 

Table-2. The atomic percentage of the elements in the 

TiO2 and Fe-TiO2 nanoparticles. 
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In order to investigate the light absorption 

characteristic of Fe-TiO2, UV-Vis diffuse reflectance was 

conducted and the result obtained is illustrated in Figure-3. 

Based on previous study, the absorption edge of pure TiO2 

was 391 nm. Meanwhile, the incorporation of Fe into TiO2 

was successfully extended the absorption wavelength into 

visible region. It was found that Fe incorporation red-

shifted to visible region in the range of 470 to 570 nm 

(Table-1). The values of the light absorption was obtained 

by extrapolating the steepest slope of the UV-Vis spectra. 

The intersection point between X-axis and the 

extrapolation line shows the excitation wavelength of Fe-

TiO2. According to Reddy et al. (2003) and Naraginti et 

al. (2015), the band gap energy (Eg) could be calculated 

using equation. 
 

     (3) 
  

Where α is the absorption coefficient, A is a 
constant, and n =2 for direct transition or n = ½ for 

indirect transition. 

 

 
 

Figure-3. Optical property of Fe-TiO2 calcined at 400° C. 

 
The band gap energy (Eg) was derived by the 

extrapolation of Kubelka-Munk plot of ℎ� vs. �ℎ� / .  

The Eg calculated using indirect transition gave an 

appropriate result compared to direct transition.The Eg 

values of 0.5 mol % Fe-TiO2, 0.75 mol % Fe-TiO2, 1.0 

mol % Fe-TiO2 and 1.5 mol % Fe-TiO2 were estimated to 

be 2.90 eV, 2.82 eV, 2.75 eV and 2.69 eV, respectively. 

The results suggested that the incorporation of Fe extends 

the light absorption of pure TiO2 to visible range. This 

result is similar to Castro et.al as the absorption threshold 

was shifted into the visible region. This is attributed to the 

excitation of 3d electrons of the Fe
3+

 transferring from the 

energy level of the dopant to the conduction band of the 

TiO2. Further investigation by Yu et al. (2009) using 

density functional theory (DFT) calculation confirmed that 

the red shift of absorption edges and the narrowing of 

band gap energy for Fe doped TiO2. They found that the 

energy level of Fe 3d were lower than Ti 3d at the bottom 

of CB with a decreased about 0.2 to 0.34 eV. Thus the 

electron transition from VB to CB had a decrease about 

0.2 to 0.34 eV which induced a red shift of an optical 

absorption edge. Based on these result, it clearly seen that 

the amount of Fe added into TiO2 was responsible for the 

decreased of bandgap energy. This indicated that the 

presence of Fe probably influences the photo catalytic 

activity of TiO2 under visible light region. 

 
CONCLUSIONS 

In conclusion, TiO2 and 0.5 to 1.5 mol % Fe-TiO2 

were successfully synthesized via sol gel process and 

characterized by x-ray diffraction (XRD), field emission 

electron microscopy (FESEM), energy dispersive x-ray 

spectroscopy (EDX) and uv-visible spectroscopy (UV-

VIS). The XRD result shown that obtained diffraction 

peak of sample TiO2 and Fe-TiO2 were anatase  with 

crystallite size ranging from 14 to 16 nm. The micrograph 

images indicated that the samples are agglomerated due to 

small particle size. The UV-Vis analysis indicated that the 

increased amount Fe caused the wavelength of samples 

extended in the visible light region from 475 nm to 566 

nm with band gap energy ranging from 2.6 eV to 2.9 eV, 

which is lower than pure TiO2 (3.2 eV).  This indicated 

that Fe incorporation with TiO2 may increase the 

photocatalyst activity of TiO2 under visible light 

irradiation. 
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