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The Fe3+-doped TiO2 nanoparticles were synthesized by sol-gel method in an aqueous solution at a temperature of 160 °C. The effect of
particle size, Fe3+-doping and dosage on the photocatalytic activity of the nanoparticles was investigated. The synthesized Fe3+-doped TiO2

nanoparticles were analyzed by field emission scanning electron microscopy, transmission electron microscope, powder X-ray diffraction
and dynamic light scattering. The nanoparticles had irregular shapes, and the primary size of particles was  approximately 100 nm. Though
the Fe3+-doping did not change the crystal structure of TiO2, but it had significant affect  on their photocatalytic properties. 0.5 % Fe3+-doped
TiO2 had the best photocatalytic performance. The particle size of Fe3+-doped TiO2 samples also influenced its photocatalytic activity. 
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Introduction 

The photocatalytic technology is a new environmental 
technology gradually developed from the 1970s. The non-
toxic, harmless and non-corrosive titanium dioxide (TiO2) 
has been widely applied to the photodegradation of organic 
pollutants.1 However, TiO2 has a low photocatalytic 
efficiency due to the wide band-gap energy of TiO2 (ca. 3.0 
eV for rutile and 3.2 eV for anatase), and only the UV 
radiation range can be utilized well during the 
photocatalysis and there is relatively high rate of electron-
hole recombinations.2,3 Therefore, improving the 
photocatalytic activity of TiO2 seems to be an important 
area. 

A great deal of research has focused on extending the 
ability of TiO2 to avoid the recombination rate. The first 
alternative is modifying the TiO2 surface using noble 
metals, the second alternative is to couple TiO2 with 
another semiconductor having a favorable band gap, and 
the third alternative is to dope the TiO2 with a transition 
metal ion, e.g. with Fe(III).4-6 Selective doping of TiO2 with 
transition metal cations improved its  photoactivity, while 
maintaining a good control of the primary particle size 
helped to achieve nanoscale configurations of the 
catalysts.7,8 Using Fe(III)-salts during the hydrolysis of Ti-
salts the Fe(III) ions may replace titanium(IV) ions.9  
Nagaveni prepared W, V, Ce, Zr, Fe, and Cu ion-doped 
anatase TiO2 nanoparticles by a solution combustion 
method and found that the solid solution formation was 
limited to a narrow range of concentrations of the dopant 
ions.10  

In this study, we report the preparation of Fe3+-doped 
TiO2 nanoparticles via sol-gel synthesis method in an 
aqueous  solution  at  a  low temperature and examine the  

influence of particle size, Fe3+-doping and dosage on the 
photocatalytic activity of the nanoparticles. The synthesized 
Fe3+-doped TiO2 nanoparticles were characterized using X-
ray diffraction (XRD), transmission electron microscope 
(TEM), field emission scanning electron microscopy (FE-
SEM) and dynamic light scattering (DLS). The results 
showed that the Fe3+ -doping improves the photocatalytic 
activity of the pure TiO2 by reducing the recombination rate 
of electron-hole.   

Experimental 

Chemicals 

All the chemicals used were analytical grade materials 
and used without further purification. Titanium 
tetrachloride (TiCl4, 99%), iron (III) chloride hydrate 
(FeCl3•6H2O, 98%), hexadecyltrimethyl ammonium 
bromide (CTAB, 99%), and ammonia solution (25-28 % 
NH3 in water) were obtained from Aladdin Chemical 
Reagent Co. Deionized water was used throughout the 
reactions. All glasswares were washed with dilute nitric 
acid (HNO3) and distilled water, and dried in hot air oven.  

Synthesis of Fe3+-doped TiO2 nanoparticles 

Fe3+-doped TiO2 nanoparticles were synthesized as 
follows. A predetermined amount of FeCl3•6H2O was 
dissolved in 200 ml deionized water. The concentration of 
Fe3+ dopant was controlled between 0.1 and 1.0 wt. % of 
that of TiO2. Then 15 ml titanium tetrachloride was added 
dropwise into FeCl3•6H2O aqueous solution under vigorous 
stirring. After that, a certain amount of surfactant CTAB 
was added into the solution. White paste was obtained after 
the pH value was adjusted to weakly alkaline using 
ammonia solution. The mixtures were then heated to 160 
°C and kept at that temperature while being stirred for 6 h. 
The TiO2 nanoparticles doped with 0.1 % Fe3+

[R1], 0.3 % 
Fe3+, 0.5 % Fe3+ and 1.0% Fe3+ ions were prepared. Fe3+-
doped TiO2 bulky particles were obtained without adding 
CTAB according to the above synthetic process. 

 



Preparation and photocatalytic properties of Fe3+-doped TiO2                                                                           Section B-Research Paper 

Eur. Chem. Bull. 2013, 2(12), 1045-1048 1046

Characterization of nanoparticles 

The particle size and shape of synthesized Fe3+-doped 
TiO2 nanoparticles were measured by TEM (JEM-2010, 
JEOL, Japan). A minute drop of nanoparticles solution was 
cast on to a carbon-coated copper grid and subsequently 
dried in air before transferring it to the microscope. The 
morphology of synthesized nanoparticles was characterized 
using a FE-SEM (JSM-7500F, JEOL, Japan) operating at 
an acceleration voltage of 20 kV. The samples were 
prepared by sprinkling the powder on a double sided 
adhesive tape and mounting them on a microscope stub. 
Then the samples were coated with sputtered gold. The 
crystal phases of titania-based powders were studied by X-
ray diffraction equipped with Cu Kα X-Ray tubes operating 
at 40 kV and 50 mA (D8 Advance, Bruker, Germany). The 
2θ angle was varied from 20 to 60°. The size distribution of 
the nanoparticles in medium was evaluated by DLS (Delsa 
Nano C, Beckman, USA). Data were analyzed based on six 
replicated tests. 

Photocatalytic activity assay 

200 mL suspensions containing 50 mg L-1 acid red dye 
and a certain quality of Fe3+ doped TiO2 nanoparticles were 
stirred in the dark for 30 min followed by sunlight exposure. 
The supernatant was taken at regular intervals and tested 
for the absorbance. The A-λ curve was scanned at full band 
by UV-visible spectrophotometer. The photocatalytic 
activity is expressed in degradation rate (Φ). The 
degradation rate was measured using the absorbance of dye 
solution at the maximum absorption wavelength. The 
degradation rate (Φ) was calculated by the following 
equation: 

 

 

 

where, A0 and A are the initial and final absorbance of the 
dye solution, respectively. 

Results and discussion 

Size and morphological investigation 

TEM image of 0.5 wt. % Fe3+-doped TiO2 nanoparticles 
are shown in Fig. 1. The Fe3+ doped TiO2 nanoparticles are 
well dispersed with narrow size distribution. The TEM 
investigation indicates that the nanoparticles are aggregated 
particles with irregular shapes and the primary size is 
approximate 100 nm. The morphology of the 0.5 wt. % 
Fe3+-doped TiO2 nanoparticles is observed in a SEM (Fig. 
2). The SEM micrograph shows that the nanoparticles are 
made up of agglomeration of many primary particles, and 
have irregular shapes. The TEM image provides 
information on the primary size of nanoparticles, however, 
it could not provide information on whether the 
nanoparticles existed in single or aggregated forms in the 
aqueous solution. The size distribution in the aqueous 
solution, therefore, was investigated using a DLS method, 

which shows that the average size of 0.5 wt. % Fe3+-doped 
TiO2 nanoparticles in the aqueous solution is 105.4 ± 23.2 
nm (Fig. 3).  

The DLS analysis shows that the Fe3+-doped 
nanoparticles are homogeneously dispersed in aqueous 
solution. The fluid dynamics size of Fe3+-doped 
nanoparticles,  measured by DLS, is in agreement with the 
primary size obtained by TEM. 
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Figure 1. TEM micrograph of 0.5 % Fe3+-doped  
TiO2 nanoparticles. 

 

 

Figure 2. SEM image of 0.5 % Fe3+-doped TiO2  
nanoparticles. 
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Figure 3. Size distribution of 0.5 % Fe3+-doped TiO2 
nanoparticles in aqueous solution measured by DLS. 
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XRD analysis 

The XRD pattern of 0.5 wt. % Fe3+-doped TiO2 powders 
is shown in Fig. 4. It can be seen that the sample exhibits 
the patterns associated to the crystalline anatase phase with 
peaks at 25.3°, 37.7°, 47.9°, and 54.2°, indicating that 
single phase anatase nanocrystallites are formed. The peaks 
at 2θ = 25.3°, 37.7°, 47.9°, and 54.2°can be attributed to the 
anatase (101), (004), (200) and (211) crystal planes, as 
previously reported.11  

 

No hints for the presence of other crystalline phases of 
TiO2 (i.e., rutile and brookite) or segregated iron 
compounds like hematite (α-Fe2O3) and pseudobrookite 
(Fe2TiO5) were found in the X-ray diffractometry pattern. 
This is because the amount of iron ions added and the 
process temperature is low. It is reported that Fe2O3 and 
Fe2TiO5 were formed at high calcination temperature (the 
formation temperatures of Fe2O3 and Fe2TiO5 are 600 °C 
and 800 °C, respectively).12 The results indicate that Fe3+ is 
homogeneously dispersed in the TiO2 crystal lattice.  

Effect of the particle size on photocatalytic activity 

The effects of bulky and nano-Fe3+-doped TiO2 particles 
on degradation rates of Acid Red solution are shown in 
Figure 5. The test conditions were: Acid Red = 50 mg L-1, 
pH = 6.5, amount of doping Fe3+ in TiO2 = 0.5 % and Fe3+-
doped TiO2 nanoparticles concentration = 1.5 g L-1. As 
shown in Figure 5, only a small amount of Acid Red is 
degraded in sunlight without Fe3+-doped TiO2 nanoparticles. 
The degradation of Acid Red is obvious after exposing 
Fe3+-doped TiO2 nanoparticles. The Acid Red concentration 
is decreased rapidly within 40 min and the degradation rate 
keeps rising slowly as extension of reaction time. When the 
reaction time is 60 min, the degradation rate can reach to 
74.04 %. However, the degradation effects of bulky Fe3+-
doped TiO2 particles on the Acid Red are lower than that of 
Fe3+-doped TiO2 nanoparticles significantly at the same 
doping proportion. When the reaction time is 60 min, the 
degradation rate of Acid Red in the presence of bulky Fe3+-
doped TiO2 particles is 37.72 %. It may be that Fe3+-doped 
TiO2 nanoparticles have large specific surface area and 
larger number of channels than bulky particles, which 
makes the nanoparticles, have higher catalytic activity.13 

Effect of the amount of Fe3+-doping on photocatalytic activity 

The degradation rates of Acid Red in the presence of  

Fe3+-doped TiO2 nanoparticles with different amount of 
doping Fe3+ are shown in Fig. 6. The test conditions were: 
Acid Red = 50 mg L-1, pH = 6.5 and Fe3+-doped TiO2 

nanoparticles = 1.5 g L-1. As shown in Fig. 6, the 
photocatalytic efficiency of Fe3+-doped TiO2 nanoparticles 
is higher than single TiO2 nanoparticles. With increasing 
amount of Fe3+-doping, the photocatalytic efficiency shows 
a maximum. The optimal content of doped Fe3+ is 0.5 %. 
Since metal ions are effective electron acceptors, it may be 
that the doping Fe3+-ions  build into the crystal lattice of 
TiO2 and capture electrons in the conduction band of TiO2. 
The competition of Fe3+ with electrons reduces the 
combination of electrons and number of holes on the 
surface of TiO2. This produces more •OH radical on the 
surface of TiO2 and improves the photocatalytic 
activity.14,15 Too little amount of doping Fe3+ can not 
capture electrons effectively, thus the catalytic effect is not 
as significant.  Large amount of doping Fe3+ can act as a 
recombination center of electrons and holes. It will increase 
the combination probability  of electrons and holes in the 
compound. Moreover, the Fe3+-doping may reach saturation 
and generate a new phase of Fe2O3 in the TiO2. The Fe2O3 
reduces the light intensity on the surface of the TiO2, and 
leads to the decline of Acid Red degradation rate.16,17 
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Figure 4. XRD patterns of 0.5 % Fe3+-doped TiO2 samples. 
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Figure 5. Effect of the particle size on photodegradation
rate. 
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Figure 6. Effect of the amount of doping Fe3+ on
photodegradation rate. 
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Effect of catalyst dosage on photocatalytic activity 

The degradation rates of Acid Red in the presence of  
different dosage of Fe3+-doped TiO2 nanoparticles are 
shown in Fig. 7. The test conditions were: Acid Red  = 50 
mg L-1, pH = 6.5, and amount of doping Fe3+ in TiO2 = 
0.5 %. As shown in Fig. 7, the degradation rates of Acid 
Red increased with increasing catalyst dosage in a certain 
range. However, when the catalyst dosage reaches to 2.0 g 
L-1, the degradation rates begins to decline.  

 

The catalytic activity of Fe3+-doped TiO2 nanoparticles 
on the Acid Red photodegradation has a close relationship 
with its optical properties in solution.18 When the 
concentration is low, the catalytic activity is less due to the 
corresponding lower concentrations of reactive centers. 
Conversely, when the concentration is too high, the 
turbidity of solution is increased. Due to scattering of light 
on the particles in the solution, the light transmittance and 
utilization of incident light is  decreased. These results lead 
to a reduction in the numbers of light induced hole-electron 
pairs, thereby reducing the degradation efficiency. 

Conclusions 

Photoactive Fe3+-doped TiO2 nanoparticles were 
synthesized by sol-gel method at a low temperature of 
160 °C. The results showed that the Fe3+-doping did not 
change the crystal structure of TiO2, but significantly 
affected their photocatalytic properties. The XRD patterns, 
TEM and SEM images showed that the Fe3+-doped TiO2 
nanoparticles were single-phase anatase. 0.5% Fe3+ doped 
TiO2 had the best photocatalytic activity among Fe3+-doped 
samples in Acid Red dye photodegradation. However, 
overloading of Fe3+ decreased the photocatalytic activity 
under visible light irradiation. The results could be 
explained by the balance of excited electrons/hole trapped 
by the doped Fe3+ and their charge recombination on the 
doped Fe3+ level. The particle size of Fe3+-doped TiO2 also 
influenced  the photocatalytic activity because it was found 
to be very large for the iron loaded sample compared with 
the reported values  in the literature.   
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Figure 7. Effect of the dosage of nanoparticles on
photodegradation rate 


