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A B S T R AC T

Doped titania thin fi lm was made by deposition of nano TiO2 doping with transitional metals 
(Fe, Cr and V) and non-metal (N) on glass reactor. The thin fi lm was consisted of particles 
ranging from 15 nm to 20 nm uniformly dispersed on the surface and the thickness of thin fi lm 
determined by Alpha-Step IQ was 286 nm. The thin fi lm also was characterized by FE-SEM 
and AFM. To evaluate the photocatalytic activity of the thin fi lm, photocatalytic degradation of 
p-xylene under UV and visible light irradiation was tested. It showed that doped titania thin 
fi lm exhibited much higher photocatalytic activity as compared to that of non-doped titania 
thin fi lm.
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1. Introduction

In the past decades, TiO2 has been the most widely 
used as photocatalyst because of its non toxicity, inex-
pensiveness, chemical stability and favorable opto-elec-
tronic properties. However, TiO2 is active only under 
UV light irradiation (wave length < 388 nm) due to the 
wide band gap of 3.2 eV. More than 96% of solar light 
reaches earth surface is in the range of visible light (ca. 
400−600 nm) since most UV is fi ltered by ozone layer. 
The modifi cation with the goal of improving the opti-
cal absorption and photocatalytic performances, e.g. 
extending spectral response into visible region and 
enhancing photocatalytic activity, have received great 
interest [1−8]. TiO2 modifi cation approaches for achiev-
ing visible-light-driven photocatalysts by incorporating 
transition metal ions (e.g. V5+, Cr3+ or Fe3+...) to narrow-
ing the band gap has attracted much attention [5−7]. 

Other approaches such as doping nitrogen atoms into 
substitutional sites in the crystal structure of TiO2 have 
been made [1,8−12]. Several practical problems arising 
from the use of powder during the photocatalytic pro-
cess: a) separation of insoluble catalyst from suspension 
is difficult, (b) suspended particles tend to aggregate 
especially at high concentrations and (c) suspensions are 
difficult to apply on continuous fl ow syems. The TiO2 
immobilization as thin film form not only provides an 
advantage over the drawbacks encountered with pow-
der suspensions but could also endow the surface with 
photoinduced hydrophilicity, with good uniformity, 
with properties closely related to the starting powder 
material [13−16]. Several methods have been employed 
to fabricate TiO2 thin films, including e-beam evapora-
tion [17], sputtering [18], chemical vapour deposition [19] 
dip-coating and sol–gel process [20−23].

To our best knowledge, in the most papers reported 
in the literature, they used dyes (methylene blue, 
red methyl, Rodamine B, etc…) as reactants to test 
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photocatalytic activity of doped TiO2 under visible light. 
Most studies demonstrated that doped TiO2 photocata-
lysts exhibited much higher photocatalytic activities 
under visible light as compared to that of non-doped 
TiO2 [5−8,12]. However, this confi rmation is not quite 
“accurate” since dyes are visible light highly sensitive 
and they can improve a lot of photocatalytic activities 
of dyes degradation under visible light. Indeed, in the 
recent publication (Journal of Experimental Nanotech-
nology, 2011, in press ) we report photocatalytic deg-
radation of 2-propanol (colourless compound) over 
non-doped TiO2 and Fe-doped TiO2 and it showed that 
non-doped TiO2 sample was almost inactive whereas 
Fe-doped TiO2 sample exhibited hight photocatalytic 
activity (conversion of 70%) under visible light. In this 
paper, we report the photocatalytic activities in the deg-
radation of p-xylene over Fe-, Cr-, V- and N-doped TiO2 
photocatalysts under visible light.

2. Experimental

2.1. Synthesis of nano TiO2 and TiO2 doped thin fi lm

Nano TiO2 and doped TiO2 were prepared by hydro-
thermal method (Fig. 1). An amount of commercial 
TiO2 powder and isopropyl alcohol was dissolved in a 
hydrosulfuric acid solution to form clear mixture with 
the Ti-concentration of 0.25 M at room temperature. The 
precursor solution was transferred into a Tefl on-lined 
stainless steel autoclave, heated to a temperature of 
200°C for 10 h. The obtained products were fi ltered and 
washed by distilled water, dried at 100°C for 10 h and 
calcined at 500°C for 3 h.

For non-metal-doping TiO2, the aim of our research 
study is to use urea as a nitrogen source to synthesize 
N-doping TiO2 powder by heating the mixture of urea 
and TiO2. In N-doping TiO2 process, urea and TiO2 were 
mixed with various molar for a few minutes in agate 
mortar. The resulting mixture was calcined at 450−500°C 
for 3 h.

TiO2 and doped TiO2 thin fi lm were prepared by 
dip-coating and depositing method. Firstly, 2 g of TiO2 
or doped TiO2 was introduced into a beaker of 100 ml 
distillate water and stirred using magnetic stirrer for 
30 min. Then the suspension containing in beaker was 
put into a ultrasonic batch for 30 min. Before dip-coating 
the reactor was cleaned and rough by treatment with the 
NaOH solution of 1M for two times and then dried at 
100°C in an oven over night.

We chose the reactor made by quartz (not glass since 
glass can fi lter UV light) to deposit TiO2 thin fi lm. To 
make TiO2 and doped TiO2 thin fi lm on quartz reactor, 
a certain amount of TiO2 and/or doped TiO2 suspen-
sion solution was introduced into a reactor and then 
the quartz reactor was rotated along to the horizontal 
direction. After that, the rest of suspension solution was 
evacuated and the reactor was put into an oven to dry 
at 100°C for 1 h. The process was repeated at least three 
times in order to get uniform thin fi lm. The thickness of 
thin fi lm could be adjusted by the times of dip-coating.

Before to photocatalytic test, the TiO2 and doped 
TiO2 thin fi lm deposited on reactor were activated by 
heating in a furnace at 450oC−500°C for 3 h and cooled 
down at room temperature.

2.2. Characterization methods

Products were characterized by X-ray diffraction 
using CuKα radiation (λ=0.14045 nm) at 30 KV and 
20 mA, 0.02° step size and 0.1 sec step time from 20° 
to 60° on a HUT-PCM-Bruker D8 Advance instrument. 
The size of crystallites was calculated from XRD data 
by applying the Scherer’s equation and by measur-
ing crystallite size from FE-SEM imagines of TiO2 and 
doped TiO2. The morphologies of TiO2 and doped TiO2 
particles were investigated by fi eld emission scanning 
electron microscopy (FE-SEM) using HITACHI S−4800 
instrument operating at 10 kV and magnifi cation of 
80,000−100,000. The UV-Vis diffuse refl ectance spec-
troscopy was performed in the wavelength range from 
250 to 650 nm using a Shimadzu UV-Vis spectropho-
tometer.

The thickness and surface morphology of TiO2 films 
were determined by a field emission scanning electron 
microscope (FESEM), an atomic force microscope (AFM, 
Multimode-VEECO-USA) and a surface profi ler (Alpha-
Step IQ, IQ KLA – CTENCOR).

Fig. 1. Synthesis scheme of nano TiO2 and doped TiO2 by 
using hydrothermal method.
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 2.3. Catalytic test

Photocatalytic activity was investigated in the gas-
phase photocatalytic oxidation of p-xylene. The reac-
tor was fi xed along vertical direction and faced to three 
UV lamps (15 w, each) or mercury vapor lamps (125 w, 
each), which located around the reactor. The reaction 
condition are as follows: the gas-phase photocatalytic 
oxidation of p-xylene was carried out in the microfl ow 
reactor with the reaction parameters of (concentrations 
of reaction mixture of p-xylene (C° p-xylene), steam 
(C°H2O) and oxygen (C°O2

) are 15.94; 11.5 and 285.7 mg/l, 
respectively. Gas-fl ow velocity was 6 l/h. Temperature is 
400°C. The catalyst was coated on the surface of quartz 
tube with area of 68 cm2 and the loading amount of TiO2 
was 30 mg. The analysis was carried out on GC Agilen 
6890 Plus, detector FID, capillary column HP-1 methyl 
siloxane (30 m; 0.32 mm; 0.25 μm).

3. Results and disscusion

3.1. Characterization of samples

Fig. 2 shows the XRD patterns of TiO2, V-, Cr-, Fe-
doped TiO2 and N-doped TiO2 samples. The distinctive 
peaks at 2θ=25.3°, 37.8°, 47.7°, 54.0°, 62.4°, correspond-
ing to the anatase crystal index are observed in all the 
samples. This indicated that after TiO2 modifi cation by 
doping transition metal ions such as V, Cr and Fe as well 
as doping non-metal (N), the crystalline structure of the 
anatase phase still remained. Moreover, the intensities 
of peaks were all most the same, indicating that their 
crystallites after doping did not change.

FE-SEM experiments were carried out to investigate 
the morphology of the samples. Fig. 3 presents the FE-

SEM images of V-, Cr-, Fe- and N-doped TiO2 samples. 
As seen in Fig. 3, no signifi cant differences were observed 
when comparing the photographs of V-, Fe, Cr-doped 
TiO2 and N-doped TiO2, consisted of nearly spherical 
nanoparticles of 15−20 nm. The particle form and size of 
these samples were similar to those of non-doped TiO2 
sample. In the case of Cr-doped TiO2. Particles tend to 
aggregate, forming bigger particles (20−30 nm).

UV-Vis absorption spectra of V-, Cr-, Fe-doped TiO2 
and N-doped TiO2 samples are shown in Fig. 4. In the 
case of TiO2, the fundamental absorption edge of TiO2, 
appeared in the UV region at about 385 nm. In compari-
son to non doped TiO2, the absorption edge of V-, Cr- 
and Fe- doped TiO2 and N-doped TiO2 was broaden and 
shifted to higher wavelength. The fundamental absorp-
tion edge of V-, Cr- and Fe- doped TiO2 and N-doped TiO2 
appeared in the visible light region at about 500−600 nm. 
This indicated that UV-Vis absorption is closely related 
to doping metal ions and non-metal atoms.

Morphology of Fe doped TiO2 was studied by using 
AFM (Fig. 5). From the top-view, it can observe that 
the particle size becomes bigger after depositing on the 
reactor surface and the surface is not smooth but rough. 
This indicates the formation of aggregates resulting 
from heating treatment.

Fig. 2. XRD patterns of non-doped TiO2 and V-, Cr-, Fe- and 
N- doped TiO2.

Fig. 3. FE-SEM image of: (A) Fe-doped TiO2, (B) V-doped 
TiO2, (C) Cr-doped TiO2, (D) N-doped TiO2, (E) TiO2 powder 
(starting material) and (F) non-doped TiO2.

Fig. 4. UV-Vis diffuse refl ectance spectra of V-, Cr-, Fe and 
N-doped TiO2 samples.
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Thickness of the thin fi lm was determined by Alpha-
step IQ and the surface profi le was presented in the 
Fig. 6. The determined value of thickness is 286 nm.

3.2. Photocatalysis

Photocatalytic decomposition of Volatile Organic 
Compounds (VOCs) has been received special interests. 
We have chosen p-xylene as model molecule to test pho-
tocatalytic activity. Here we defi ne the yield conversion 
as gram of reactant completely converted to CO2 per 
gram of photocatalyst.

Fig. 7, presents the yield conversion of p-xylene over 
0.7 %wt. (V, Cr and Fe) loading TiO2 catalysts using UV 
light (λ of 365 nm) and visible light (λ of 470 nm). As 
observed in Fig. 7, photocatalytic activity using UV light 
was lower than that using visible light for all doped TiO2 
samples. From these results, it could be concluded that 
doped TiO2 samples are more suitable for use of visible 
light than that of UV light.

The dependence of the yield conversion on the 
amount of doped transition metal (Fe) is shown in the 
Fig. 8. As seen in the Fig. 8, the yield conversion increases 
with increasing Fe content in the range of 0−1% wt. 
Further increase of Fe content led to decrease the yield. It 
can be concluded that the content of 1% wt. of Fe loading 
is optimal.

Fig. 9 shows the yield conversion of p-xylene over 
non-doped TiO2, Fe-, V-, Cr -doped a TiO2 and N-doped 
TiO2 using visible light with wavelength of 470 nm. As 
observed in Fig. 9, doped TiO2 sample exhibited much 
higher yield conversion as compared to that of the 
non-doped TiO2. Among doped TiO2 samples, sample 
N-doped TiO2 (N/Ti molar ratio of 1/1) showed the 
highest yield conversion. This indicated that non-metal 
doped TiO2 was very effective photocatalyst, espe-
cially in visible light. To explain why the Fe-, Cr- and 
N-doped TiO2 samples exhibited higher photocatalytic 
activity in p-xylene degradation as compared to that of 
non-doped TiO2, we have done measurements by using 
different techniques like UV-vis, FT-IR, XPS, etc… and 
it revealed that by doping with these transition met-
als and non-metal, it leads to narrowing band gap ( 
higher absorption effi ciency of visible light) as well as 
to create vacancies and defects (Ti-OH groups) acted as 
“active sites” (results to be published).

Fig. 5. AFM image (top-view) of Fe-doped TiO2 thin fi lm cal-
cined at 460oC.

Fig. 6. Surface profi le (Alpha-step IQ) of Fe-doped TiO2 thin 
fi lm (L: left side and R: right side) calcined at 460oC.

Fig. 7. Yield conversion of p-xylene over doped TiO2 cata-
lysts (0.7% wt. of Me loading) under UV and visible light 
irradiation.

Fig. 8. Yield conversion of p-xylene over Fe-doped TiO2 sam-
ples with different Fe loading under visible light irradiation.



D.T. Phuong et al. / Desalination and Water Treatment 34 (2011) 246–250250

 

4. Conclusion

Nano TiO2 was successful synthesized by hydrother-
mal treatment. The sample was modifi ed by doping tran-
sition metal ions (V, Cr, Fe) and non- metal (N). Non-doped 
TiO2 and doped TiO2 samples were characterized by XRD, 
FE-SEM and UV-Vis. From the characterization results, it 
revealed that after doping, the structure (anatase phase) 
still remain and extending spectral response into visible 
region was noted. Photocatalytic activity in degradation 
of p-xylene (vapor phase) was investigated. The obtained 
results showed that in comparison to non-doped TiO2, the 
doped TiO2 samples exhibited much higher photocatalytic 
activity using visible light instead of UV.
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