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Abstract

The aim of the present study was to standardize and to assess the predictive value of the cytogenetic analysis
by Micronucleus (MN) test in fish erythrocytes as a biomarker for marine environmental contamination. Micronucleus
frequency baseline in erythrocytes was evaluated in and genotoxic potential of a common chemical was determined
in fish experimentally exposed in aquarium under controlled conditions. Fish (Therapon jaruba) were exposed for 96
hrs to a single heavy metal (mercuric chloride). Chromosomal damage was determined as micronuclei frequency in
fish erythrocytes. Significant increase in MN frequency was observed in erythrocytes of fish exposed to mercuric
chloride. Concentration of 0.25 ppm induced the highest MN frequency (2.95 micronucleated cells/1000 cells compared
to 1 MNcell/1000 cells in control animals). The study revealed that micronucleus test, as an index of cumulative
exposure, appears to be a sensitive model to evaluate genotoxic compounds in fish under controlled conditions.
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1. Introduction

In India, about 200 tons of mercury and its
compounds are introduced into the environment
annually as effluents from industries (Saffi, 1981).
Mercuric chloride has been used in agriculture as a
fungicide, in medicine as a topical antiseptic and
disinfectant, and in chemistry as an intermediate in
the production of other mercury compounds. The
contamination of aquatic ecosystems by heavy
metals and pesticides has gained increasing attention
in recent decades. Chronic exposure to and
accumulation of these chemicals in aquatic biota
can result in tissue burdens that produce adverse
effects not only in the directly exposed organisms,
but also in human beings.

Fish provides a suitable model for monitoring
aquatic genotoxicity and wastewater quality
because of its ability to metabolize xenobiotics and
accumulated pollutants. A micronucleus assay has
been used successfully in several species (De Flora,
et al., 1993, Al-Sabti and Metcalfe, 1995). The
micronucleus (MN) test has been developed
together with DNA-unwinding assays as
perspective methods for mass monitoring of
clastogenicity and genotoxicity in fish and mussels
(Dailianis et al., 2003).

The MN tests have been successfully used as
a measure of genotoxic stress in fish, under both

laboratory and field conditions. In 2006 Soumendra
et al., made an attempt to detect genetic biomarkers
in two fish species, Labeo bata and Oreochromis
mossambica, by MN and binucleate (BN)
erythrocytes in the gill and kidney erythrocytes
exposed to thermal power plant discharge at
Titagarh Thermal Power Plant, Kolkata, India.

The present study was conducted to determine
the acute genotoxicity of the heavy metal compound
HgCl2 in static systems. Mercuric chloride is toxic,
solvable in water hence it can penetrate the aquatic
animals. Mutagenic studies with native fish species
represent an important effort in determining the
potential effects of toxic agents. This study was
carried out to evaluate the use of the micronucleus
test (MN) for the estimation of aquatic pollution
using marine edible fish under lab conditions.

2. Materials and methods

2.1. Sample Collection

The fish species selected for the present study
was collected from Pudhumadam coast of Gulf of
Mannar, Southeast Coast of India. Therapon
jarbua belongs to the order Perciformes of the
family Theraponidae. The fish species, Therapon
jarbua (6-6.3 cm in length and 4-4.25 g in weight)
was selected for the detection of genotoxic effect
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Abstract

 Photocatalytic degradation of 2,4-dichlorophenol (2,4-DCP) contaminant in water was investigated. Composite  
SnO2/TiO2 films N-doped to varying degrees were prepared via sol-gel method, and coated on glass fibers by dipping  
method.The effects of nitrogen-doping on coating morphology, physical properties, and 2,4-DCP degradation rates  
were experimentally determined. Nitrogen-doping shifted absorption wavelengths and narrowed the energy band gap,  
enhancing photocatalytic performance. The maximum efficiency of 2,4-DCP degradation was up to 93.65% for 12 h of  
40N/SnO2/TiO2 composite film. The near optimal 40N/SnO2/TiO2 composite thin film exhibited about 4 folds degradation 
rates relative to pure TiO2, and should perform well in water purification applications.
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1. Introduction

 One  of   the  most  important  sources  of   environmental 
pollutionare organic pollutants that they are the major 
threats to the environment, human and animal health, 
especially water resources. These substances are  
non-biodegradable and stable and need to be removed 
from the environment (Hoseini et al., 2017).  
2,4-Dichlorophenol (2,4-DCP) is a chemical  
precursor for manufacture of a widely used herbicide 
2,4-dichlorophenoxy acetic acid (2,4-DCP). After  
the herbicide have been applied on agricultural sites, 
2,4-DCP is the major transformation product of  
2,4-D by solar photolysis and/or microbial activities 
in the nearby soil or in natural water. 2,4-DCP has  
also been found in disinfected water after chlorination,  
in the flue gas of municipal waste incineration, or in  
pulp and paper wastewater. It has been realized that 
2,4-DCP may cause some pathological symptoms 
and changes to endocrine systems of human (Li et al.,  
2007). The removal of these hazardous organic  
pollutants has become necessary and important for  
environmental safety. These organic compounds can  
be oxidized using chemical, photochemical and  
microbiological processes (Sinirtas et al., 2016).

 Conventional processes, such as physical, chemical 
and biological methods, are used to remove  
chlorophenols. These techniques, however, are difficult 
to degrade such refractory biodegradation organic  
pollutants completely. In recent years, several advanced 
oxidation processes (AOPs) are put forward for  
the degradation of chlorophenols. One of the most  
important photocatalysts is titaniumdioxide (TiO2), 
which has been known as the most preferable  
photocatalyst due to its stability, nontoxicity, and 
low cost. (Jian et al., 2013). TiO2, as a photocatalyst, 
has been studied for its high catalytic efficiency,  
non-toxicity and stable chemical performance.  
However, it is difficult for TiO2 powder to disperse  
and be recycled in aqueous solution, TiO2 is mostly 
coated on some carriers before use. When it is  
irradiated by photon whose energy exceeded 3.2 eV,  
holes that have powerful oxidation ability and  
electrons that have reduction ability are both  
generated on the surface of TiO2, but recombination  
of holes and electrons occurs at the same time,  
reducing the catalytic performance of TiO2. In order  
to enhance TiO2 catalytic ability, it is modified by  
adulterating metal ions or some metal oxides to restrict 
or reduce the recombination efficiency. There are some  
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reports on the catalytic application of TiO2. However, 
reports about the association degradation of organic 
with TiO2 and others processes are mostly simple. 
(Zhao et al., 2007)
 In order to enhance the photocatalytic activity 
of TiO2 for its practical use and commerce, it is 
important to decrease the recombination of  
photogenerated charge carriers. Coupling TiO2 with 
other semiconductors can provide a beneficial solution 
for this drawback. For example, Tada et al. (2004) 
and Kadam et al. (2017) conducted a systematic  
research on the SnO2 as a coupled semiconductor and  
confirmed that the photogenerated electrons in  
the SnO2/TiO2 system can accumulate on the SnO2 
and photogenerated holes can accumulate on the 
TiO2 because of the formation of heterojunction at  
the SnO2/TiO2 interface, which can result in lower 
recombination rate of photogenerated charge carriers 
and   higher  quantum  efficiency  and  better   photocatalytic 
activity (Zhou et al., 2008).
 Nitrogen-doped titanium dioxide is attracting a  
continuously increasing attention because of its  
potential the material for environmental photocatalysis. 
Many authors have reported that N-doped titanium  
dioxide. While some authors claim that the band gap 
of the solid is reduced due to a rigid valence band shift 
upon doping, others attribute the observed absorption of  
visible light by N-TiO2 to the excitation of electrons  
from localized impurity states in the band-gap.  
Interestingly, it appears that the N-doping induced 
modifications of the electronic structure may be 
slightly different for the anatase and rutile polymorphs  
of TiO2. The mechanism of N-dopant influence on  
the photoabsorption and photoactivity was a matter  
of intensive discussions. Various theoretical and  
experimental approaches assuming band gap narrowing 
by overlapping between N 2p and O 2p orbitals, e.g,  
formation of intra-band surface states, oxygen  
vacancies, demonstrate the complexity of the case 
and deserved several reviews, as for example. It is 
reminded that N doping is extremely sensitive to the 
preparation technique and its state and configuration 
is still in the focus of researcher’s attention. A number 
of investigations of substitutional and interstitial  
N-doped TiO2 visible light photocat-alytic activity 
confirms the advantage of interstitial position  
(Valentin et al., 2007; Georgieva et al., 2017).
 The aim of this work is to assess the degradation  
of 2,4-DCP contaminant in water by photocatalytic 
treatments, using N-doped SnO2/TiO2 composites and 
TiO2 a baseline, coated on glass fibers. An optimum 
level of nitrogen-doping was determined, for  
maximizing the degradation rate of 2,4-DCP The 

films were also characterized for their morphology, 
anatase crystallinity, and band gap energy and  
considered fundamental explanatory characteristics 
affecting photocatalytic activity.

2. Experimenta

2.1 Materials and methods

 Three coating layers were deposited on glass  
fibers of type E-glass by the sol-gel process using  
the dip-coating method. The specific surface area 
of the starting glass fiber materials is 0.05 m2g-1 and 
diameter is about 20 μm. The coating sol for the first 
layer film was a SiO2/TiO2, prepared by dissolving 9 
mL titanium tetra-isopropoxide (TTIP, 99.95%, Fluka 
Sigma-Aldrich) and 0.07 mL tetraethylorthosilicate 
(TEOS, 98%, Fluka Sigma-Aldrich) with 145 mL 
ethanol, stirring at room temperature with a speed 
of 800 rpm for 60 min to achieve the mole ratio of 
TTIP:C2H5OH = 1:82 then adding 2 M HCl into the 
sol to adjust pH to be about 3.5. The coating sol for the 
second and third layers were the N-doped SnO2/TiO2 
composite, prepared by dissolving certain amounts of 
TTIP, polyvinylprrolidone (PVP), and 0.315 g tin (IV) 
chloride pentahydrate (98%, Riedel DeHaёn) with  
145 mL ethanol, stirring at room temperature with a 
speed of 800 rpm for 60 min then adding 2 M HCl  
into the sol  to adjust  pH to be about 3.5.  
The concentration of SiO2 in TiO2 of the first layer  
was fixed at 5 mol%, while in the second and third  
layer 3 mol% SnO2 was used (Kongsong et al., 2014). 
Nitrogen of 0-40 mol% was doped into the SnO2/ 
TiO2 composite films following Hao-Li Qin and  
co-workers (Qin et al., 2008).
 Before coating, the glass fibers were heated at 
500°C for 1 h in order to remove wax, cleaned in an 
ultrasonic bath by using ethanol and dried at 105°C 
for 24 h. A dip-coating apparatus was used to coat the 
fibers. Firstly, SiO2/TiO2 sol was coated on glass fibers 
as a compatibilizer layer and followed with N-doped 
SnO2/TiO2 sol on top for another two layers. The sol 
could be homogenously coated on the substrate at  
the dipping speed of 1.0 mm/s. Secondly, gel films 
of TiO2 composites were obtained by drying at 60°C  
for 30 min before calcination at 600°C for 2 h at  
a heating rate of 10°C/min. After that the TiO2  
composite films coated glass fibers were cleaned with 
distilled water in an ultrasonic bath for 15 min in order 
to remove the TiO2 free particles, dried at 105°C for 
24 h and kept in a desiccator until use in experiments 
(Kongsong et al., 2014).
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2.2 Materials characterization

 The surface morphology of the prepared films  
were characterized by scanning electron microscopy 
(SEM, Quanta, FEI ) and atomic force microscopy 
(AFM) Multi-Mode scanning probes Veeco NanoScope 
IV with a scan area of 2 μm × 2 μm. The chemical 
composition of the films was investigated by X-ray 
photoelectron spectrometer (XPS; AXIS ULTRADLD, 
Kratos analytical, Manchester, UK). Spectrums were 
process on software “VISION II” by Kratos analytical, 
Manchester, UK. The base pressure in the XPS  
analysis chamber was about 5x10-9 torrs. The samples 
were excited with X-ray hybrid mode 700x300 μm  
spot area with a monochromatic Al Kα 1,2 radiation  
at 1.4 keV. X-ray anode was run at 15 kV, 10 mA 
and 150 W. The photoelectrons were detected with 
a hemispherical analyzer positioned at an angle of 
45o with respect to the normal to the sample surface. 
Crystallinity composition was characterized by using 
an X-ray diffractometer (XRD) (Phillips E’pert MPD, 
Cu-Kα). The crystallite size was determined from  
XRD peaks using the Scherer equation (Liuxue et al., 
2006),
                                                                                 (1)

 where D is crystallite size, λ is the wavelength of 
X-ray radiation (Cu-Kα = 0.15406 nm), θ is the Bragg's 
angle and β is the full width at half-maximum (FWHM). 
The band gap energies of TiO2 and TiO2 composites, 
in powder form, were measured by UV-Vis-NIR 
Spectrometer with an integrating sphere attachment 
(Shimadzu ISR-3100 spectrophotometer), by using 
BaSO4 as reference.

2.3 Photocatalytic reaction test

 The photocatalytic activities of TiO2, SnO2/TiO2 
and N-doped SnO2/TiO2 thin films coated glass fibers 
were tested by the degradation of 2,4-DCP solution.  
The 50 mL 2,4-DCP solution with an initial  
concentration of 10 ppm was treated with 2 g of TiO2 
film coated glass fibers under a UV-lamp (black light) 
of 110 W powers and 310-400 nm emitted wavelength 
(Sikong et al., 2015). The distance between substrate 
and light source was 32 cm. The dark reaction chamber 
had only UV irradiation and reaction times up to 12 h 
were observed. 2,4-DCP concentration was determined 
by sampling at certain time intervals and monitoring  
t he  abso rbance  a t  284  nm us ing  UV-v i s  
spectrophotometer (UV-1700, Shimadzu, Japan)  
(Liu et al., 2010). The photocatalytic activity of 5 
samples was tested and an averaged value was taken 
for evaluation.

3. Results and Discussion

3.1 XRD result of TiO2 thin films
 
 The XRD patterns of TiO2, along with undoped 
and N-doped SnO2/TiO2 thin films, after calcination at 
600°C for 2 h, are shown in Fig. 1. Comparisons with 
the JCPDS 21-1272 anatase card of ASTM (American 
Society for Testing and Materials), and the JCPDS  
21-1276 rutile ASTM card, suggest that all samples  
had anatase phase. The peaks corresponding to  
different crystallographic planes against an almost 
flat base line suggest the formation of polycrystalline  
compounds (Thomas et al., 2002). The very broad  
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Figure 1. XRD patterns of thin films: (a) TiO2, (b) SnO2/TiO2 and (c-f) 10, 20, 30 and 40 mol% N/SnO2/TiO2, 
respectively. 
 
Table 1. Crystallite sizes and energy band gaps of the calcined thin films synthesized 
 

Samples Crystallite size (nm) Energy band gap (eV) 
TiO2 17.2 3.20 
SnO2/TiO2 17.2 3.20 
10N/SnO2/TiO2 12.9 3.06 
20N/SnO2/TiO2 10.3 3.05 
30N/SnO2/TiO2 8.4 3.01 
40N/SnO2/TiO2 8.6 2.94 

 
3.2 Morphology of thin film surface  
 

The morphology of TiO2 films coated on glass fibers were observed by SEM as illustrated in 
Fig. 2. It can be seen that the anatase crystallinity nucleated is homogeneous and has a smooth 
surface. However, excess TiO2 seems to be randomly deposited on glass fiber surfaces. 
Agglomeration of nanoparticles was clearly found for SnO2/TiO2 film (Fig. 2(f)) but not for undoped 
TiO2 (Fig. 2(d)) and 40N/SnO2/TiO2 films (Fig. 2(h)). N-doping hindered the anatase crystal growth 
and reduced the crystallite size in agreement with the XRD results shown in Fig. 1. The morphology 
of the composite TiO2 thin film coating surface observed by AFM illustrated in Fig. 3. It can be seen 
that crystals of the anatase phase nucleated from the thin film are homogeneous. The average surface 
roughness of TiO2, SnO2/TiO2 and 40N/SnO2/TiO2 thin film found from AFM images are about 9, 11, 
and 2 nm, respectively. The SnO2/TiO2 thin film exhibits more roughness surface compared with 
40N/SnO2/TiO2 and pure TiO2 films because of the agglomeration of nanocrystallines. It is noted that 
the grain sizes of pure TiO2, SnO2/TiO2 and 40N/SnO2/TiO2 films are estimated by AFM images 
about 40-50, 50-60 and 20-30 nm, respectively. This smallest grain size affected by nitrogen-doping 
promotes the great photocatalytic activity of the 40N/SnO2/TiO2 film. 
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diffraction peaks at (1 0 1) plane (2θ = 25.3◦) of  
N-doped SnO2/TiO2 thin films were due to small 
crystallite size of TiO2. The crystallite sizes calculated 
from Scherrer’s equation are shown in Table 1. It is 
well known that particle sizes play a vital role in  
photocatalytic activity since smaller crystals offer 
greater surface area to volume ratios and thus induce 
better surface absorbability of hydroxyl/water, which 
in-turn acts as an active oxidizer in the photocatalytic 
reaction (Yang et al., 2010). The relatively broad peaks 
of the XRD patterns imply the small crystallite size 
of anatase (Wang et al., 2011). The 30N/SnO2/TiO2  
composite film calcined at 600°C had the smallest  
8.4 nm crystallite size apparently decreased by the 
N doping. The crystallite size decreased with the N 
content increased. Nitrogen seems to hinder phase  
transformation from amorphous to anatase, as  
30N/SnO2/TiO2 film had the lowest degree of  
crystallinity, while SnO2/TiO2 had the highest degree 
(Fig. 1). It can therefore be concluded that the level 
of nitrogen-doping has a significant effect on the  
crystallite size of TiO2 grown during the doping  
process. It is known that both crystallite size and degree 
of crystallinity affect photocatalytic activity, so these 
physical characteristics corroborate the potential of 
N-doping for such effects.

3.2 Morphology of thin film surface

 The morphology of TiO2 films coated on glass 
fibers were observed by SEM as illustrated in Fig. 2. 
It can be seen that the anatase crystallinity nucleated 
is homogeneous and has a smooth surface. However, 
excess TiO2 seems to be randomly deposited on glass 
fiber surfaces. Agglomeration of nanoparticles was 
clearly found for SnO2/TiO2 film (Fig. 2(f)) but not for 
undoped TiO2 (Fig. 2(d)) and 40N/SnO2/TiO2 films  
(Fig. 2(h)). N-doping hindered the anatase crystal 
growth and reduced the crystallite size in agreement 
with the XRD results shown in Fig. 1. The morphology 
of the composite TiO2 thin film coating surface observed 
by AFM illustrated in Fig. 3. It can be seen that crystals 
of the anatase phase nucleated from the thin film 
are homogeneous. The average surface roughness of  
TiO2, SnO2/TiO2 and 40N/SnO2/TiO2 thin film 
found from AFM images are about 9, 11, and 2 nm,  
respectively. The SnO2/TiO2 thin film exhibits more 
roughness surface compared with 40N/SnO2/TiO2 
and pure TiO2 films because of the agglomeration 
of nanocrystallines. It is noted that the grain sizes of 
pure TiO2, SnO2/TiO2 and 40N/SnO2/TiO2 films are 
estimated by AFM images about 40-50, 50-60 and  
20-30 nm, respectively. This smallest grain size affected 
by nitrogen-doping promotes the great photocatalytic 
activity of the 40N/SnO2/TiO2 film.
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3.3  Band gap energy determination

 The UV-vis spectra of pure TiO2 and composite 
TiO2 are shown in Fig. 4. The absorption edge of the 
samples was determined by the following equation,

          (2)

 where Eg is the band gap energy (eV) of the sample 
and λ (nm) is the wavelength of the onset of  
the spectrum. The undoped TiO2 catalyst exhibited 
absorption only in the UV region with the absorption 
edge around 400 nm. The band gap energies of  
the N-doped SnO2/TiO2 catalysts listed in Table 1  
were slightly narrower than that of the undoped TiO2 
(3.20 eV). Dopants affect the UV-vis spectra by  
inhibiting recombination of electron-hole pairs, here 
especially for the N-doped specimens. The band gap 
energy of N-SnO2/TiO2 was shifted by 0.14-0.26 eV 
relative to 3.20 eV for pure TiO2. The band gap energy 

of 40N/SnO2/TiO2 was 2.94 eV. The band gap energy 
of TiO2 tends to decrease with increasing N content. 
These shifts demonstrate how photocatalytic activity 
may be modulated by atomic-level doping of a  
nano-catalyst. The absorption wavelength of the  
40N/SnO2/TiO2 photocatalyst is extended towards  
visible light (λ = 421.7 nm), relative to the other 
samples (Sikong et al., 2012), giving it the highest  
photocatalytic activity. The N-doping slightly decreased 
the band gap to 2.94 eV by the formation of localized 
N 2p states just above the valence band maximum 
of TiO2, due to substitutional N species (Jaiswal  
et al., 2012). When the amount of N-doping increased,  
the degree of crystallinity of anatase (TiO2) decreased, 
resulting in a reduction of crystallite size. In addition, 
the N interstitial atoms incorporated into the TiO2  
lattice has an effect on the light absorption edge  
shifting to longer wave length in visible region,  
leading to the reduction of band gap energy.
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3.4 XPS analysis

 Fig. 5 shows the X-ray photoelectron spectroscopic 
(XPS) survey spectra of TiO2 and 40N/SnO2/TiO2 
thin films. The elements Ti, O, N, and Sn were 
clearly detected, and the semi-quantitative analysis 
estimated atomic fractions in this order were about 
16.8, 63.7, 0.5, and 0.7 at%, for the 40N/SnO2/TiO2 
thin film. The XPS peaks indicate that the co-doped 
TiO2 thin films contain Ti, Sn, O, and N elements, 
and the binding energies of Ti 2p, Sn 3d, O 1s, and N 
1s are 458, 496, 525, and 400 eV, respectively. The 
Sn 3d XPS peaks of Sn-TiO2-x, shown in Fig. 6(a),  
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demonstrate existence of stannous species on the  
surface of TiO2. The Sn 3d5/2-binding energy of  
Sn-TiO2-x at 486.1 eV was below the 486.6 eV  
reference value found inliterature (Xin et al., 2009).  
To assess  the state of nitrogen atoms in the  
N/SnO2/TiO2 thin films, high-resolution XPS spectra 
of N 1s region were generated, as shown in  
Fig. 6(b). The peak at 400.1 eV could be attributed 
to the interstitial nitrogen atoms in crystal lattice of  
TiO2 as Ti-O-N structural feature (Wang et al., 2015). 
This form Ti-O-N linkages, reducing the band gap 
energy beneficially for the photocatalytic properties of 
40N/SnO2/TiO2 films.
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were generated, as shown in Fig. 6(b). The peak at 400.1 eV could be attributed to the interstitial 
nitrogen atoms in crystal lattice of TiO2 as Ti-O-N structural feature (Wang et al., 2015). This form 
Ti-O-N linkages, reducing the band gap energy beneficially for the photocatalytic properties of 
40N/SnO2/TiO2 films. 
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3.5 Photocatalytic activity test

 The photocatalytic activities of the films on glass 
fibers were determined for degradation of 2,4-DCP,  
with an initial concentration of 10 ppm, under UV light 
for various irradiation times. The apparent degradation 
rate constant (k) was chosen as the basic kinetic  
parameter to compare the photocatalysts. The observed 
C0/C vs. irradiation time is plotted in Fig. 7. The fitted 
k values are shown in Table 2. Where C is the  
concentration of 2,4-DCP remaining in the solution 

at irradiation  time t, and C0 is the initial concentration  
at t = 0. The rate constant k is enhanced by N-doping, 
and the 0.202 h–1 rate constant for the 40N/SnO2/TiO2 
film is about 4 folds relative to pure TiO2 under UV  
irradiation (Fig. 7). The 40N/SnO2/TiO2 thin film has  
optimal photocatalytic activity across the range of  
compositions tested. According to prior reports, 
various factors affect the photoactivity of TiO2  
photocatalysts, including crystallinity, grain size, 
specific surface area, surface morphology and surface 
state (surface OH radicals), and these factors are not 
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state of nitrogen atoms in the N/SnO2/TiO2 thin films, high-resolution XPS spectra of N 1s region 
were generated, as shown in Fig. 6(b). The peak at 400.1 eV could be attributed to the interstitial 
nitrogen atoms in crystal lattice of TiO2 as Ti-O-N structural feature (Wang et al., 2015). This form 
Ti-O-N linkages, reducing the band gap energy beneficially for the photocatalytic properties of 
40N/SnO2/TiO2 films. 
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irradiation (Fig. 7). The 40N/SnO2/TiO2 thin film has optimal photocatalytic activity across the range 
of compositions tested. According to prior reports, various factors affect the photoactivity of TiO2 
photocatalysts, including crystallinity, grain size, specific surface area, surface morphology and 
surface state (surface OH radicals), and these factors are not independent but closely related to each 
other (Zaleska et al., 2008; Zhang and Liu, 2008). Doping TiO2 with a suitable amount of nitrogen (40 
mol%) in SnO2/TiO2 composite films shifted light absorption wavelength to the visible region, 
reduced crystallite size to be about 8.6 nm, and narrowed the energy band gap to 2.94 eV (Table 1) 
(Yang et al., 2008). The undoped TiO2 samples have little ability to degrade the contaminant while 
the SnO2/TiO2 samples modified with nitrogen display higher activity owing to the spectral response 
in visible light region. Compared to the undoped TiO2, the N-doped SnO2/TiO2 films had a 
significantly higher degradation, from the spectral response in the visible light region. This is due to 
the N-doping into the TiO2 lattice to form an intermediate energy level, and leading to the narrow 
band gap of N-doped SnO2/TiO2 films. Well-crystallized anatase facilitates the transfer of photo-
induced vacancies from bulk to surface, for the degradation of organic composites, and effectively 
inhibits the recombination between photo generated electrons and holes. As seen in Fig. 1, the 
30N/SnO2/TiO2 thin film had the smallest crystallite size estimated. It is believed that the 
photocatalytic degradation reaction of organic pollutants occurs on the surface of TiO2, and O2 and 
H2O are necessary for the photocatalytic degradation. Under UV irradiation, electron-hole pairs are 
created on the TiO2 surface. Oxygen adsorbed on the TiO2 surface prevents the recombination of 
electron-hole pairs by trapping electrons of SnO2 incorporated in TiO2; Superoxide radical ions (·O-2) 
are thus formed.·OH radicals are formed from holes reacting with either H2O or OH· adsorbed on the 
TiO2 surface. 
 

 
 

Figure 7. Photocatalytic degradation kinetics of 2,4-DCP under UV irradiation. Reaction conditions: C0 = 10 
ppm, catalyst loading: 2 g, reaction time: 12 h. 
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independent but closely related to each other (Zaleska 
et al., 2008; Zhang and Liu, 2008). Doping TiO2 with 
a suitable amount of nitrogen (40 mol%) in SnO2/TiO2  
composite films shifted light absorption wavelength to 
the visible region, reduced crystallite size to be about  
8.6 nm, and narrowed the energy band gap to 2.94 eV 
(Table 1) (Yang et al., 2008). The undoped TiO2  
samples have little ability to degrade the contaminant 
while the SnO2/TiO2 samples modified with nitrogen 
display higher activity owing to the spectral response 
in visible light region. Compared to the undoped TiO2, 
the N-doped SnO2/TiO2 films had a significantly higher 
degradation, from the spectral response in the visible 
light region. This is due to the N-doping into the 
TiO2 lattice to form an intermediate energy level, and  
leading to the narrow band gap of N-doped SnO2/TiO2 
films. Well-crystallized anatase facilitates the transfer 
of photo-induced vacancies from bulk to surface, for 
the degradation of organic composites, and effectively 
inhibits the recombination between photo generated 
electrons and holes. As seen in Fig. 1, the 30N/SnO2/
TiO2 thin film had the smallest crystallite size estimated. 
It is believed that the photocatalytic degradation  
reaction of organic pollutants occurs on the surface 
of TiO2, and O2 and H2O are necessary for  
the photocatalytic degradation. Under UV irradiation, 
electron-hole pairs are created on the TiO2 surface. 
Oxygen adsorbed on the TiO2 surface prevents  
the recombination of electron-hole pairs by trapping 
electrons of SnO2 incorporated in TiO2; Superoxide 
radical ions (·O-2) are thus formed.·OH radicals are 
formed from holes reacting with either H2O or OH· 

adsorbed on the TiO2 surface.

4. Conclusions

 N-doped SnO2/TiO2 composite films were  
successfully synthesized and deposited on glass fibers, 
via sol-gel and dip-coating methods. The coated  
fibers were calcined at 600°C for 2 h at a heating rate  
of 10°C/min in order to form crystalline anatase.  
N-doping of SnO2/TiO2 composite films affected 
surface smoothness, crystallite size, and band 
gap energy of the films. The crystallite size 
and band gap energy of TiO2 decreased with  

the increasing of N content. The synergistic effects 
of N and SnO2 co-doping with a suitable amount are 
responsible for the high photoactivity due to their  
effect on smaller crystallite size and narrower band  
gap energy of these TiO 2 composite f i lms.  
The maximum efficiency of 2,4-DCP degradation  
was up to 93.65% for 12 h of 40N/SnO2/TiO2  
composite film. The  40N/SnO2/TiO2 thin film  
composite has about 4 times the degradation rate  
relative to pueTiO2 under UV irradiation. The results 
suggest that 40N/SnO2/TiO2 composite thin film  
is more effective for treating 2,4-DCP contaminated 
water under UV irradiation.
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