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Abstract
Nano size TiO2, N-doped TiO2, TiO2/WO3 and N-doped TiO2/WO3 composite semiconductor photo-catalysts powders 

were prepared following sol-gel and solid phase reaction techniques and characterized using XRD, SEM, EDS and UV-Visible 
spectroscopic techniques. As revealed from X-ray diffraction analysis, the crystallite size of synthesized material was within 9 
to 12 nm. XRD patterns revealed that TiO2 powder existed in anatase as well as rutile phases, while WO3 existed in monoclinic 
form.  UV-visible diffuse absorption spectra indicated that absorption edge of N-doped TiO2, TiO2/WO3 and N-doped TiO2/WO3 
well extends to visible region compared to pure TiO2. Photo-catalytic activities of as-synthesized nanoparticles were compared 
using degradation of phenol red dye, as a probe.  Doping of nitrogen and compositing WO3 with TiO2 both had synergetic effect 
towards improving the photo-catalytic activity of TiO2. Using N-doped TiO2/WO3 photo-catalyst, phenol red in its 50 mgL-1 
solution with photo-catalyst load 150 mgL-1 could be degraded up to 74.7 and 92.6 %, under UV and solar radiation, respectively. 
The results show that the above composite photo-catalyst may be recommended for low-cost and efficient treatment of bulk or 
effluent water contaminated with phenol red, using solar radiation.
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Introduction
Effluents from paper, textile and dyeing  industries and 

petroleum refineries are contaminated with organic pollutants 
such as dyes, phenols and hydrocarbons. These chemicals and 
their metabolites being toxic and non-biodegradable in nature 
cause serious environmental pollution impacting human health as 
well as eco-system [1]. For example, nitro aromatic compounds 
exhibit high toxicity and/or mutagenicity for living organisms 
either directly or through some of their catabolic metabolites [2]. 
The usual physical, chemical. and biological methods adopted for 
the removal of organic pollutants from contaminated water are 
inefficient and generate a large amount of sludge as a solid waste 
that requires secondary treatment. Advanced oxidative photo-
catalytic degradation of organic pollutants in water and air may 
provide an excellent solution for environmental cleanup without 
generating toxic byproducts as this technique enables complete 
oxidation of the pollutants and their conversion to benign species. 
Absorption of a photon of wavelength adequate to band gap energy 
(Eg) of the semiconductor photo-catalyst results in the promotion 
of an electron from its Valence Band (VB) to Conduction Band 

(CB) creating a hole (h+) at the VB. The photo-generated electron/ 
hole pair can either recombine releasing energy as heat or these 
charge carriers migrate to the photo-catalyst’s surface. Whereas, 
the photo-excited electrons at the CB reacts with surface adsorbed 
oxygen, the holes at the VB interact with water molecule forming 
highly reactive hydroxyl radicals that enable degradation of 
organic pollutant molecules forming CO2, H2O, and simple non-
toxic end products.  

The researchers in this area have mainly focused on 
understanding the fundamentals of photo-catalytic processes and 
to explore the possible means of improving efficiencies of high 
band gap photo-catalysts in the visible region of radiation in order 
to harvest the freely available solar energy thus making the process 
cost effective [3-6].  Nano-size (1-100 nm) semiconductor particles 
due to their large specific surface areas have great potential as water 
and air purifier as these can provide redox active media. Besides it, 
the nanoparticles can also exhibit their size and shape-dependent 
optical, electronic and catalytic properties [7].  

Though a wide range of semiconductor material may be 
used in photo-catalytic degradation reactions, yet an ideal photo-
catalyst should be chemically inert, stable toward photo-corrosion, 
non-toxic, photoactive under visible light and of low-cost [8]. 
Titanium dioxide (TiO2) has been used in glass manufacturing, 

https://www.sciencedirect.com/topics/earth-and-planetary-sciences/refinery
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electro ceramics, self-cleaning surfaces and as a photo-catalyst, 
under UV irradiation, for photo degradation of numerous organic 
pollutants in water and air [9-11]. It may be due to its high ultraviolet 
absorption, biological and chemical inertness, cost effectiveness, 
non-toxicity, and long-term stability against chemical corrosion. 

Reza, et al. [12] has reviewed the parameters affecting 
photo-catalytic degradation of dyes using TiO2. Due to the large 
band gap of TiO2, its photo-excitation requires high energy UV 
radiation and its catalytic efficiency is low in solar radiation. A 
higher rate of electron-hole recombination in photo-excited TiO2 
also reduces its catalytic efficiency. In addition to these drawbacks, 
high cost of UV source, required for the photo-excitation, the use 
of TO2, as a catalyst for a large scale treatment of water may not 
be economical. Therefore, this has prompted the researchers for 
further studies to improve photo-catalytic efficiency of high band 
gap photo-catalysts under visible radiation. Such studies mostly 
involve modification of the photo-catalysts by doping metals/ non-
metals or by adopting surface-complex-mediated path [13-19].

Another approach for improving the photo-catalytic efficiency 
of high band gap energy (Eg) semiconductors could be by mixing 
these with a low band gap semiconductor. According to the inter-
particle electron-transfer theory, visible light can photo-excite a low 
band gap semiconductor which in turn can photosensitize another 
semiconductor with high electrical potential and large band gap 
resulting in the enhanced photo-catalytic reaction. Sant & Kamat 
[20] investigated inter-particle electron transfer between size-quantized 
CdS and TiO2  semiconductor nanoclusters. They have found that 
electron transfer from low band gap photo excited CdS (Eg = 2.4 eV) to 
high band gap TiO2 (Eg = 3.2 eV) depends on the particle size of TiO2 
charge and the transfer was observed only when TiO2 particles were 
sufficiently large (>12 Å). However, according to Tian, et al. [21], 
coupling of TiO2 with another semiconductor with lower band gap 
energy such as WO3 (Eg =2,7 eV) to serve as an electron accepter, 
can improve the photo-catalytic properties of TiO2. As a basic 
function, WO3 has a suitable conduction band potentially to allow 
the transfer of photo-generated electrons from TiO2 facilitating 
effective charge separation. In addition to this, formation of a 
monolayer of WOx species on TiO2 can significantly increase the 
surface acidity [22,23]. Owing to such enhanced acidity, TiO2/
WO3 can absorb more hydroxyl groups and simultaneously more 
organic reactants on its surface resulting in an improvement of the 
photocatalytic activity vis-à-vis the pure TiO2 photo-catalyst. Boga 
et al. [24] from spectroscopic and structural analysis of TiO2/WO3 
have reported that due to higher charge separation efficiency and 
the surface hydrophilicity, the above composite photo-catalyst can 
enhance the photo-catalytic degradation of oxalic acid under UV 
light in aqueous media.

However, no reports have appeared on the photo-catalytic 
activity of TiO2/WO3 or N-doped TiO2/WO3 composite photo-
catalysts for photo-degradation of phenol red-an organic pollutant 
in contaminated water.  Phenol red exists as a red crystal that is 
stable in air and has solubility 0.77 g L-1 in water. It exhibits a 
gradual transition in color from yellow (λmax = 443 nm) to red (λmax = 
570 nm) over the pH range 6.8 to 8.2. Phenol Red (PR) also known 

as phenol sulfonaphthalein is a pH indicator and  frequently used 
in cell biological laboratories for determining kidney function, is 
toxic in nature. On contact with eye and skin, it causes irritation and 
if inhaled, it is harmful for respiratory tract and digestive system. 
This paper reports a comparative photo-catalytic degradation of 
phenol red in aqueous medium using sol-gel and hydrothermally 
synthesized and duly characterized Nano size TiO2, N-doped-TiO2, 
TiO2/WO3 and N-doped TiO2/WO3 composites as photo-catalysts.

Materials and Methods
Chemicals

Titanium tetrachloride TiCl4 (MW 189.87 g.mol-1, 99.9%; 
SD chemicals); TiO2 (Degussa p-25, MW: 79.9 g.mol-1, 99%, 
Germany); WO3 (MW 231.84 g.mol-1, 99%, SD fine chemicals,); 
Ethanol, C2H3OH (MW 58.03 g.mol-1, 99.9%, Park scientific); 
Ammonium hydroxide, NH4OH (MW 35.04 g.mol-1, Abron 
chemicals); Urea (MW 60.06 g.mol-1, extra pure BLULUX)) and   
Phenol Red (C19H14O5S, MW: 354.38 g·mol−1, BLULUX) were of 
analytical grade. Molecular structure of Phenol Red is shown in 
Figure 1.

Figure 1: Molecular structure of Phenol- red 
(phenolsulfonphthalein).

Methods
Preparation of TiO2 Nanoparticles 

Nano Size Titanium Dioxide (TiO2) was prepared by following 
sol-gel route [25,26]. The precursor titanium tetrachloride (TiCl4) 
was added to distilled water taken in a glass conical flask, kept in 
an ice bath. To this, ethanol and ammonium hydroxide solution 
were mixed with vigorous stirring for 30 min.  The precipitate 
thus obtained was thoroughly washed with distilled water for 
the removal of chloride ions, dried at 110 ˚C. The product was 
calcinated at 400 ˚C. for four hours, cooled and ground to get a 
fine powder

Preparation of N-doped TiO2

Nitrogen doped TiO2 nanoparticles were prepared by solid 
phase reaction method, described elsewhere [26]. Typically, urea 
and as-synthesized TiO2 with molar ratio = 1:3, were mixed in a 
ceramic crucible and calcinated at 400 ˚C for 4 hrs. The product 
was cooled to room temperature, crushed to get fine powder and 
then stored in a moisture-free atmosphere before further use.

https://pubs.rsc.org/en/results?searchtext=Author%3APaul A. Sant
https://pubs.rsc.org/en/results?searchtext=Author%3APrashant V. Kamat
https://en.wikipedia.org/wiki/Lambda_max
https://en.wikipedia.org/wiki/PH_indicator
https://en.wikipedia.org/wiki/Cell_biology
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Preparation of WO3 coupled TiO2

As-synthesized TiO2 and WO3 (molar ratio 95: 5) were 
thoroughly mixed with equimolar mixture of ethanol and water 
[27], dried at 110 ˚C and calcinated at 400 ˚C for four hrs. The 
product was then cooled and crushed to a fine powder. 

Preparation of N-doped TiO2/WO3 
As-synthesized N-doped TiO2 and WO3 (95:5, w/w) were 

thoroughly mixed in an equimolar mixture of ethanol and water.  
The mixture was dried up at 110 ˚C for 2 h and then calcinated at 
400 ˚C for 4h. The product was crushed to fine powder at room 
temperature before further use.
XRD Analysis

XRD patterns of as-prepared photo-catalysts powders were 
obtained over 2θ range: 20-60˚ using an X-Ray Diffractometer 
(Bruker D8 Advance XRD) and Cu Kα radiation (λ = 0.154056 
nm). The X-ray diffractometer was operated at 40 kV and 40 mA 
under scan rate 0.02˚ min-1

SEM Analysis
A drop of photo-catalyst powder dispersion in acetone was 

released over the carbon SEM stub. The stub was then heated in 
a vacuum oven for 10 min at 200 ˚C and subsequently cooled to 
room temperature. The SEM image of each sample was obtained 
using accelerating voltage 15 kV at different magnifications.
UV/Visible Analysis

For determining photo absorption edge and band gap energy 
of photo-catalyst powders, optical absorbance of their aqueous 
suspension (0.01%, w/v) were recorded over 200-800 nm using a 
UV/Visible spectrophotometer (JASCOV 550).

Photocatalytic Degradation Study
Photo-catalytic degradation of Phenol-Red (PR) was carried 

out using a batch type reactor, described, elsewhere [28]. It 
comprised of a quartz tube with an effective volume of 250 mL 
and provided with an inlet for air-purging and an outlet for the 
collection of reaction mixture. Each time, 100 mL PR aqueous 
solution of specified initial concentration (pH =6.7) mixed with 
a known amount of photo-catalyst powder was taken in the 
reactor tube and stirred in dark for an hour to achieve sorption-
desorption equilibrium between photo-catalyst powder and PR 
solution. A UV lamp (12W, Philips) emitting radiation at 254 nm 
and operated at 230 Volts and 50 Hz, was used as a UV source. 
The lamp was kept at 12 cm above the top of the reactor tube.  
Exposure of PR solution to the solar radiation was done on clear 
days, during 10 AM to 4 PM. at Haramaya University, Ethiopia 
(9025’30” N & 4202’0’’E). During irradiation, the reaction mixture 
was purged with air at flow rate 100 ml L-1.  A five mL each of 
reaction mixture was collected at a regular interval, centrifuged 
at 4000 rpm for 5 minutes and filtered through a 0.5 µm pore size 
membrane. Absorbance of the filtrate was recorded at 432 nm on a 
spectrophotometer (JASCOV 550) and the percent degradation of 
the substrate (PR) was calculated using the relation- 

% Degradation = [(Ao-At)/Ao] x 100 (1)

Where, Ao and At are absorbance values at initial stage of reaction 
and at time ‘t’, respectively.

Results and Discussion
XRD Analysis

XRD patterns of as-synthesized photo-catalysts: TiO2, 
N-doped TiO2, TiO2, /WO3 and N-doped TiO2, /WO3 are presented 
in Figure 2.  The XRD of TiO2 powder calcinated at 400 ˚C 
showing diffraction peaks at 2θ = 25.5, 38.7, 48.2, 54.9 and 64.0° 

corresponding to the crystal planes (101), (004), (200), (105) and 
(204), respectively, revealed the existence of tetragonal anatase 
phase of TiO2 in agreement with the standard spectrum (JCPDS 
Card Nos. 21-1272). However, the reflections at 27.0, 56.6 and 
69.4° from the crystal planes (110), (220) and (301) also indicated 
the presence of some rutile phase [JCPDS 84-1286)] as well in the 
synthesized TiO2 powder.  The observed XRD pattern for N-doped 
TiO2 was similar to that of calcinated TiO2 suggesting that crystal 
structure of the later is unaltered by the doped nitrogen. Since 
no additional diffraction peak is observed in the XRD pattern of 
N-doped TiO2 vis-à-vis TIO2, it suggests that the anatase and rutile 
phases of TiO2 remain intact on doping N. It also implies that the 
guest N atoms in the crystal lattice are distributed substituting 
equal number of oxygen atoms [29]. Further, in the XRD patterns 
of TiO2/WO3 and N-TiO2/WO3s composites, the observed low 
intensity additional peaks at 25.0, 28.1, 35.2, 37.9 and 52.0 are 
from (110), (200), (111), (201) and (220), respectively, planes of 
WO3 hexagonal phase (JCPDS Card No. 033-1387) and the peaks 
pattern suggests the compositing WO3 with TiO2 results in shifting 
of anatase ⇌ rutile equilibrium in favor of rutile phase.

Figure 2: XRD Patterns of as-synthesized TiO2, N-doped TiO2, 
TiO2/WO3 and N-doped TiO2/WO3 photo-catalysts powders.

The average crystallite size of as-synthesized photo-catalysts 
powders were obtained using Dubye Scherrer equation-

D = K.λ / (β.cosθ) (2)
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Where, D is crystallite size in nanometer, K is shape factor constant 
equal to 0.9, β is the full width at half maximum (FWHM) in 
radians of the most intense diffraction peak, λ is the X-ray wave 
length (0.15406 nm) and θ is Bragg’s angle. Average crystallite 
size, diffraction angle (2θ) of most intense diffraction peak and β 
values are given in Table 1. Average crystallite size of synthesized 
photo-catalyst powders were in the range 9-12 nm

Photo-catalyst 2θ (degree) β (radian) D (nm)

TiO2 25.59 0.0120 11.9

N-TiO2 25.42 0.0147 9.7

TiO2/WO3 25.45 0.0156 9.2

N-TiO2/WO3 25.59 0.0133 10.6

Table 1: Diffraction angle (2θ) and β (full width at half maximum 
FWHM) of the most intense diffraction peak and crystallite size 
(D) for synthesized photo-catalyst powders.

SEM Analysis

Scanning Electron Microscopic (SEM) images for photo-
catalysts powders using accelerating voltage 15 kV at similar 
magnification, are presented in Figure 3. Particles consisting of 
coherently scattered domain in the size range 5-50 nm are found 
to be agglomerated and of polycrystalline nature. The observed 
SEM images distinctly display the irregular shapes as well as 
size of the individual particles and the fine detail of surface 
topography. The observed diverse shaped SEM images included 
Nano platelet structure, with non-uniform size with thickness 60 
to 300 nm and width/diameter 0.5 to 1.5 µm. Also in the SEM 
figures are nanorods-nanobelts 40-70 nm thick 10-15 µm long. In 
the SEM images, some urchin-like structures, with dimensions in 
the nanorange, were also observed. At identical magnification of 
SEM, average particle size of synthesized TiO2/WO3 or N- TiO2/
WO3 composites is smaller compared to pure TiO2 and N-doped 
TiO2 photo-catalysts.  This suggests that compositing WO3 with 
TiO2 not only promotes transforming anatase to rutile phase, 
described above, but can also prevents the growth of the catalyst 
crystallites. 

Further, in SEM images of TiO2/WO3 or N-TiO2/WO3 
composite photo-catalysts, WO3 particles appear smaller in size 
and brighter in appearance compared to the TiO2 particles. These 

features may be attributed to the larger atomic number of W 
(compared to Ti). As a basic principle, element with larger atomic 
number tends to agglomerate less resulting in its smaller size, but it 
appears brighter owing to more intense back-scattering of surface 
electrons.

Figure 3: Scanning Electron Microscopic (SEM) images of 
synthesized photo-catalysts powders at accelerating voltage 15 
kV. (A): Calcined TiO2, (B): N-doped TiO2, (C): TiO2/WO3, (D): 
N-TiO2/WO3.

EDS Analysis

The elemental distribution of synthesized photo-catalyst 
material was investigated using energy dispersive X-ray system 
(EDS). The EDS spectra of TiO2, N-doped TiO2, TiO2/WO3 and 
N-doped TiO2/WO3 are presented in Figure 4. In case of TiO2 and 
N-doped TiO2 photo-catalysts, only two peaks, one for oxygen 
and the other for titanium, are observed. However, the absence 
of nitrogen peak in case of N-doped TiO2 EDS spectra may be 
due to the overlap of nitrogen (K) and Titanium (L) energy peaks. 
Whereas, in the TiO2/WO3 composite sample, Ti and W percent 
concentrations (w/w) were: 97.9 and 2.1, respectively, while for 
N-TiO2/WO3 these were 96.2 and 3.8%, respectively. Since no 
peak representing any other foreign element, within the detection 
limit of the EDS spectrometer, were detected, it also established 
the purity of as synthesized photo-catalyst samples.
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Figure 4: Energy Dispersive X-Ray Spectra (EDS) and elemental 
percent composition (w/w) (excluding N and O) (A):  TiO2 [Ti =100 
%]; (B): N-doped TiO2, [Ti =100 %]; (C): TiO2/WO3 [Ti=97.9% 
and W=2.1%]; (D): N-doped TiO2/WO3[Ti=96.2% and W=3.8%]. 

UV/Visible Spectroscopic Analysis

UV–Visible diffuse reflectance spectra of synthesized photo-
catalyst powders dispersed in aqueous medium are presented in 
Figure 5. Absorption edges of TiO2, N-doped TiO2, TiO2/WO3 
and N-TiO2/WO3 composites were 397, 492, 485 and 520 nm, 
respectively. The observed red shift of absorption edge from 397 
nm to 495 nm on doping N in TiO2 may be due to the incorporation 
of 2p energy levels of N within the valence and conduction bands 
of TiO2 causing band gap narrowing. The observed absorption 
edge shifting to higher wavelength in case of N-doped TiO2 also 
ensures successful doping of N into TiO2. Absorption wavelength 
of TiO2/WO3 composite is also well extended to higher wave 
length (485 nm) vis-à-vis TiO2 (397 nm). This may be attributed to 
the intermixing of energy levels of the two photo-catalysts leading 
to the lowering of band gaps. Highest observed absorption wave 
length (520 nm) in case of N-doped TiO2/WO3 composite, among 
the studied photo-catalysts, may be due to cumulative synergetic 
effect of band gap narrowing caused due to N-doping as well as 
compositing the two photo-catalysts.

Band gap energy of photo-catalysts were calculated using the 
relation-

Eg = 1240/λ (3)

Where, Eg is band gap energy in electron volts, and λ is the 
absorption edge wavelength (nm).

The band gap energy thus calculated for TiO2, N-doped TiO2, 
TiO2/WO3 and N-TiO2/WO3, are: 3.12, 2.52, 2.56 and 2.38 eV, 
respectively.

Figure 5: UV-Visible diffuse absorption spectra of synthesized 
photo-catalysts: A = TiO2, B = N-doped TiO2; C= TiO2/WO3 
composite and D= N-doped TiO2/WO3 composite.

Photo-Catalytic Degradation Study

Plots of percent photo-catalytic degradation of Phenol Red 
(PR) over different photo-catalysts as a function of time, using 
substrate initial concentration, 50 mgL-1 and photo-catalyst load 
150 mgL-1, under UV and solar radiations are presented in Figure 
6 and Figure 7, respectively. Phenol red degradation at three hrs. 
Over uncalcined TiO2, calcined TiO2, Degussa p-25, N-doped 
TiO2, TiO2/WO3 and N-doped TiO2/WO3 under UV radiation 
were: 1.39, 28.6, 37.9, 40.3, 68.7 and 74.7 %, respectively and 
under solar radiation were: 1.4, 54.3, 56.4, 83.3, 85.2 and 92.6, 
respectively. Percent degradation values of PR at 3 hrs. using its 
initial concentration 50 mgL-1 and photo-catalyst load 150 mgL-

1are presented in Table 2.  Photo-catalytic activity of Degussa P-25, 
was found to be higher compared to uncacined TiO2 or calcined 
TiO2 under UV as well as visible radiations. It may be because 
the Degussa P-25 mainly consists of photo-active anatase phase 
(60-70%) (along with less active minor amounts of rutile and other 
amorphous forms), whereas the uncalcined TiO2 is a photo-inactive 
amorphous substance and calcinated TiO2 may be having lesser 
proportion of anatage in the mixed phases than in Degussa P-25 
[29]. Degradation of phenol red over N-doped TiO2 was higher 
compared to Degussa P-25 and pure TiO2 under solar radiation 
than under UV radiation. This may be attributed to the red-shift in 
photo-absorption enhancing photo response of N-doped TiO2 in the 
visible region and a lowered rate of electron-hole recombination. 
The improved photo-catalytic performance under UV as well as 
solar radiations in case of coupled semiconductor system (TiO2/
WO3) compared to pure TiO2 can be attributed to synergetic effects 
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of enhanced charge separation efficiency as well the surface 
hydrophilicity in case of the composite semiconductors [30].

Since among the studied photo-catalysts, N-doped TiO2/
WO3 composite could exhibit as high as 92.6% degradation of PR 
at 3 hrs using dye initial concentration 50 mgL-1 and photo-catalyst 
load 150 mgL-1 under solar radiation, this composite photo-catalyst 
can be recommended for a low cost and efficient treatment of bulk 
water or industrial effluent contaminated with phenol red. 

Photo-Catalyst % Degradation Under
UV Radiation

% Degradation 
Under

Solar Radiation

TiO2(uncalcined) 1.40 ±01 1.42 ±0.01

TiO2(calcinated) 28.62 ±0.03 54.32 ±0.05

P-25 37.86 ±0.06 56.41±0.06

N-TiO2 40.34 ±0.15 83.26 ±0.12

TiO2/WO3 68.73 ±0.26 85.18 ±0.13

N-TiO2/WO3 74.71 ±0.42 92.57 ±0.15

Table 2: Percentage (%) Degradation of Phenol Red (PR) under 
UV and visible radiations at 3 hrs. (initial concentration of PR = 
50 mg L-1; Photo-catalyst load= 150 mgL-1).

Figure 6: Percent degradation of Phenol Red (PR) under UV 
radiations as a function of time (initial concentration of PR = 50 
mg L-1; Photo-catalyst load= 150 mgL-1).

Figure 7. Percent degradation of Phenol Red (PR) under Solar 
radiations as a function of time (initial concentration of PR = 50 
mg L-1; Photo-catalyst load= 150 mgL-1).

Conclusion
Nano size nitrogen doped TiO2 and TiO2/WO3 composite 

semiconductor powders were synthesized using sol-gel and 
hydrothermal techniques. Nitrogen doped TiO2 exhibited higher 
degradation of phenol red dye under visible/solar radiation than 
under UV light due to lowering of band gap and thus enhanced 
photo absorption in the visible region of radiation. Nitrogen doping 
as well as compositing of WO3 with TiO2 showed synergetic effect 
towards improving the photo-catalytic degradation of phenol red in 
aqueous solution. With the dye initial concentration: 50 mg L-1 and 
N-doped TiO2/WO3 photo-catalyst load: 150 mgL-1 its degradation, 
as high as 92.6%, could be achieved within three hrs. Therefore, 
the above composite photo-catalyst can be recommended for a low 
cost and efficient treatment of bulk water or effluents contaminated 
with phenol red and the purified water thus obtained may be used 
for domestic and agriculture sectors.
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