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1. Introduction 
One of the great aims of chemists and materials 

scientists in the 21st century is tackling energy 
and environmental issues by development of 
new materials and optimization of the known 
materials for specific purposes. Effluent discharge 
into surface water is a major issue that has to be 
addressed bearing in mind the financial constraints. 
It has been estimated that about 1-20% of the dyes 
produced around the world are lost in the coloring 
process and are released to the environment [1]. 
Colored pollutants are the most easily detectable 
of these contaminants, but they pose serious 
damage to the environment; one particularly 
critical way is that they absorb and reflect sunlight, 

thus photosynthesizing bacteria cannot grow 
and this in turn impedes the biodegradation of 
other contaminants [2], add to this the chronic 
effects on living organisms among other withering 
phenomena. Advanced oxidation processes have 
been studied to degrade such pollutants into more 
benign products [3], among these techniques are 
the heterogeneous photocatalysts [4]. 

Titania has been long known as a popular 
photocatalyst for industrial as well as academic 
purposes [5]. Long-term chemical stability, suitable 
band positions, strong oxidizing activity and low 
cost are added to non-toxicity which is a critical 
issue for developing environmental remedies that 
do not pose new dangers on their own accord [6, 

Hierarchical titania with anatase/rutile crystalline phases were obtained by a hybrid hard/soft templating approach. 
Three sets of conditions were chosen including absolute ethanol, ethanol: water and absolute ethanol with the addition 
of microcrystalline cellulose as a hard template; in all of the experiments P123 three block co-polymer was utilized 
as the soft template. Crystallite sizes, porosity and surface acidity were found to change drastically by modifying the 
initial synthesis conditions. The obtained samples were characterized using powder XRD, FESEM, SEM, TEM, DRS, 
EDS, N2-physisorption, DLS and zeta potential meter. Methyl violet, methyl orange and malachite green were chosen 
as representative organic pollutants with different chemistries and a series of experiments were performed under a 
high-pressure mercury lamp equipped with UV filter. It was found that the hierarchical titania sample works best to 
remove methyl violet from aqueous media while simpler nanostructures obtained with soft templating work better 
for methyl orange and malachite green. Based on the characterization results, possible enhancement mechanisms 
were proposed to explain the drastic differences between the performance of different samples for removing different 
organic dyes. 
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7]. As a metastable crystalline phase of titania, 
anatase has far superior to those of rutile and 
brookite; this phenomenon has been attributed to 
low charge recombination rate, high adsorption 
capacity toward hydroxyl functional group, high 
surface area do to the inherently small particles 
and longer life-time of photoinduced charge 
carriers [7]. One of the most widely used methods 
for obtaining anatase phase is the sol-gel approach 
which has been used extensively to obtain high 
quality ceramics around the world since the mid-
1800s till now [8]. A brief summary of selected 
reports in this area is presented in table 1. 

Herein, we report a facile environmentally 
friendly process classified as an EIS technique in 
the broader realm of sol-gel synthesis for obtaining 
hierarchical nanostructures of anatase crystalline 
phase. Many types of titania photocatalysts are 
reported to this date but rational pairing between 
various properties of the photocatalyst and the 
chemistry of intended pollutants to be degraded are 
seldom reported. In this study we aim to optimize 
a simple cost-effective method for obtaining 
various types of titania nanostructures and pair 
each of them with a model organic pollutant. 
Furthermore, we have chosen a high-pressure 
mercury lamp as the light source which can also 
be regarded as cost effective due to its widespread 
use as ambient outside lighting equipment. The 
benefits of this method include the elimination of 
harmful chemicals as well as a room temperature 

evaporation step instead of long temperature-
controlled aging conditions or hydrothermal 
processes. We believe these benefits coupled with 
the satisfactory photocatalytic activity and ease of 
separation from the reaction media (the ceramic 
powder that is to be separated in the case of 2 of 
the 3 synthesized samples are in the micrometer 
scale rather than nanoscale) may be a step forward 
in developing more sustainable photocatalysts for 
environmental applications.  

2. Experimental 
2.1. Materials

All chemicals and reagents were used as received 
without further purification. Chromatography 
grade microcrystalline cellulose was obtained from 
LubaChem (India). Pluronic P123 block copolymer 
(PEO-PPO-PEO) as structure directing agent was 
purchased from Sigma-Aldrich (United States). 
Titanium tetraisopropoxide C12H28O4Ti (TTIP) was 
obtained from DaeJung Company (South Korea). 
Absolute ethanol, methyl violet (MV), methyl 
orange (MO) and malachite green (MG) were 
purchased from Merck (Germany). Double distilled 
di-ionized water was used in all experiments.

2.2. Instrumentation and characterization
Powder X-ray diffraction patterns were recorded 

by Philips (Holland) PW1730 instrument using 
Cu-Kα irradiation (λ=1.5418 Å) and Rietveld 
refinement was performed with Materials 

Table 1- Summary of selected reports in the field of sol-gel synthesis for titania nanomaterials 
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Analysis Using Diffraction (MAUD) program 
[16-18]. Scanning electron microscopy (SEM) was 
performed on a TESCAN (Czech Republic) Vega. 
Field-emission scanning electron micrographs 
and EDS spectra and maps were obtained using a 
TESCAN (Czech Republic) Mira 3. Transmission 
electron microscopy was performed using holey 
carbon copper grids with a Philips (Holland) 
CM120 working at 100 kV as acceleration voltage. 
DLS spectra and zeta potentials were measured in 
water with a HORIBA (Japan) SZ-100 instrument. 
Diffuse reflectance spectroscopy (DRS) was 
performed with barium sulfate as blank standard on 
a Shimadzu (Japan) UV-2550 spectrophotometer 
and Kubeka-Monk method was used to determine 
the optical band-gap. 

2.3. Synthesis of Titania samples 
Titania was obtained via evaporation induced 

self-assembly (so called EIS) of pluronic P123 and 
titanium precursor (TTIP) in ethanol medium. In 
a typical run, 3 g of P123 was dissolved in 30 mL 
of absolute EtOH by vigorous magnetic stirring 
for 1 hour, afterwards, 4.5 mL of TTIP was added 
dropwise over the course of 15 minutes in order to 
avoid fast alcoholysis. The resulting clear sol was 
kept under reduced pressure at room temperature 
in order to remove the solvent. Calcination was 
performed at 500 ⁰C (5 ⁰C/min heating ramp) in a 
static air muffle furnace for 6 hr and then annealed 
to room temperature overnight. The obtained 
white powder was finely grounded using agate 
mortar and kept under reduced pressure until 
further characterization and photocatalytic activity 
evaluation, this sample coded as T0 (titania-zero 
conditions). Keeping all other parameters identical, 
the sample with the code TW was synthesized 
using 10:1 mixture of EtOH:water instead of the 
pure EtOH. Furthermore, in order to take use of 
the hard-soft templating approach, sample TC was 
synthesized by adding 200 mg of microcrystalline 
cellulose to the clear sol and vigorously stirring for 
another 1 hour before evaporation step.  

2.4. Dye Removal Experiments 
In a typical run, 5 mg of each sample was added 

to 20 mL of 10 ppm dye solution in a capped 
Pyrex® tube with a small Teflon® lined magnet 
inside. Magnetic stirring at 1000 rpm was applied 
for 30 minutes in darkness and then 60 minutes 
under illumination from a commercial 250 W 
high-pressure Hg lamp (NOOR-Osram, Iran). In 

predetermined time intervals, 2 mL samples were 
taken from each reaction mixture and analyzed with 
visible spectrophotometry in transmission mode 
and then injected back to the mixture immediately. 
Baseline correction is needed especially for the 
sample TW (the mixture tends to become turbid 
due to small particle size). 

3. Results and Discussion 
Powder X-ray diffractometry was used to 

determine the phase content as well as crystallite 
size for the samples under study (Fig. 1). The T0 
pre sample (before calcination) shows two distinct 
peaks at 18.95 and 23.12 diffraction angles which 
may be attributed to the discrete crystalline 
structure of pre-ceramic gel. Upon calcination, the 
structure is transformed to mainly anatase phase 
with tetragonal symmetry (PDF card no. 01-075-
1537); the peaks observed at 2θ=25.07˚, 37.56˚, 
48.83˚, 54.82˚, 55.99˚ and 63.19˚ may be indexed 
as (101), (103), (200), (105), (211) and (213) 
respectively. The small peak which can be observed 
for T0 and TC at 27.40 is related to the (110) plane 
of rutile phase (PDF card no. 01-076-1939). In 
order to quantify the ratio of the aforementioned 
phases in each calcined sample, Rietveld refinement 
was used (table 2). According to most reports in 
the literature (for example see [19]), obtaining 
pure anatase phase via sol-gel approach requires 
pH modulation; slow alcoholysis and evaporation 
at room temperature can also give almost pure 

 

  

Figure 1. Powder XRD patterns for the samples under study; T0 pre is the xerogel of T0 sample 
before calcination, T0 was synthesized with absolute EtOH, TW was synthesized with water as 
additional solvent and TC was obtained using microcrystalline cellulose as hard template. A and 

R represent the anatase and rutile crystalline phases respectively. 

 

 

 

 

Fig. 1- Powder XRD patterns for the samples under study; 
T0 pre is the xerogel of T0 sample before calcination, T0 
was synthesized with absolute EtOH, TW was synthesized 
with water as additional solvent and TC was obtained using 
microcrystalline cellulose as hard template. A and R represent 
the anatase and rutile crystalline phases respectively.
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anatase phase. Addition of water (the case of TW 
sample) leads to even less rutile impurity (water is 
known promote the crystallization of amorphous 
titania into anatase [20]) but using cellulose as hard 
template would increase the formation of rutile; 
this may be attributed to its burnout and possible 
contribution of minor carbonous residues in the 
crystal nucleation and growth stage. Furthermore, as 
it can be seen in table 2, Scherrer’s equation [21] was 
used to calculate the crystallite size of each sample 
based on the main anatase peak after computing 
the line broadening due to instrumentation by 
Warren’s method [22]. Although the crystallite 
sizes of all three samples are in the same scale in 
accordance with TEM results (Fig. 4b), these would 
be the motifs which make markedly larger particles 
and pores depending on the synthesis conditions 
which is also proven by DLS result. Moreover, the 
zeta potentials of the samples under study were 
measured in water without pH modulation and 
they have all shown negative potentials in a scale 
sufficient for effective suspension formation for 
photocatalytic performance but not so much to 
hinder recovery of the particles after completion of 

the degradation. 
In order to gain more insight about the 

morphological evolution of the xerogel into anatase, 
field-emission scanning electron micrographs (Fig. 
2) and EDS spectra (Fig. 3) were taken from both 
T0 pre and T0 samples. It is noteworthy that at 
first glance there is a significant difference between 
the morphology of xerogel and calcined ceramic 
(compare parts b and e in Fig. 2); formation of 
spherical ensembles from irregular shapes only 
with simple heat treatment seems highly unlikely. 
The aforementioned micrographs were obtained 
using secondary electron (SE) signal, but when 
signal was switched to backscattered electron 
detector (BSE), completely different morphological 
features were recorded (compare parts d and e in 
Fig. 2) which resembles that of the final ceramic. 
It can be postulated that the amount of P123 that 
can self-assemble with alcoholized titanium species 
in the synthesis conditions is limited, so that the 
remaining amount forms a thin organic cover on 
the surface of preceramic particles. This layer is 
thin enough so that the atomic number contrast of 
BSE micrographs is completely distinct from the 

Fig. 2- Field-emission scanning electron micrographs for sample T0 (a-c) and T0 pre (d-e); the micrographs “a and d” are obtained 
with BSE signal and present atomic number contrast. More detailed explanation is provided in the text. 

Table 2- Sample codes definition and summary of characterization results for the calcined samples (note that T0 pre is the xerogel 
obtained by solvent evaporation at room temperature)

   

 

Figure 2. Field-emission scanning electron micrographs for sample T0 (a-c) and T0 pre (d-e); the 
micrographs “a and d” are obtained with BSE signal and present atomic number contrast. More 

detailed explanation is provided in the text.  
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actual morphology seen in SE micrographs. 
Elemental analysis on both T0 pre and T0 samples 

were performed by EDS method (parts a and b of 
Fig. 3). It’s evident that the low energy peaks related 
to organics (P123) and oxygen are much stronger 
in the preceramic while the main peaks of titanium 
(Kα and Kβ characteristic radiations) become much 
more intense upon calcination. This is in agreement 
with the previously presented XRD results. Diffuse 
reflectance spectroscopy was also performed on T0 
sample (part c of Fig. 3) and Kubelka-Munk (K-
M) function [23] was plotted (part d of Fig. 3) for 
band-gap measurement. This function is based on 
total measured reflectance of a material (R∞) and is 
defined as Eq. 1:

F(K −M) = (1 − R∞)2
2R∞

 Eq. 1 

 

 (1)

The reported band gaps for anatase and rutile 
are 3.2 and 3.0 eV, respectively [7] and the band 
positions are suitable for heterojunction formation 
when the two phases are in intimate contact (see the 
insert diagram of part d in Fig. 3). It’s noteworthy 
that the measured optical band-gap for the sample 
T0 with only 1.5 wt.% rutile as heterojunction has 

significantly decreased. Anatase has much higher 
adsorption capacity and an order of magnitude 
longer lifetime for the photogenerated electron and 
holes, so it can be postulated that most of charge 
carriers are concentrated on the more desirable 
anatase phase in the obtained photocatalyst and 
the photon absorption capacity is enhanced 
simultaneously compared to the pure anatase 
phase. This phenomenon leads to a considerable 
photocatalytic activity, which will be presented 
later on. 

Thermodynamically, rutile is the stable phase 
of titania at room temperature and anatase is 
considered metastable [7]. Anatase can only be 
obtained in small particle sizes with high surface 
energy; if the particles grow to above 30 nm, anatase 
will transform to the more stable rutile [20]. The 
observed spherical ensembles in scanning electron 
micrographs (Fig. 2) are orders of magnitude 
larger than the aforementioned threshold and this 
would contradict the results of XRD phase and 
crystallite size analysis; thus, transmission electron 
microscopy was used to observe the crystallites 
directly. As it can be seen in Fig. 4a there are much 
smaller particles building up to form the micron-

Fig. 3- EDS elemental analysis for samples T0 pre (a) and T0 (b); these spectra are obtained from the general locus of parts “a and d” 
in figure 2. Diffuse reflectance spectrum (c) as well as Kubelka-Munk curve (d) for the sample T0, insert of this part shows the band 
positions of anatase and rutile, detailed explanation can be found in text. 

 
Figure 3. EDS elemental analysis for samples T0 pre (a) and T0 (b); these spectra are obtained 
from the general locus of parts “a and d” in figure 2. Diffuse reflectance spectrum (c) as well as 

Kubelka-Munk curve (d) for the sample T0, insert of this part shows the band positions of 
anatase and rutile, detailed explanation can be found in text.  
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sized ensembles and nanopores are formed between 
these particles; this would have a profound effect 
in enhancing the contact area between reaction 
species and the solid photocatalyst because the 
observed pores are to a great extent larger than 
the diameter of organic dyes as model pollutants. 
Moreover, image analysis was used to measure 
particle size histogram (Fig. 4b); the mean particle 
diameter is measured to be 10 nm while the peak 
is observed at 7 nm, these values are in the same 
scale as the calculated crystallite size by Scherrer’s 
formula and the discrepancy might be due to the 
deviation of crystallites from perfect spherical 
shape in this scale. Furthermore, DLS particle 
size distribution curves are presented in Fig. 4c. 
Comparing the field-emission scanning electron 
micrographs of sample T0 (e.g., Fig. 2c) to those 
of T0-pre (e.g., Fig. 2c), it’s evident that a uniform 
layer of  P123 is deposited on the ensembles of 
green ceramic right after solvent evaporation 
which is removed after calcination resulting in the 
formation of pores and breaking of the ensembles 
to some extent, nonetheless, the few nanometer 
sized crystallites lead to much larger particles in 
100 nm scale. Addition of microcrystalline cellulose 
proved to have a minor effect on the crystallite size 
by acting as a secondary hard template, although 
the final particle size is essentially the same for this 
sample. Addition of water on the other hand had 
virtually no effect on the crystallite size, but it has 
a profound effect on the final powder size which 
can be attributed to the fast hydrolysis of titanium 
precursor compared to alcoholysis in absence of 
water; in such conditions a uniform layer of soft 
template cannot form and eventually separate the 
ensembles upon calcination. 

Observation of pores in the nanostructure of 
T0 justifies the need for porosity analysis which 

was performed by N2-physisorption at 77 K. The 
obtained adsorption-desorption isotherms are 
presented in part a of Fig. 5 for both TC and TW 
samples as the ones intended to be porous. Sample 
TC shows a type III standard class based on IUPAC, 
while TW sample shows type V bahavior [24]. In the 
case of TC, no unrestricted monolayer formation is 
observed and the absorbates are believed to have 
only weak interactions with the solid, clustering 
in the most favorable surface sites rather than 
covering the whole surface. It’s also noteworthy 
that the amount of adsorbed probe is limited even 
at the saturation pressure, which means that the 
increase in the thickness of multilayers are indeed 
limited. In the case of TW sample with type V 
behavior, the first part of the isotherms is similar 
to that of type III (i.e. week adsorbate-adsorbent 
interactions) but higher pressures lead to clustering 
and pore filling. The hysteresis loop of this sample 
resembles type H1 standard classification [24]; this 
steep and narrow loop shows delayed condensation 
which has been attributed to uniform mesospheres 
or ink-bottle pores. BET model was utilized to 
calculate the surface area  of 14.2 and 29.5 m2g-1 for 
TC and TW, respectively. Furthermore, total pore 
volumes of 0.06 and 0.35 cm3g-1 were calculated 
for TC and TW, respecively. It is also noteworthy 
that the BJH peak radius (part b of Fig. 5) is exactly 
2.4 nm for both samples. It can be postulated that 
the hard template (microcrystalline cellulose) did 
not disturb the spherical ensembles of anatase 
(compare the micrograph of part c in Fig. 5 with 
that of part a in Fig. 2, apart from larger particle 
sizes (critical in photocatalytic activity evaluation 
tests), the pores of this sample are still dominated 
by P123. On the other hand, addition of water leads 
to drastic microstructural changes (part d of Fig. 5) 
and formation of larger pores in the range of meso- 

Fig. 4- Transmission electron micrographs (a and b) along with particle diameter histogram for the sample T0; note that the histogram 
was by image analysis on micrograph “a” and DLS particle size distribution curves for the three samples under study (c).

 

 
Figure 4. Transmission electron micrographs (a and b) along with particle diameter histogram for 

the sample T0; note that the histogram was by image analysis on micrograph “a” and DLS 
particle size distribution curves for the three samples under study (c). 
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and macro-pores, but still the majority of pores are 
measured have exactly 2.4 nm radius; this suggests 
the presence of ink-bottle pores in accordance with 
the type of hysteresis observed for this sample as 
mentioned before. 

The characterization results along with the 
literature suggest that the obtained titania 
samples may be fairly acceptable photocatalysts 
for removal of organic contaminants, especially 
dyes. Therefore, three different dyes were chosen, 

namely, MG and MV as model cationic dyes and 
MO as a model anionic dye (table 3). Adsorption 
and photocatalytic activity depend upon acid-base 
properties of the powder to a great extent [25].  
Molecular size and pKa properties for the chosen 
dyes vary significantly, so it is expected that the 
hierarchical anatase nanostructures won’t all be 
suitable for photodegradation of every single dye. 
This can mainly be attributed to the point of zero 
charge (PZC) which is reported to be 6 for anatase 

 
Figure 5. N2-physisorption isoterms (a) as well as BJH pore radius distribution curves (b) for the 

samples TC and TW.Scanning electron micrographs for the samples TC (c) and TW (d); note 
that both micrographs were obtined by BSE signal.  

 
 
 
 
 
 

Fig. 5-N2-physisorption isoterms (a) as well as BJH pore radius distribution curves (b) for the samples TC and TW.Scanning electron 
micrographs for the samples TC (c) and TW (d); note that both micrographs were obtined by BSE signal. 

Table 3- Chemical structure of the dyes under study for photocatalytic degradation
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and 5.5 for rutile [26]. The PZC of obtained samples 
would probably be closer to that of anatase. 

The results of dye removal experiments are 
summarized in Fig. 6; time dependent visible 
spectra were recorded and after baseline correction, 
the values of λmax were extracted in order to draw 
the diagrams of parts a-c in Fig. 6. It should be 
noted that the first 30 minutes of each experiment 
was performed in darkness, so the dye removal 
mechanism is solely the adsorption of dye molecules 
on the surface of titania particles. It is evident that 
none of the titania samples could remove methyl 
orange by adsorption (not even after 2 days of aging 
at darkness); this is due to the anionic nature of this 
dye. On the other hand, the best adsorption results 
are obtained with MV dye which may be attributed 
to the suitable pKa in comparison to the PZC of 
titania, the best result was obtained for TC which was 
surprising when compared to the N2 porosimetry 
results. While TC has a lower surface area and total 
pore volume, the type of small mesopores (only 5.8 
nm wide) seem to be suitable for providing multi-
layer adsorption capacity, while this is not the same 
for the case of MG. With similar molecular size, the 
difference between MG and MV may be related to 
the difference in pKa; this property in the case of 

MG is not suitable for adsorption on anatase, so that 
only the sample with the highest surface area (TW) 
shows a minor capacity in dye removal through 
adsorption for this particular dye. All samples have 
a similar set of microstructural properties including 
crystallite size and phase composition, but it should 
be noted that the TW sample has a much higher 
final aggregate size (evident by the DLS results) 
which is suitable for catalyst removal and re-use 
when considering it has offered the best results for 
removing two of the three dyes under study.

Total removal efficiency that is presented in 
part a of Fig. 7 is composed of both adsorption 
and photodegradation. A discussion similar to that 
presented for adsorption can be used to explain 
the difference between the samples under study 
for the photodegradation of various dyes. As can 
be seen, TW sample has worked best with both 
MG and MO while TC has worked better with MV, 
removing more than 90% of initial concentration 
in just 30 minutes of contact and 60 minutes of 
illumination. The different ratio of rutile-to-anatase 
phase doesn’t seem to have a profound effect on 
the photocatalytic activity of the samples and they 
all seem to have benefited from heterojunction 
formation. Final degradation efficiencies of the 

Fig. 6- Time-dependent degradation of three different organic dyes (a: MG, b: MO, c:MV) along with total degradation efficiency after 
90 minues (30 mniutes dark, 60 minutes under illuminaton) for the samples under study.

 
Figure 6. Time-dependent degradation of three different organic dyes (a: MG, b: MO, c:MV) 
along with total degradation efficiency after 90 minues (30 mniutes dark, 60 minutes under 

illuminaton) for the samples under study. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 7. a) overall removal efficiency (after 60 minutes of illumination) compared to blank tests 
performed without adding photocatalyst. b) recycling results for the optimized dye-photocatalyst 

pairs 
 

Fig. 7- a) overall removal efficiency (after 60 minutes of illumination) compared to blank tests performed without adding photocatalyst. 
b) recycling results for the optimized dye-photocatalyst pairs.
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optimized dye/photocatalyst pairs are compared 
with the literature in table 4. As can be deduced 
from this table many dye concentrations and light 
sources were used in the past so it is best to compare 
the results of each material at the same conditions, 
but in a qualitative sense it is evident that the 
optimized dye/photocatalyst pairs are comparable 
to the best results from the literature. 

Blank tests under similar conditions were also 
performed to evaluate the effect of illumination 
without using photocatalyst in dye degradation. 
Obtained results suggest that only a minute part 
of total degradation efficiency can be attributed to 
photolysis rather than photocatalytic degradation. 
This amount is highest for methyl violet and lowest 
for methyl orange. 

Recycling experiments were performed 
by choosing the optimized dye/photocatalyst 
pairs. Each reaction run was terminated after 60 
minutes of illumination and the photocatalyst 
was centrifuged, fresh dye solution with the same 
initial concentration was then added without 
washing the photocatalyst in order to imitate 
real application conditions and mitigate the 
photocatalyst loss due to recycling. The results 
of 5 consecutive reaction runs are presented in 
fig. 7b and they suggest that the photocatalysts 
under study can be considered as robust 
photodegradation materials for their intended dye. 

4. Conclusions 
A simple evaporation induced self-assembly 

method was used to obtain porous anatase; 
morphology and surface chemistry can be 
rationally tailored by changing the reaction medium 
composition or using simple hard templates such 
as microcrystalline cellulose. These factors in 
turn determine the photocatalytic activity of the 
obtained sample toward different degradation dye 
types. Discrepancies amongst samples in terms 
of adsorption and photo-degradation of three 
representative organic pollutants were attributed to 
the surface chemistry of each sample compared to 
the pKa of the dyes making possible the engineering 
of the porous titania samples for each intended 
pollutant. Based on Rietveld refinement, the 
synthesized titania samples have between 0.8 to 3.3 
wt.% rutile phase impurity which can effectively 
form a heterojunction with anatase and reduce the 
optical band gap from the theoretical 3.2 eV to less 
than 3.0 eV even in such low contents making this 
environmentally friendly material more efficient in 
pure form. The presented approach can be utilized 
to other types of oxide as well as mixed-oxide 
ceramics for a variety of applications and further 
efforts are currently underway to develop its scope. 

5. Statements and Declarations
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Table 4- summery of representative results from the litreture concerning the photocatalytic degradation of the organic dyes under 
study with TiO2 based materials 
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