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Abstract

Sol�gel synthesis based on the self-assembling template method has been applied to synthesize Li–Y doped and co-doped TiO2 not only to
improve simultaneously the structural and electronic properties of TiO2 nanomaterials but also to achieve Li–Y doping of titania with high
photocatalytic reactivity. The characterization of the samples was performed by GXRD, GSDR, FT-IR, and Raman spectroscopy. According to
the GXRD patterns, all the observed reflections can be indexed using the anatase form of TiO2, Which is confirmed by ground state diffuse
reflectance and micro-Raman spectra. The Li–Y doped titania materials immobilized as nanostructured thin films on glass substrates exhibit high
photocatalytic efficiency for the degradation of toluidine and benzoic acid under visible light irradiation. The development of these visible light-
activated nanocatalysts has the potential of providing environmentally benign routes for water treatment.
& 2013 Elsevier Ltd and Techna Group S.r.l. All rights reserved.
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1. Introduction

Photocatalysis has emerged as a highly promising advanced
oxidation technology that can effectively address the ubiqui-
tous demands for clean water based on the utilization of solar
energy [1]. The ample verification of the effectiveness of TiO2

to generate highly reactive hydroxyl radicals upon UV light
illumination, along with its environmentally benign properties
and relatively low cost, has rendered TiO2 a key material for
the complete destruction of recalcitrant organic pollutants in
water resources [2] Yet, despite the marked progress in the
development of TiO2 photocatalytic materials, their practical
application is challenged by two inherent limitations of TiO2.
In fact, the low quantum yield is primarily determined by the
fast recombination of photogenerated charge carrier [3,4],
and the wide band gap of TiO2 semi conductor (3.2 eV for
anatase) limits titania's response essentially to the ultraviolet
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range, which makes up a small fraction (4–5%) of the solar
spectrum [5].
To overcame this issue and improve its absorption effi-

ciency, TiO2 is often modified, either directly or indirectly [6].
Indirect sensitization can be achieved through the use of dyes
or inorganic quantum dots that absorb more efficiently the
solar radiation, such as in dye-sensitized solar cells. Alterna-
tively, TiO2 can be more directly sensitized through the
modification of its bulk or surface properties, often through
the introduction of dopants, which is acommonly used method
to improve photocatalytic materials.
Generally, two forms of TiO2 in photocatalysis have been

widely used including highly dispersed fine particles or
suspended particles in liquid medium and thin films on
supported materials [7]. When TiO2 suspension is used in a
photocatalysis system, the suspended TiO2 needs to be
separated upon the completion of each reaction cycle. This
problem can be avoided by using TiO2 applied on different
types of substrates [8–10]. However, in some case TiO2

deposited as thin films suffer from the deactivation of the
photocatalytic reactivity and efficient charge recombination.
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Tada and Tanaka [11] have reported that the photocatalytic
activity of TiO2 films is smaller on a soda-lime glass substrate
than onto a quartz plate. This is attributed to Naþ ions diffused
from the soda-lime glass, which act as the recombination
centers or defects of the crystallinity of TiO2.

In a previous research work, Bouattour et al. [12], studied
the photocatalytic activity of prepared nanopowder of yttrium
doped titania using sol–gel and solid state processes, and
2-naphthol as a pollutant model, under sunlight irradiation.
Results showed a great enhancement of the photocatalytic
efficiency with the incorporation of Y in samples prepared by
solid grinding. Yttrium doped TiO2 film fixed on ZSM-5
catalysts was also prepared by Okte et al. [13] using an ion
exchange process. The photocatalytic results showed that
yttrium incorporation enhanced the decolorization of Methyl
Orange under UV irradiation.

On the other hand, Bessekhouad et al. [14] investigated the
doping effect of alkaline (Li, Na, K) cations on the photo-
catalytic activity of TiO2 powder under Xenon lamp irradia-
tion. Indeed depending on the preparation technique, Li-doped
TiO2 was shown to display two contradictory behaviours. If
the catalyst was prepared by sol–gel route, Li dopant reduced
the performance of TiO2, while the use of the impregnation
method improved the photocatalysis of samples compared with
undoped TiO2. The effect of doping TiO2 with Li or Rb was
also studied by López et al. [15].The nanocrystalline sol–gel
prepared catalysts were used for the decomposition of 2,4
dinitroaniline under UV radiation. The obtained results
revealed an inhibition of the activity that was attributed to
the presence of Li in the TiO2 network which acts as an
electron trap or hole trap depending on the oxidation state. So,
it seems that the effect of dopants on the photocatalytic activity
of doped TiO2 depends not only on their chemical nature, but
also on the preparative procedure of the materials and the
pollutant structure to be degraded.

In this work, Li–Y doped or co-doped titania thin films with
controlled composition were prepared using the dip coating
method. The effect of the dopants on the structure and the
phase stability was studied by X-ray diffraction and Raman
spectroscopy. The efficiency of these samples as photocatalysts
for the degradation of benzoic acid and toluidine as organic
compound models, was investigated under visible light
irradiation.

2. Experimental methods

2.1. Powder and film preparation

Preparation process of TiO2 thin film elaboration is one of
the major researches in photocatalysis field in order to identify
an optimum condition for dip coating of TiO2 films on various
substrates. A number of methods have been employed to
fabricate TiO2 films, including sputtering, chemical vapour
deposition, and sol–gel process [16,17].

In this work, polymorph titania thin films doped with 2% Li,
2%Y and 2% Li–Y was synthesized by the sol–gel process
using Ti(OBu)4 as precursor and pure acetic acid functioning
as solvent and hydrolysis catalyst. Samples were prepared
using the following materials: YCl3 � 6H2O, Ti(OBu)4, Li2CO3

(all of them from Aldrich) at the molar ratio: 0; 0.98; 0.01;
0.02; 0.98; 0, and 0.02; 0.96; 0.01 for Li doped titania, Y
doped titania and Li–Y co-doped titania, respectively.
As a first step, the beads of glass were activated in a mixture

of sulphuric acid and hydrogen peroxide in the proportion 60/
40 in volume for 1 h, at room temperature. Then they were
introduced for 2 min into the reaction vessel containing Ti
(OBu)4, Li2CO3 and/or YCl3. Doped TiO2 thin films are after
that calcinated during 2 h at 400 1C.
The remaining solution is stirred continuously for 24 h. The

final product is dried at 100 1C for 24 h and the powder is then
annealed for 2 h, at 400 1C followed by a free cooling.
Reference TiO2 films and particles were always prepared
following the same preparation and calcination processes but
in the absence of dopants.
2.2. X-ray diffraction

The crystalline phases of Li–Y doped and co-doped TiO2

thin films were examined by Grazing angle X-ray diffraction
(GXRD) technique, using an X-ray diffractometer Panalytical
Xpert with Cu Kα radiation. The scanning range (2θ) was from
201 to 601 with a rate of 0.51/min.
X-ray diffraction patterns of the powder samples were

collected at room temperature. A Siemens/D5000 diffract-
ometer and the Cu Kα radiation were employed. Data were
analysed in the range of 101o2θo601 by step scanning,
using 2θ increments of 0.021 to determine the crystallographic
phases and to measure the size of the crystallites.
It is known that broadening of diffraction lines occurs for two

main reasons: instrumental effects and physical origins. The
latter can be roughly divided into diffraction-order independent
(size) and diffraction-order-dependent (strain) broadening in
reciprocal space. In this paper, the average particle size was
estimated by applying the Halder–Wagner approach [18].

βn

dn

� �2

¼ 1
D
� βn

ðdnÞ2 þ
ε

2

� �2

where βn¼β cos θ/λ and dn¼2 β sin θ/λ. Therefore, the intercept
of the plot (βn/dn)2 versus βn/(dn)2 gives the mean value of the
lattice strain ε, and the slope gives the mean apparent size D
[18,19].
2.3. Ground state diffuse reflectance absorption spectra

Ground-state absorption studies were performed using all
powdered samples, by means of an OLIS 14-VIS–NIR
spectroscopy operating system with diffuse reflectance. The
reflectance, R, from each sample was obtained by scanning the
excitation monochromator from 240 to 840 nm, and the
remission function, F(R), was calculated using the Kubelka–
Munk equation for optically thick samples (those where no
further increase of the sample thickness can change the
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Fig. 1. XRD patterns of undoped and 2% Li–Y doped and co-doped TiO2 thin
films annealed at 400 1C.
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Fig. 2. Grazing angle XRD of undoped and 2% Li–Y doped and co-doped
TiO2 powders annealed at 400 1C.
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experimentally determined R). The remission function is F(R)
=(1�R)2/2R [20].

2.4. Micro-Raman set-up

Micro-Raman system was assembled in our laboratory and
uses an excitation wavelength of 532 nm from a CW laser
(Single mode Cobolt Samba laser, 300 mW), coupled by a
200 μm optical fibre to the spectrograph (Headwall, model
532). The Raman probe of our set-up is a Superhead 532 from
H-JY. The CCD detector is from Andor, (model Newton,
1600 pixels), Peltier cooled, and works at �60 1C. 532 nm
Edge, Notch and line filters are from Semrock. The system
resolution is 2 cm�1 with a 50� Olympus long working
distance objective [21].

2.5. Fourier transforms infrared spectroscopy (FTIR)

Infrared spectra were recorded with a Varian 7000 FT-IR
spectrometer with a DTGS coupled detector. Samples are
analysed in transmittance mode. Spectra were recorded at
1.0 cm�1 resolution in the 7500–400 cm�1 range as a ratio of
16 single-beam scans of the sample to the same number of
background scans using dry air in the sample compartment. No
baseline corrections are introduced. To eliminate or minimize
spectral contributions from atmospheric water vapour or
carbon dioxide, the instrument is purged with dry air. The
original samples are diluted in KBr (about 2% w/w) and
ground, with the use of an agate mortar and pestle, to form a
finely divided powder. For films, an ATR accessory is used
(Specac, Golden Gate MKII Diamond).

2.6. Photocatalytic activity

In each of the experiments, 50 cm3 of approximately
5� 10�4 mol L�1 solutions of the organic solute were pre-
pared. Then, titanium dioxide films deposed on beads of glass
were introduced as photocatalysts. Before irradiation, solutions
were maintained in the dark for 1 h. At constant time intervals,
2 ml aliquots were sampled and then analyzed on a Cecil UV–
visible spectrophotometer. The UV absorbance of the solutes
was measured at their corresponding λmax (which are situated
between 240 and 280 nm). Calibration curves were previously
established for each solute studied here. A 54 W Halogen lamp
was used as visible light source. To study the effect of H2O2,
1.510�6 mol was added to the pollutant solution.

3. Results and discussion

3.1. XRD characterization

XRD is used to investigate the phase structure of the
prepared samples. The grazing angle X-ray diffraction
(GXRD) patterns of the Li–Y doped and co-doped TiO2 thin
films are shown in the 2θ range 20–601 (Fig. 1). All relatively
sharp reflections can be indexed using the anatase tetragonal
structure (I41/amd) of TiO2 with an increase of the crystallinity
of films in the presence of Li or Y dopants. No peak due to
rutile or other titania phase can be detected in all samples.
Additionally, diffractogrammes show a big hump recorded
from 2θ¼201 to 301 and two reflections associated to the SiO2

phase, attributed to the glass substrate.
Fig. 2 shows the XRD pattern of the pure TiO2 and Li–Y

doped and co-doped TiO2 powders. In this figure, seven
distinctive TiO2 reflections corresponding to the anatase
(101, 103, 004, 112, 200, 105 and 211) crystal planes are
observed. In previous work, Bouattour et al. [12] have shown
that only the anatase phase is obtained for Li–Y doped and co-
doped TiO2 powder prepared by solid grinding method at
400 1C. Whereas a mixture of anatase and rutile is identified
for Y or Li doped TiO2 synthesized by the sol–gel process
using a mixture of acetic and hydrochloric acids as solvent. So,
one can conclude that the effect of individual dopant ions on
the structure of TiO2 is a complex problem that depends not
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only on the dopant nature but also on the preparative procedure
of the materials.

The average size of pure TiO2, Li doped, Y doped and Li–Y
co-doped TiO2 nanoparticles, calcined at 400 1C, is found to
be 20, 22, 12 and 14 nm, respectively, demonstrating that
doping TiO2 with Y inhibit the growth of TiO2 particle. Ionic
radius and calcination temperature are two important condi-
tions, which strongly influence the ability of the dopant to
enter into the TiO2 crystal lattice to form stable solid solution.
If the ionic radius of the doping ion is much larger, the
substitution process can be suppressed [22,23]. The relatively
huge difference between the Ti4þ (0.64 Å) radius and
Y3þ (0.95 Å) rationalize that such substitution with Y3þ

could not occur, Y3þ did not enter TiO2 crystal lattice to
substitute Ti4þ . Y3þ dopant is adsorbed at the surface of the
TiO2 particles and justifies the decreasing of anatase grain size
[24] Table 1.
Table 2
Energy gaps, λabs (nm) of undoped, Li and/or Y doped TiO2.

Samples λabs (nm) Eg (eV)

Undoped TiO2 397 3.12
2% (Li,Y) 405 3.06
2% Li 412 3.00
2% Y 417 2.97
3.2. Ground state diffuse reflectance spectra

Ground state diffuse reflectance absorption spectra were
used to probe the band structure (or molecular energy levels) in
the materials since UV–vis light excitation creates photogen-
erated electrons and holes, (Fig. 3). The UV–vis absorption
band edge is a strong function of nanoparticle titania cluster
size, which can be attributed to the well-known quantum-size
effect for semiconductors [25].
Table 1
Crystallite size of the Li–Y doped and co-doped samples.

Samples Phase composition Crystallite size (nm)

Undoped TiO2 Anatase 20
2% Li Anatase 22
2% Y Anatase 12
2% (Li,Y) Anatase 14

2% Li
2% Y

Undoped -TiO2

2%(Li-Y)

Fig. 3. Ground-state diffuse reflectance absorption spectra of undoped, Li and/
or Y doped TiO2 samples annealed at 400 1C.
The band gap of pure TiO2 of 3.12 eV observed here is
consistent with previous reports [26]. TiO2 doped with Li, Y or
Li–Y display a slightly higher absorbance than undoped oxide
(Table 2). The effective optical absorption edge shifts to longer
wavelength as measured by extrapolated value when the
absorbance goes to zero [27]. The band gap values presented
at Table 2 are slightly smaller than those observed in a
previous work for similar powdered samples [12]. This is
probably due to the contribution of the solvent in the
hydrolysis–condensation process. In fact they employ chloride
acid in addition to the acetic acid in the sol step, whereas only
of the acetic acid is used in the present work.
3.3. Raman studies

The phase composition was further explored by Raman
spectroscopy, where the anatase Raman modes were consis-
tently identified for all Li–Y doped and co-doped TiO2.
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Table 3
Raman bands of undoped, Li and/or Y doped TiO2.

Symmetry Anatase (cm�1) [27] This work (cm�1)

Eg 148 146
B1g 397 397
A1g 516 517
Eg 638 638
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Fig. 5. FTIR studies of undoped, Li–Y doped or co-doped TiO2 samples
annealed at 400 1C.
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The Raman spectrum of the sol gel TiO2 samples is shown in
Fig. 4. This spectrum exhibits the O–Ti–O peaks in the 140–
700 cm�1 range, characteristic of anatase crystalline phase of
TiO2. A strong vibration band at 146 cm�1 and three larger
bands at 638, 517 and 397 cm�1, corresponding to Eg, B1g,
A1g and Eg modes are a signature of the anatase phase
[28,29]. The four samples under study present very similar
Raman spectra, and no signs of Brookite, Rutile or LiTi2O4

phases were detected, only anatase phase exists in these nano-
sized particles Table 3.
3.4. FT-IR studies

FTIR studies were performed in order to determine the
presence of functional groups as well as to study the surface
changes on the TiO2 particles with the incorporation of
dopants. Fig. 5 presents the FT-IR absorption spectra in the
400–4000 cm�1 region, for the Li–Y doped and co-doped
TiO2 samples, all annealed at 400 1C. All curves are normal-
ized at the maximum transmittance to facilitate comparisons.

The presence of OH groups and water on the surface of the
particles is evidenced by the appearance of a broad band about
3450 cm�1 accompanied by another peak around 1630 cm�1

for all samples. These two bands are from Ti–OH stretching
modes. The titanol bands show that anatase has an important
surface characteristic, i.e. may form a significatif number of
hydrogen bonds which may strongly influence the adsorption
and the photodegradation process. Additionally, Fig. 5 reveals
that there is a decrease in the intensity of the O–H peaks in the
presence of dopants and the most important effect is observed
for the TiO2 doped with Li, showing the decrease OH groups
at the surface of the catalysis.
The main features to indicate in Fig. 5 are the following:

these spectra reveal that in all cases TiO2 is in the form of
anatase nano-crystals [30,31]. There is a large band �400 to
800 cm�1 in the undoped case that corresponds to the Ti–O–Ti
stretching vibration. All doped samples exhibit a sharpening
effect of this band. In the case of the two Li doped samples
new peaks appear at about 1159 and 1254 cm�1, similar to the
ones observed for Li doped TiO2 samples by Picquart et al.
[29]. The co-doped sample exhibits a vibrational peak at
1132 cm�1. The main vibration bands and peaks are shown in
Table 4.

3.5. Photocatalytic degradation

To investigate the photocatalytic efficiency of the Li–Y
doped and co-doped TiO2, two aromatic organic compounds,
bearing amino and carboxylic function were used as organic
pollutants. In fact these two compounds belong to the families
of aromatic amines and carboxylic acids respectively which are
frequently found in organic dyes, fungicides, residual indus-
trial effluent, animal repellents and defoliants. Given the
serious health risks associated with the presence of these
compounds in the environment, predominantly in the aqueous
phase, we think that their use is interesting to study.
Furthermore, if these pollutants models are degraded by the
present photocatalysis, then we should expect that more
complicated molecules bearing these moieties will also be
prone to degradation. Although the photodegradation process
using TiO2 as catalysis, has been very effective in the
decomposition and mineralization of organic pollutant in water
under UV illumination, its efficacy under visible light irradia-
tion has been only recently addressed, posing the need for
development of efficient visible-light-active TiO2 photocataly-
sis for pollutant abatement. In this context, the photocatalytic
reactivity of Li–Y doped and co-doped TiO2 is investigated by
monitoring the time change of residual concentration ratios of
aqueous solution of organic model compounds.
As shown in Fig. 6, in presence of undoped TiO2 80% of the

toluidine remained after 8 h of visible irradiation, attesting the
low photocatalytic activity of the undoped TiO2. On the other
hand, a higher conversion level is observed when the photo-
degradation experiments are carried on using thin films,
supported on beads of glasses, of Li–Y co-doped TiO2. The
conversion profile depends also on the structure of the
polluant. Indeed, after 8 h exposure, the residual concentration
ratio attains about 23, 35 and 19% for benzoic acid while for
toluidine it reaches 47, 46 and 37% in the presence of Li, Y
and Li–Y, respectively. According to the XRD results, TiO2

exhibits the anatase structure in all the samples. This rule out
the possibility that the difference in photocatalytic reactivity of
the doped and co-doped thin films, is caused by the crystalline
phase of TiO2.
On the other hand a careful analysis of Fig. 6, reveals that

the better photocatalytic performance is observed for benzoic



Table 4
Infrared absorption bands of undoped TiO2, Li–Y doped and co-doped samples in the 370–4000 cm�1 region.

Assignment TiO2 (cm
�1) Li TiO2 (cm�1) Y TiO2 (cm�1) Li–Y TiO2 (cm�1)

δ Ti–O–Ti 482 527 486 501
δ Ti–OH 3397 3458 3426 3429
δ Ti–OH 1626 1628 1624 1631
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Fig. 6. Evolution of the residual concentration of the toluidine and benzoic
acid vs. time after 8 h in presence of undoped and 2% Li–Y doped or co-doped
TiO2 under visible light excitation

Table 5
Apparent first-order rate constant Kapp and correlation coefficient R2 for
photodegradation of toluidine and benzoic acid by undoped and doped TiO2

under visible light excitation.

catalysis Organic solute Kapp� 103(h�1) R2

TiO2 Toluidine 8 0.98
Li–Y TiO2 134 0.97
Li TiO2 96 0.96
Y TiO2 96 0.95
TiO2 Benzoic acid 39 0.96
Li–Y TiO2 202 0.97
Li TiO2 195 0.95
Y TiO2 134 0.96
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acid in presence of TiO2 co-doped with Li–Y since 81% of the
initial concentration is degraded after 8 h. This high efficiency
is probably the consequence of a high adsorption capacity of
this compound toward TiO2 surface which is the prerequisite
step of the degradation process [32].

The improve in the photocatalytic efficiency observed with
the introduction of dopants in this work, may be attributed to
the combination of different processes: (a) the doping ions Liþ

or Y3þ can act as electron traps, facilitating the electron–hole
separation and subsequent transfer of trapped electron to the
adsorbed O2 which acts as an electron acceptor on the surface
of the TiO2; (b) the dopants contribute to prevent the
recombination of electron–hole pairs, increasing the lifetime
of charge carriers, so that they can take part in photocatalytic
processes; (c) decrease of the energy gap favouring higher
photoexcitation efficiency under visible radiation, and giving
rise to a larger population of excited species (hole–electron
pairs) which is evidenced by the values listed in Table 2. On
the basis of these three hypotheses, when a semiconductor
oxide (TiO2) is irradiated with light having energy higher than
the band gap, a pair of a conduction band (e) and a valence
band hole (hþ ) is generated. The photogenerated holes at the
valence band combine with adsorbed water giving mount to
reactive hydroxyl radicals OHd. The electrons, in conduction
band, join with O2 and form O2

�d. radicals. These radicals are
both strong oxidants which oxidize the organic molecules
adsorbed on the surface of TiO2 ensuing on the formation of
intermediate organic species which are next completely
oxidized to water and carbon dioxide.
3.6. Kinetic analysis

Langmuir–Hinshelwood (L–H) and first-order expressions
are the most widely used expressions to explain the kinetics of
heterogeneous catalytic system. It basically relates the degra-
dation rate and reactant concentration C, in water at time t.
When the adsorption is relatively weak and/or the reactant
concentration is low, the system can simplified to a pseudo-
first-order kinetics with an apparent first-order rate constant

LnðC=C0Þ ¼ �Kappt ð1Þ
where C0 is the initial concentration.
For all catalysis, plotting ln(C/C0) versus reaction time t

yields a straight line, and the slope is the apparent rate
constant. From the data reported in Table 5, the trend in the
value of Kapp is in line with the enhancement in the photo-
catalytic activity. The higher Kapp value is observed for Li–Y
co-doped TiO2 followed by Li–TiO2 and Y–TiO2. These
values corroborate with the results of Fig. 6. The higher value
of Kapp induces the better photocatalytic performance. Table 5
shows the apparent rate constants Kapp and regression coeffi-
cients R2 for the photodegradation of toluidine and benzoic
acid.
3.7. Repeated use of the photocatalyst

The ability of a photocatalyst to be reused is one of the most
important parameters which determine, from an economical
point of view, the potential exploitation of a material in
practical systems for water treatment. To examine the repeat-
ability of the photocatalytic activity, the Li–Y doped and co-
doped samples are used in three consecutive photodegradation
cycles during 8 h of visible light irradiation. After each
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decomposition cycle, the TiO2 films supported in beads of
glass were watched and used again in the same conditions.

As shown in Fig. 7 the photocatalytic efficiency decreases
after three degradation cycles of the tested compounds:
toluidine and benzoic acid. However, the level of decrease is
not the same for the two polluants. The residual concentration
attained 37, 51 and 52% and 19, 20 and 29% after three
degradation cycles for toluidine and benzoic acid respectively.
This result may be explained by the formation of by-products
and their accumulation on the active surface sites of the
photocatalyst thus making the active site on the surface less
available. However, the intermediate organic species obtained
during the degradation process of toluidine seems to be much
more difficult to eliminate than those obtained during the
degradation of benzoic acid.
3.8. Effect of H2O2 on the photodegradation process

Many studies have demonstrated that, under UV irradiation,
H2O2 enhanced the TiO2-based photocatalytic degradation of
organic compounds by acting either as a source of hydroxyl
radicals [33]. However, under visible light, the mechanism
behind the degradation of organic compounds in the system of
TiO2/H2O2 is still not well-defined.

In this section, the degradation of toluidine and benzoic acid
were investigated under various conditions including the
processes with or without H2O2, and under visible light
irradiation or in the dark. As shown in Fig. 8, in the dark
the concentration of the two tested organic compounds do not
changes even with H2O2 or not. However, using H2O2 in
addition to TiO2 co-doped with 2% Li–Y leads to the
increasing of the residual concentration of benzoic acid which
attained 33% after 8 h of irradiation. Whereas, the residual
concentration of toluidine, decreases to 2% after 8 h of visible
light excitation. Senthilkumaar et al. [34] reported that the
photocatalytic efficiency of TiO2 during the degradation
process of Methylene Blue increases as the concentration of
H2O2 increases and a further increase of H2O2 after optimum
value leads to a decrease in the photodegradation rate. In fact,
the addition of H2O2 increases the concentration of OHd
radical since it inhibit the e, hþ recombination according to
Eq. (2),

H2O2þe-OH�þOHd (2)

H2O2 is considered to have two functions in the photocatalytic
degradation. It accepts a photogenerated conduction band
electron thus promotes the charge separation (Eq. (2)) and it
also forms OHd (Eq. (3)).

H2O2þO2
�d-OH�þOHdþO2 (3)

Consequently, the degradation rate is expected to increase
[35,36]. However, Wang and Hong [37] reported that further
increase of H2O2 after a quantum level, decrease the rate of
degradation. This negative effect of high concentration of
H2O2 may be due to the formation of OH2

d. When the H2O2

concentration is high, OH2
d formed is significantly less reactive

than OHd. Thus on the catalyst surface H2O2 acts as a
powerful OHd scavenger (Eqs. (4) and (5)) along with a
photogenerated holes (Eq. (6)), inhibits the generation of OHd

radical and thereby decreases the degradation rate.

H2O2þOHd-H2OþHO2
d (4)

HO2
dþOHd-H2OþO2 (5)

H2O2þhþ-HO2
dþHþ (6)

We can conclude that for the degradation of toluidine the
use of Eqs. (2) and (3) is more advantageous. A beneficial
effect of H2O2 on the photocatalytic degradation is observed
[38,39]. Whereas in the case of benzoic acid Eqs. (4)–(6) are
promoted. The negative effect is evidenced by the decreasing
of the degraded concentration of this acid. Similar results have
been reported by Chemsedine and Bohem [40] for the
degradation of chloro acid on TiO2.

4. Conclusion

Li–Y doped and co-doped TiO2 powders and thin films were
synthesized by the sol–gel methods. (GXRD) patterns revealed
that the cristallinity of films decreases for the Li–Y co-doped
sample. Ground state diffuse reflectance absorption studies of
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anatase samples doped with (Li,Y) reveal a shift to the visible,
and the largest deviation is obtained with 2% Y. The
photocatalytic activity of the prepared catalysts, under visible
light irradiation, was evaluated using toluidine and benzoic
acid as a pollutants model. Results showed a great enhance-
ment in the photocatalytic efficiency with incorporation of Li–
Y simultaneously. A beneficial effect of H2O2 on the photo-
catalytic degradation is observed for the toluidine degradation.
Whereas in the case of benzoic acid a negative effect is
evidenced by the decreasing of the degraded concentration of
this acid
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