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This work presents result on yttrium-doped titanium dioxide (YTO) thin films using a cost-effective spray
pyrolysis technique for the photoelectrocatalytic degradation of phthalic acid (PA) and benzoic acid (BA).
The physicochemical properties of YTO thin films were studied using X-ray diffraction, Raman spec-
troscopy, X-ray photoelectron spectroscopy, field-emission scanning electron microscopy, UVevis
spectroscopy, etc. The obtained results confirm the presence of yttrium in the host lattice. The band
bending and flat band positions were studied using MotteSchottky analysis. The film with 1% doping
amount shows the highest degradation efficiency for both the model pollutants compared to TiO2. The
stability of 1% YTO film confirms excellent performance analyzed by recycling tests using a UVevis
spectrophotometer. These results highlight the significance of rare earth metal doping in TiO2 for
improved photoelectrocatalytic degradation efficiency.

© 2022 Chinese Society of Rare Earths. Published by Elsevier B.V. All rights reserved.
1. Introduction

Photoelectrocatalysis has been fascinating due to its cost-
effectiveness and high efficiency in waste water treatment. In
heterogeneous photocatalysis, advanced oxidation processes
involving ozonation,1 electrochemical oxidation,2 sonolysis, and
photocatalysis (PC) have been explored to mitigate a variety of
organic pollutants present in the environment. Deterioration of
organic species using semiconductor photocatalysts has become
the most attractive and sustainable strategy to solve environmental
pollution. Fujishima and Honda had made rigorous investigations
of titanium dioxide (TiO2) due to its ability to split water.3,4 Among
the various metal oxide semiconductors, TiO2 is considered as the
most active inwastewater treatment by photocatalytic degradation
of pollutants due to the proper position of conduction band edge
(ECB) for the facile transfer of electron (eCB� ) to O2.5 It is a versatile,
economical, chemically stable, non-toxic, reliable, and multifunc-
tional material.6e8 The photocatalytic degradation of dyes in the
presence of TiO2 is well known.9 Anatase TiO2 is the most
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photoactive phase due to its enhanced charge carrier mobility and
surface hydroxyl groups. The high crystallinity of anatase possesses
less surface defects.10 Apart from its multifunctionality, there are a
few limitations in its efficient use: low photonic yield; active only in
UV region as band gap is 3.2 eV; in the liquid phase treatment,
separation of photocatalysts in the mobile phase is quite compli-
cated.11,12 Based on literature, there are various preparation
methods on titanium based materials which open new perspec-
tives in the field of metal oxide catalysis.13 Therefore, photo-
catalysts with higher photocatalytic activities must be
economically competitive whose physicochemical properties are
excelled by developing TiO2 with various cost-effective synthesis
strategies (impurity doping, sensitization, surface modification,
etc.).

Doping with rare earth displays enhancement in the catalytic
performance and provides strong adsorption capacity.14 The addi-
tion of a small amount of rare earth significantly alters the material
properties which is the beauty of rare-earth metal ions. Doping
TiO2 with rare earth metal ions could escalate the number of the
active sites on the crystal surface as well as generate more oxygen
defects. It also mitigates the charge carrier recombination and
prolongs the optical response by providing intermediate states in
the band gap which contributes to improving photoelectrocatalytic
activity.15,16 Therefore, the research trend in the current area is on
reserved.

et al., Spray deposited yttrium incorporated TiO2 photoelectrode for
of Rare Earths, https://doi.org/10.1016/j.jre.2022.11.013

mailto:rajpureky@gmail.com
www.sciencedirect.com/science/journal/10020721
http://www.journals.elsevier.com/journal-of-rare-earths
https://doi.org/10.1016/j.jre.2022.11.013
https://doi.org/10.1016/j.jre.2022.11.013


N.A. Narewadikar, R.S. Pedanekar, V.G. Parale et al. Journal of Rare Earths xxx (xxxx) xxx
the progression of TiO2 by tampering with bandgap energy by the
addition of defects in the host lattice.17,18 Rare earth materials like
La3þ, Ce3þ, Eu3þ,19 Gd3þ, Sm3þ,20 Nd3þ, etc., have been doped into
TiO2 for photocatalytic applications. It is challenging to step up the
condition to incorporate rare-earth ions into the TiO2 crystal
structure due to a difference in ionic radii between the Ti4þ and
RE3þ and the charge imbalance.21

The yttrium incorporation inhibits growth and transformation
C16H28O6TiþYðNO3Þ2 $6H2Oþ2O2/
DYTiO2 þðC5H8O2Þ3 þCO2 [ þ2NO2 [ þ 8H2O[ (1)
of anatase TiO2 to rutile phase. Y3þ is either located in interstitial
positions of the lattice or substituted in Ti4þ site or dispersed on the
surface of TiO2 which generates defects in TiO2. There are two kinds
of defects namely, bulk defect and surface defect which have a
significant impact on the separation efficiency of electronehole
pairs.22 Y incorporation decreases band gap energy, hinders crys-
tallite growth and creates the oxygen vacancies. Therefore, due to
those reasons Y3þ doping enhances the photocatalytic efficiency.
Recently, Zhang et al.23 synthesized yttrium-doped TiO2 (YTO) by
plasma electrolytic oxidation method to improve implant anti-
bacterial properties. Jiang et al.24 reported YTO hollow micro-
spheres (YTO-HS), which showed enhanced visible-light
photocatalytic activity compared to TiO2-HS for deterioration of
methyl orange (MO) by restraining the growth of TiO2. Niu et al.25

reported YTO nanoparticles by solegel method for evaluation of
photocatalytic activity and achieved 99.8% degradation of MO un-
der UV irradiation for 70 min. Zhang et al.26 studied antibacterial
properties against Staphylococcus aureus (S. aureus) and Escherichia
coli (E. coli) using YTO coating via plasma electrolytic oxidation
which was able to boost cell expansion and adhesion. Several
methods have been adopted to synthesize YTO films on fluorine-
doped tin oxide (FTO). High-quality YTO films were prepared by
spray pyrolysis technique which offered a great deal in treating
hazardous and toxic chemical wastes into harmless products at
ambient temperature with less intermediates.27

The aim of this work is to prepare the YTO photoelectrode by a
simple approach for the degradation of organic pollutants upon UV
irradiation. For this purpose, YTO photoelectrodes were synthe-
sized via a simple and cost-effective spray pyrolysis technique on
FTO substrate. Phthalic acid (PA) and benzoic acid (BA) were chosen
for systematic investigation of the photoelectrocatalytic perfor-
mance of the YTO photoelectrodes to facilitate comparison of per-
formance of doped TiO2. The photodegradation of PA and BA under
UV irradiation was checked to evaluate photoelectrocatalytic per-
formance of YTO film. Furthermore, the effects of Y doping con-
centration on the PEC, structural, morphological properties, and
chemical state of spray deposited YTO thin films were also
reported.
2. Experimental

2.1. Preparation of pristine TiO2 and Y3þ-doped thin films

The pristine TiO2 and YTO thin films were prepared by chemical
spray pyrolysis method using titanium diisopropoxide bisacetyla-
cetonate (Sigma Aldrich) as Ti source and yttrium nitrate hexahy-
drate (Y(NO)3.6H2O) as Y precursor. Different concentrations of
yttrium (0.5 at%, 0.75 at%, 1 at%, and 2 at%) were added into the
ethanolic solution of Ti(OPr)2 (acetylacetonate)2 in separate sets of
2

experiment. The solution was kept for stirring for 10 min and was
further used for spraying over the preheated glass substrate/FTO.
The synthesized films were labeled as 0.5%YTO, 0.75%YTO, 1%YTO,
and 2%YTO, of which the number corresponds to doping concen-
tration. Large-area (10 cm � 10 cm) doped TiO2 thin film deposited
at 450 �C was chosen for testing the degradation of model organic
pollutants PA and BA. The pyrolytic reaction that materialized the
sample on the surface of FTO at 450 �C is as follows:
Upon spraying the aforementioned solution over the preheated
glass/FTO substrates, decomposition of salt into respective oxides
with the evaporation of acetylacetone, nitrogen dioxide, and water
vapor took place, which resulted in uniform YTO thin films.
2.2. Characterizations of photocatalyst

The photoelectrochemical measurements of the electrodes were
studied using the linear sweep voltammetry (LSV) technique
(WanAtech automatic battery cycler, Model No. WBCS3000, South
korea). YTO film acted as a working electrode while platinum acted
as a counter electrode dipped in electrolyte with electrolyte area
(1 cm2) exposure to UV light (20 mW/cm2), separated by 0.5 cm
apart. An aqueous solution of 0.1 mol/L NaOH was used as an
electrolyte to improve the reaction rate. The structural data were
recorded by a Bruker X-ray diffractometer (Model D8 advances,
Germany) with Cu Ka radiation of wavelength of 0.15418 nm. The
surface morphologies of TiO2 and YTO films were observed by a
field emission scanning electron microscope (FESEM-JEOL JSM
7001F, Japan) operated at 15 kV with a thin layer of gold sputter-
coating before analysis. Energy dispersive X-ray analysis (EDX)
was used to determine chemical composition. The chemical states
of TiO2 and YTO films were examined using an X-ray photoelectron
spectrometer (Model: Ka, Thermo Scientific Inc., U.K) at room
temperature. The detailed chemical structure of the samples was
studied using micro-Raman spectroscopy (Renishaw INVIA0120-
02, UK). An excitation wavelength of 532 nm at a power level of
1% with a resolution of 0.5 cm�1 was used to record Raman spectra.
The optical properties of the thin films as well as model pollutants
were recorded using a UVevis 1800 spectrophotometer (Shimadzu,
Japan).
3. Results and discussion

3.1. Photoelectrocatalytic performance of the catalyst

Fig. 1(a) displays the photocurrent densityevoltage curves ob-
tained with a linear sweep voltammetry technique. The PEC per-
formance of the pristine TiO2 and YTO films was measured with a
two-electrode system under UV illumination. The photocurrent
density of YTO films increased with dopant concentration (0.5%e
2%) but later decreased for higher concentrations.

The 1%YTO film showed the best photocurrent density (1.28mA/
cm2) toward the reaction recorded in the range of an applied po-
tential window (�1 to 1 V) compared to pristine TiO2 film. 2%YTO
film exhibited lower photocurrent density due to more number of
defects which act as recombination centers for depletion of
photocurrent.



Fig. 1. (a) Plots of photocurrent density against the potential of pristine and doped TiO2 thin films; (b) Variation of photocurrent density with dopant concentration (0.5%e2%).

Fig. 2. (a) XRD patterns of pristine TiO2 and YTO films; (b) Raman spectra of pristine TiO2 and YTO films; Absorbance (c) and transmittance (d) spectra of both pristine TiO2 and YTO
films.
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This means that charge carrier separation and transport were
more effective in the 1%YTO electrode than other films. The per-
formance of photocurrent density with variant dopant concentra-
tion is displayed in Fig. 1(b). Therefore, 1% is the optimal doping
concentration of YTO film used for large-area thin film deposition
for degradation experiment.

3.2. Structural and optical studies

X-ray diffraction (XRD) analysis revealed the crystallographic
structures of the pristine TiO2 and YTO films (Fig. 2(a)). The XRD
profiles of TiO2 and YTO films confirm a tetragonal anatase phase
with the most prominent orientation along the (101) plane (JCPDS
No. 01-074-1166). The intensity of the (101) plane of YTO films is
decreased as compared to pristine TiO2 film due to the generation
of defect states. The intensity of the diffraction peaks decreased
3

with an increase in doping concentration. In this case, no peak is
observed for yttriumwhich indicated the proper doping amount of
yttrium in TiO2 lattice.28 Y incorporation in host TiO2 showed a
gradiation trend in crystallite size (21e42 nm). The smaller crys-
tallite size for 1%YTO film reveals that Y3þ ions pile up at the grain
junction, which inhibits the crystallite growth due to a mismatch of
ionic radius.29

Fig. 2(b) shows Raman spectra of pristine TiO2 and 1%YTO thin
films. Anatase TiO2 has six Raman-active modes
(A1g þ 2B1g þ 3Eg).30 These six characteristics of active modes are
attributed to vibrational modes with distinct peaks at 143.43, 195.5,
396.89, 516.21, and 639.66 cm�1, corresponding to the anatase
phase. Y incorporation in host TiO2 induced a small shift and
reduced peak intensity with higher content of Y3þ, which is
ascribed to the extension of the crystal lattice by generating defects
and oxygen vacancies.31 The observational data from Raman and



Table 1
Band gap values of pristine and doped TiO2.

Samples Thickness (mm) Band gap energy (eV)

TiO2 1.912 3.23
0.5%YTO 1.874 3.3
0.75%YTO 2.014 3.24
1%YTO 2.109 3.15
2%YTO 2.148 3.2
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XRD analysis confirmed the incorporation of Y3þ ions in the host
TiO2 lattice.

The optical performance of pristine TiO2 and YTO films is dis-
played in Fig. 2(c and d). The absorption edge shifts to a slightly
higher wavelength side with increasing doping concentration.
Fig. 2(d) shows the oscillating nature of transmittance which is due
to the interference effect. This wavy nature gets flattened with
increasing doping concentration due to increased scattering effect.
Inset shows the band gap values of the YTO film which were
calculated by using Tauc's formula32 and are listed in Table 1. It is
observed that absorption is thickness-dependent. The increase in
relative transmittance in the 0.5% doping may be attributed to the
possibility of replacement of Ti or O by Y in lattice thereby reducing
defect states. Decrease in relative transmittance with respect to Y
doping concentration might be due to increase in film thickness
thereby increasing defect states and scattering.
3.3. XPS

The chemical bonding states and binding energy of pristine TiO2
and YTO films were examined by XPS spectra. The XPS verifies the
successful loading of Y into the host TiO2 lattice. Fig. 3(a) shows the
Fig. 3. (a) Survey scan XPS spectrum of YTO film; Narrow
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XPS survey scan spectrum of the YTO film at 1% dopant concen-
tration along with photoemissions and Auger peaks ascribed to Y
3d, Ti 2p, C 1s, and O 1s elements, respectively. The peak observed
at binding energy 284.4eV was attributed to hydrocarbon depos-
ited over the film as all the signals while testing samples were
calibrated with respect to carbon signal.33,34 Fig. 3(b) shows Ti 2p
level narrow scan XPS spectrum which was observed as doublets
located at 458.5 and 464.3 eV were ascribed to the Ti 2p3/2 and Ti
2p1/2 states due to spineorbit splitting characteristic which con-
firms the presence of Ti.18 It is observed that there is a slight shift of
the peak to lower binding energy and an increase in peak intensity
of YTO film than that of pristine TiO2, which is a signature of
presence of Y and charge imbalance. The peak-to-peak separation
of Ti 2p peaks is 5.72 eV, showing the TieO bonding in TiO2 for YTO
film, where peaks are ascribed to the presence of Ti4þ state.35

Fig. 3(c) depicts the Y 3d level narrow scan XPS spectrum of 1%
YTO film where two peaks observed at 157.8 and 159.7 eV corre-
spond to Y 3d5/2 and Y 3d3/2 states, which verifies the presence of
Y3þ in the TiO2, while the third peak appearing at 156 eV corre-
sponds to Y 3d5/2 state which is the characteristic peak of Y2O3.27,36

The mismatch arises from difference in YeO bond lengths between
Y2O3 and YTO crystal lattices.37 Fig. 3(d) shows the narrow scan O
1s XPS spectrum. The O 1s peak is observed at 529.8 eV, assigned to
the lattice oxygen in O2� form, bound directly to 2 Ti atoms, i.e., the,
peaks shift at lower B.E (531.14 and 529.56 eV) were assigned to the
bonding energies of the YeO and TieO bonds which manifest the
presence of oxygen vacancies in the 1%YTO film.24,38 The other peak
is observed at 531.2 eV which is due to surface hydroxyl group. The
photoinduced holes can attack the surface hydroxyl groups and
produce OH radicals with high oxidation capability.39 It is reported
that doping Y3þ in Ti4þ decreases one electron, which would be
compensated by forming oxygen vacancies. Therefore, Ti3þ state
scan XPS spectra of Ti 2p (b), Y 3d (c), and O 1s (d).



Fig. 4. FESEM images of Y-doped TiO2 at different dopant concentrations: (a) TiO2; (b) 0.5%YTO; (c) 0.75%YTO; (d) 1%YTO; (e) 2%YTO; (f) EDAX spectrum of 1%YTO film for elemental
composition analysis.
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existed in the Y doped TiO2 in which oxygen vacancy defects were
generated.40
3.4. Morphological, elemental analysis, and surface wettability
study

Fig. 4(aee) show morphological study of pristine TiO2 and YTO
films. It is examined that the surface of 1%YTO film is closely packed
with rough surface and pebble shaped morphology where
adsorption is comparatively higher than that in other films.
Therefore, 1%YTO film is further used for photoelectrocatalytic
study for better degradation performance. The insets in Fig. 4 show
the contact angle of each sample with different concentrations. It
varies with respect to dopant concentrations (42�e58�). The
elemental composition profile of 1%YTO film is shown in Fig. 4(f).
Fig. 5. (a) MotteSchottky plots for pristine TiO2 and 1%YTO film; (b) Fl
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The atomic ratio of Y/Ti is 0.0102, which represents a minimal
amount of Y present in the film.
3.5. MotteSchottky (MS) analysis

MS analysis was carried out using three electrode systems with
0.1 mol/L NaOH as electrolyte applied during experiment. The flat
band potential (Ufb) of pristine TiO2 and 1%YTO film was obtained
by extrapolation of the MotteSchottky plots (Csc�2 vs. U) (Fig. 5(a))
using the equation.41 It provides the information of charge trans-
port across the junction of photoelectrode and electrolyte. The
slope of this curve gives carrier density which is higher for 1%YTO
film (5.66 � 1011 cm4/F�2) than that for pristine TiO2
(4.42 � 1011 cm4/F2). The value of Ufb of 1%YTO was estimated to
be �0.8 V/SCE which is more negative than that of pristine TiO2.
The negative value of flat band potential indicates that it is n-type
at band and band bending positions of 1%YTO/0.1 mol/L NaOH/Pt.



N.A. Narewadikar, R.S. Pedanekar, V.G. Parale et al. Journal of Rare Earths xxx (xxxx) xxx
material which reduced exciton recombination to facilitate better
charge separation in PEC reaction.42

1
C2
SC

¼ 2
ND ε0εTiO2

e

�
E� Efb �

kBT
e

�
(2)

where C is the space charge capacitance, E the external applied
potential, Efb the flat band potential, ND the donar density, e0 and
eTiO2 are the permittivity of the free space and semiconductor, T is
the operating temperature, and kB is the Boltzmann constant.

Fig. 5(b) shows flat band position and band bending of 1%YTO/
0.1 mol/L NaOH/Pt system. The conduction band edge (Ec) lies
above the flat band potential by 0.04 eV at �0.83 eV/SCE. The
amount of band bending potential (Ubb) in case of 1%YTO film is
0.704 eV which is the difference between flat band potential of
semiconductor and redox potential of an electrolyte. The barrier
height (Ub) was also calculated and is shown in Fig. 5(b).
3.6. EIS and photocurrent response measurement

The interfacial charge transfer kinetics of pristine TiO2 and 1%
YTOwere carried out by transient photocurrent response over time
measured at þ1 V potential with chopped illumination at a rate of
20 s exposure followed by 20 s no illumination for UV light as
shown in Fig. 6(a). The sharp spikes in the photocurrent during ON/
OFF illumination for both the cases indicate fast transport of pho-
togenerated electrons at electrodeeelectrolyte interface. The
photocurrent density of 1%YTO filmwas higher than that of pristine
TiO2 which can be confirmed by a charge transfer resistance
measured by the electrochemical impedance spectroscopy (EIS).
The lesser the value of charge transfer resistance is, the higher the
photocurrent response is. The charge transfer and recombination
dynamics at photoelectrode interface were studied by EIS tech-
nique.43 Photoresponse curve indicates that yttrium incorporation
in TiO2 can promote the separation and transfer of the charge car-
riers effectively and suppress the recombination of photogenerated
carrier efficiency at the interface of 1%YTO.44 Generally, the charge
transfer resistance is shown by the radius of curvature in EIS
spectra. The smaller semicircle diameter in EIS implies the higher
charge transfer efficiency and better electron conductivity. Fig. 6(b)
shows Nyquist plots of pristine TiO2 and 1%YTO film measured in
dark and light, respectively. The characteristic peak represented by
a smaller semicircle indicates the high-frequency region in the
Nyquist plots. The smaller semicircle of 1%YTO indicates the
enhancement of the charge separation efficiency of 1%YTO film
than that of pristine TiO2 which indicates greater photodegradation
activity. The result is consistent with the transient photocurrent
response.
Fig. 6. (a) Transient photocurrent response for the pristine TiO2 and 1%YTO film under d
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3.7. Photoelectrocatalytic activity and photoelectrochemical (PEC)
measurements

The mechanism of the photoelectrocatalytic process upon inci-
dence of light on semiconductors was studied elsewhere,45 where
charge carriers are generated upon incidence of a photon over a
semiconductor. The PEC reaction mainly occurred on the surface of
photoelectrode. The adsorption reaction of the YTO electrode sur-
face will be an essential task in the deterioration of organic species
(PA and BA). The active species (hþ, $O2

e and $OH) generated in the
PEC reaction play a crucial role in the degradation process, as
expressed by the equations.46

hþ þH2O/Hþ þ � OH (3)

e� þO2 / O��
2 (4)

e� þO2 þ2Hþ / H2O2 (5)

H2O2 þO��
2 / � OHþ OH� þ O2 (6)

During this process, electrons and holes migrate to the respec-
tive surfaces to react with adsorbed species after applying external
bias potential, increasing photoelectrocatalytic performance. Dur-
ing photoelectrocatalytic degradation process, a large-area 1%YTO
filmwas mounted on a reactor set up as a photoanode along with a
gasket to maintain the pollutant flow in a proper channel. The
pollutants (PA and BA) are allowed to pass separately through
reactor (at pH ¼ 5) in the dark for 30 min for sufficient adsorption
using a peristaltic pump. After adsorption continued, the external
bias of 1.5 V was applied across the electrodes to hinder the charge
carrier recombination and increase the degradation rate and the
backside of the photoelectrode was illuminated using UV irradia-
tion to promote redox reaction. After a certain interval of time t,
aliquots (PA and BA) under photoelectrocatalytic treatment were
taken from the reactor to quantify pollutant concentration. The Y3þ

ions trap the free electrons, which then react with the absorbed O2
to form reactive $O2

e as well as $OH, capable of decomposing
organic dyes into harmless materials such as CO2 and H2O. Fig. 7(a)
displays extinction spectra of PA collected at various time intervals
during photoelectrocatalysis. The extinction peak intensity for both
pollutants decreases with increasing reaction time due to degra-
dation over a period of time as shown in Fig. 7(a, c). The degrada-
tion kinetics of the catalysts was also studied. The electrostatic
force between the organic species and the catalyst is responsible for
the adsorption followed by photodegradation. The oxidative
degradation efficiency and decomposition rate constants were
ark and UV light irradiation; (b) Nyquist plots of the pristine TiO2 and 1%YTO film.



Fig. 7. (a) Extinction spectra of PA with the function of wavelength where inset shows degradation performance varies with respect to time; (b) Logarithmic plot of c/c0, which is a
function of time; (c) Extinction spectra of BA, which is a function of wavelength where inset shows degradation efficiency with respect to time; (d) Logarithmic plot of c/c0, which is
a function of time.

Fig. 8. Cyclic photostability of 1%YTO film over PA and BA.
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calculated using Langmuir-Hinselwood expression reported
earlier.9

The insets of Fig. 7(a, c) show the degradation efficiencies of
both PA and BA pollutants using a 1%YTO electrode in 300 min. The
kinetics of degradation of PA and BA pollutants were studied and
monitored, as shown in Fig. 7(b, d). The slope of these plots gives
the rate constant (k) to be 3.6 � 10�3 min�1 for PA and 4.9 � 10�3

min�1 for BA, which is 1.5 times higher than pristine TiO2. The value
of R2 or coefficient of determination (COD) is be 0.989 for PA and
0.993 for BAwhich revealed that the degradation rate in both cases
follows the first-order kinetics concerning the radiation absorption
rate. A superior photoelectrocatalytic degradation capability of YTO
filmwas observed due to improved light absorption behavior of the
TiO2 film towards redshift, and 1%YTO exhibits a smaller crystallite
size than the rest of the films. The rate constant values of 1%YTO
film for PA and BA pollutants are higher than that of pristine TiO2

which are 2.9 � 10�3 min�1 and 3.3 � 10�3 min�1, respectively. In
comparison to the representative TiO2-based photocatalysts,
yttrium-incorporated TiO2 photoelectrode showed better UV-light-
driven photoelectrocatalytic activity (Table 2).

The photostability and reusability of the 1%YTO photocatalyst
are important tasks for degradation. To test the reusability of 1%
Table 2
A comparison of dye degradation by the YTO composite with previously reported TiO2-b

Sr No. Catalysts Efficiency (%

1 NeTiO2 64%
2 NieTiO2 78%
3 YeTiO2 hollow sphere ~70%
4 Ag/TiO2-DLE 78.85%
5 YeTiO2 71%

79%

7

YTO photocatalyst, recycled PEC degradation of PA and BA (250 mL)
was performed over 1%YTO photoelectrode under UV illumination.
The same experiment was repeated twice with fresh organic spe-
cies. Fig. 8 displays the degradation efficiency (%) with the number
of degradation cycles. 1%YTO film exhibits the best PEC stability
even after 3 cycles.
ased photocatalysts.

) Organic pollutants Ref.

Rh B dye 47

Ibuprofen 48

Methyl orange (MO) 24

MO 49

PA Present work
BA
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The photoelectrocatalytic degradation mechanism pathway of
PA and BA using the YTO film is discussed here since pristine TiO2
showed low photocatalytic activity. Incident photon having energy
greater than or equal to band gap energy is absorbed by YTO thin
film which creates excitons. The generated excitons are separated
by applying external bias. The electrons in the valence band (VB)
jump into the CB by leaving behind holes in the VB which interacts
with Y3þ ion and move towards counter electrode which opened
the way for the reduction process to form superoxide anion. The
holes in the VB tend to form highly reactive OH radical or directly
oxidize organic species. Both $OH and O2

e react with organic pol-
lutants to deteriorate the pollutants into harmless byproducts. The
detailed degradation mechanism pathway along with their
byproduct of PA and BA is discussed in literature .50e52 Hence,
yttrium doping in anatase TiO2 contributed to the excellent pho-
toelectocatalytic property.

4. Conclusions

YTO photoelectrodes were successfully deposited via a simple
spray pyrolysis approach. Compared with pristine TiO2, the film
with 1% Y doping exhibits an absorption shift towards higher
wavelength, suppressing the electronehole pair recombination.
The charge compensation in YTO was done by forming oxygen
vacancy, which was analyzed by XPS. 1%YTO electrode exhibits
amelioration of photoelectrocatalytic performance of PA and BA
compared to pristine TiO2 under UV illumination. The flat band
potentials of pristine TiO2 and YTO thin film respectively are �0.77
and �0.8 V/SCE measured with the help of MS plots. Conclusively,
incorporating Y3þ ions into TiO2 results in better performance of
optical properties of TiO2, which is a better candidate as a photo-
electrode for photoelectrocatalytic degradation of organic
pollutants.
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