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Influence of La-doping on phase transformation
and photocatalytic properties of ZnTiO3

nanoparticles synthesized via modified sol–gel
method†

T. Surendar, Santosh Kumar and Vishnu Shanker*

Non-doped and La-doped ZnTiO3 nanoparticles were successfully synthesized via a modified sol–gel

method. The synthesized nanoparticles were structurally characterized by PXRD, UV-vis DRS, FT-IR, SEM-

EDS, TEM, Raman and photoluminescence spectroscopy. The results show that doping of La into the

framework of ZnTiO3 has a strong influence on the physico-chemical properties of the synthesized

nanoparticles. XRD results clearly show that the non-doped ZnTiO3 exhibits a hexagonal phase at 800 1C,

whereas the La-doped ZnTiO3 exhibits a cubic phase under similar experimental conditions. In spite of the

fact that it has a large ionic radius, the La is efficiently involved in the evolution process by blocking the

crystal growth and the cubic to hexagonal transformation in ZnTiO3. Interestingly the absorption edge of

the La-doped ZnTiO3 nanoparticles shifted from the UV region to the visible region. The photocatalytic

activity of the La-doped ZnTiO3 nanoparticles was evaluated for the degradation of Rhodamine B under

sunlight irradiation. The optimum photocatalytic activity was obtained for 2 atom% La-doped ZnTiO3,

which is much higher than that of the non-doped ZnTiO3 as well as commercial N-TiO2. A possible

mechanism for the degradation of Rhodamine B over La-doped ZnTiO3 was also discussed by trapping

experiments. More importantly, the reusability of these nanoparticles is high. Hence La-doped ZnTiO3

nanoparticles can be used as efficient photocatalysts for environmental applications.

Introduction

In recent years, nanostructured materials have attracted con-
siderable attention for photocatalysis due to their unique
physical and chemical properties compared to their bulk coun-
terparts.1–3 Photocatalysis is an important chemical process
that underpins the development of critical renewable energy
sources and environmental technologies such as photocatalytic
water purification, hydrogen production from water splitting
and high-efficiency solar cells. It is a catalytic process occurring
on the surface of semiconductor materials under the irradiation of
photons.4–7 To date, most of the investigations on photocatalysis
have focused on enhancing the photocatalytic activity of semi-
conductor materials such as titania (TiO2).8,9 However, the
design and development of visible light driven nanostructured
photocatalysts is today’s research interest. Recently, perovskite
zinc titanate (ZnTiO3) has been investigated due to its wide

range of applications in microwave dielectrics, sorbents for the
desulfurization of hot coal gases, paint pigments, gas sensors
and more preferably for low temperature co-fired ceramics.10–17

In addition, ZnTiO3 is one of the important photocatalysts and
has been widely used for degradation of organic compounds.18

Fundamental studies concerning the phase diagram and the
characterization of the ZnO–TiO2 system have been published
by Dulin and Rase.19,20 This system is still attracting the
attention of researchers as ZnO and TiO2 are wide band gap
semiconductors with several favorable properties and extensive
applications using either the single material or ZnO–TiO2

composites. The simultaneous synthesis of a ZnO–TiO2 compo-
site usually results in the formation of three known compounds
from the ZnO–TiO2 system: ZnTiO3 (cubic, hexagonal), Zn2TiO4

(cubic, tetragonal) and Zn2Ti3O8 (cubic).19–21 Zn2Ti3O8 is the
metastable, low-temperature form of ZnTiO3.22 However, pure
ZnTiO3 is not easily obtained because it transforms to Zn2TiO4

and rutile upon sintering.19,21 There are several reports on
synthesizing ZnTiO3 nanoparticles such as by a solid state
reaction19 and by the sol–gel method.22,23 The sol–gel method
has been successfully applied over the past two decades in the
synthesis of ceramics, fibers, glasses, and thin films. It has shown
considerable advantages over conventional solid state reactions.
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These advantages include excellent compositional control, homo-
geneity at the molecular level due to the mixing of liquid
precursors, and lower crystallization temperatures.24–27

On the other hand, the perovskite (ABO3) structure provides
the flexibility to vary the composition of the A and B sites and to
incorporate a combination of cations at the A and B sites to
form substituted perovskites. In an ABO3 perovskite, varying
the stoichiometry or doping with a cation of a different valence
state can, in principle, change the electronic properties.28 There-
fore, doping is a powerful strategy to modify the basic structure and
hence the electronic and catalytic properties of the substituted
perovskites. In this paper, we report the synthesis of La-doped
ZnTiO3 nanoparticles by a modified sol–gel method. The synthe-
sized nanoparticles were structurally characterized by various
analytical techniques. The influence of La-doping on physico-
chemical properties like crystal growth, phase transformation and
optical properties of the synthesized nanoparticles were investi-
gated. The photocatalytic activity was also evaluated towards the
degradation of Rhodamine B (RhB) under sunlight irradiation.

Experimental details
Materials

Titanium isopropoxide (Sigma-Aldrich, 99.9% trace metals basis),
Rhodamine B (Sigma-Aldrich, 95.0% dye content), zinc acetate
dihydrate (SRL, 99.5%), lanthanum nitrate hexahydrate (SRL,
99.0%), terephthalic acid (Merck, AR), tert-butyl alcohol (Merck,
AR) ethylene glycol (SRL, 99.0%), and ethanol (SDFCL, 99.9%)
were used as received. All other reagents used in this work were of
analytically pure grade and used without further purification.

Method

Non-doped and La-doped ZnTiO3 nanoparticles were synthe-
sized by a modified sol–gel method. In brief the experimental
procedure was as follows. The titanium isopropoxide was
dissolved in absolute ethanol with a volume ratio of 1 : 4 under
vigorous stirring for about 30 min at room temperature. To this
solution, a calculated amount of conc. HCl and doubly distilled
water was added drop wise as a catalyst to increase the rate of
reaction, and for the hydrolysis reaction, respectively. The
resulting solution was kept under stirring at room temperature
to form a TiO2 sol. To this TiO2 sol, the required amount of zinc
acetate dihydrate (Zn : Ti = 1 : 1) dissolved in ethylene glycol was
added slowly under stirring. However, for the preparation of the
La-doped zinc titanate (Zn1–xLax)TiO3 (x = 0.01, 0.02, 0.03, 0.04 and
0.05) nanoparticles, the stoichiometric amount of lanthanum
nitrate hexahydrate along with zinc acetate dihydrate were
dissolved in ethylene glycol. The above reaction mixture was
heated at 120 1C for 5 h to form a white colored gel. The formed
gel was charred at 350 1C with a slow heating rate and ground to
obtain a fine powder. Subsequently, the synthesized product
was calcined at different temperatures for 3 h. The obtained
non-doped ZnTiO3 powder was denoted as ZT and the obtained
1–5 atom% La doped ZnTiO3 samples were denoted as ZLT-1,
ZLT-2, ZLT-3, ZLT-4 and ZLT-5 respectively.

Characterization

Powder X-ray diffraction studies (PXRD) were carried out on a
Bruker AXS D8 Advance diffractometer using Ni filtered Cu Ka
(l = 1.5406 Å) radiation in the scan range of 2y between 201 and
801. UV-vis diffuse reflectance spectra (UV-DRS) were recorded
on a Lambda 20 instrument (UV-vis NIR spectrophotometer),
equipped with an integrating sphere, and BaSO4 was used as a
reference. FT-IR spectra were recorded in transmission mode
from 4000 to 400 cm�1 on a PerkinElmer Spectrum 100 FT-IR
Spectrophotometer using KBr discs. Raman studies were
carried out on a PerkinElmer RamanStation 400 spectrometer
with a 785 nm laser as the excitation source. The surface
morphology and composition of the samples were investigated
by scanning electron microscopy (SEM; JEOL Model JSM-6390LV)
and energy dispersive spectroscopy (EDS; JEOL Model JED-2300).
The nanostructures were observed using a FEI Tecnai G2 Series
transmission electron microscope (TEM) operating at 200 kV. The
surface area measurements were recorded by using Quanta
chrome NOVA 1200e and the surface area of the catalysts were
estimated using a BET method. UV-visible absorption spectra
(UV-vis) were recorded on a THERMO Scientific Evolution
600 UV-vis NIR spectrophotometer. The photoluminescence
(PL) spectra of the photocatalysts were recorded on a TSC
Solutions F96pro fluorescence spectrophotometer at an excita-
tion wavelength of 365 nm.

Photocatalytic activity

The photocatalytic activity of the synthesized samples (0.1 g) was
examined by monitoring the degradation of RhB in an aqueous
solution (250 mL, 5 mg L�1) under sunlight irradiation. Photo-
catalytic experiments of all the samples were carried out under
similar conditions on sunny days between 11 a.m. and 4 p.m. in
the month of April 2013 at NIT Warangal, as the fluctuations in the
sunlight intensity is minimal during this month. Prior to irradia-
tion, the solution was first stirred in the dark for 30 min to reach
the adsorption equilibrium. During the sunlight irradiation,
the reaction solution was periodically withdrawn, centrifuged
to separate the photocatalyst, and used for the absorbance
measurements by UV-vis spectrophotometry. A blank test was
also carried out for the RhB aqueous solution without the photo-
catalyst under sunlight irradiation i.e., the photolysis of RhB was
carried out to evaluate the efficiency of the photocatalyst.

Analysis of reactive species

The reactive species analysis was similar to the photodegrada-
tion experimental process. Various scavengers were introduced
to the RhB solution prior to the addition of the photocatalyst.
Furthermore, photoluminescence (PL) spectra with terephtha-
lic acid (TA) as a probe molecule were used to observe the
formation of �OH on the surface of the photocatalyst under
sunlight irradiation. A brief experimental procedure is as follows.
0.1 g of a 2 atom% La-doped ZnTiO3 (ZLT-2) sample was dispersed
in 100 mL of a 5 � 10–4 mol L�1 TA aqueous solution with a
2 � 10–3 mol L�1 concentration of NaOH at room temperature.
The resulting solution was magnetically stirred and the
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suspension was exposed to sunlight. The suspension was
collected at 5 min intervals and centrifuged to measure the
maximum PL intensity using fluorescence spectrophotometry
with an excitation wavelength of 365 nm.

Results and discussion

Fig. 1 shows the XRD patterns of non-doped and La-doped
ZnTiO3 samples calcined at 800 1C for 3 h. The patterns show
that the samples are well crystallized. The diffraction peaks of the
non-doped ZnTiO3 are in good agreement with the hexagonal crystal
phase of ZnTiO3 (JCPDS No. 26-1500) whereas, the diffraction peaks
of the La-doped ZnTiO3 samples are in good agreement with the
cubic crystal phase of ZnTiO3 (JCPDS No. 39-0190). However, no
peaks corresponding to the TiO2, ZnO or zinc titanates of other
stoichiometry were observed, which indicates that a proper Zn/Ti

ratio is maintained in the synthesis of the non-doped and La-doped
ZnTiO3 nanoparticles. A significant diffraction peak broadening
after the La doping indicates a decreasing crystallinity due to the
incorporation of La into the ZnTiO3 crystal structure. The average
crystallite size of the non-doped and La-doped ZnTiO3 nanoparticles
was also calculated using the Scherrer equation. It is observed that
the average crystallite size of ZLT-2 (15 nm) is much lower than the
non-doped ZnTiO3 (47 nm). This is because many crystal defects
may be formed when the dopant ions occupy regular lattice sites of
ZnTiO3. As a result, the formed defects inhibit the growth of the
crystal, and therefore decreases the crystal size. However, the
average crystallite size was found to be decreased with an increase
in La content up to 2 atom% and slightly increased with a further
increase in La content as shown in Fig. S1 (ESI†).

Effect of La-doping on phase transformation

The XRD patterns of the non-doped ZnTiO3 and La-doped
ZnTiO3 (ZLT-2) nanoparticles calcined at different temperatures
for 3 h are shown in Fig. 2a and b respectively, to observe the
temperature effect on the phase transformation. As can be seen
from Fig. 2a the non-doped ZnTiO3 sample calcined at 500 1C
showed the cubic ZnTiO3 peaks with poor crystallinity. When
the calcination temperature increased to 600 1C the cubic phase
of ZnTiO3 was retained, but the peak intensity was greatly
increased because an increase in the calcination temperature
can enhance the atomic mobility, which causes grain growth and
better crystallinity. Furthermore, a phase change from cubic to
hexagonal was observed with an increase in the calcination
temperature from 600 to 700 1C. The pure hexagonal phase of
ZnTiO3 was obtained at a calcination temperature of 800 1C.
Fig. 2b shows the cubic phase of La-doped ZnTiO3 at different
calcination temperatures. However, the peak intensity was greatly
increased with an increase in the calcination temperature, which
is similar to non-doped ZnTiO3, but interestingly no phase
change was observed in the La-doped ZnTiO3 nanoparticles. This
implies that the incorporated La was efficiently involved in the
evolution process by blocking the crystal growth and the cubic to
hexagonal transformation in ZnTiO3. A similar phenomenon was

Fig. 1 XRD patterns of the synthesized non-doped and La-doped ZnTiO3

nanoparticles calcined at 800 1C for 3 h: (a) ZLT-1 (b) ZLT-2 (c) ZLT-3
(d) ZLT-4 (e) ZLT-5 and (f) ZT.

Fig. 2 XRD patterns of the synthesized non-doped and La-doped ZnTiO3 nanoparticles calcined at various temperatures for 3 h: (a) ZT and (b) ZLT-2
(* – cubic and 0 – hexagonal phases).
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also observed in Eu3+-doped ZnTiO3 by Mrazek et al.29 It is also
observed that the diffraction intensity of the La-doped ZnTiO3

samples at all calcination temperatures is very low compared to
the non-doped ZnTiO3 as shown in Fig. S2 (ESI†).

Fig. 3 shows the UV-vis diffuse reflectance spectra of the
non-doped and La-doped ZnTiO3 nanoparticles. The absorp-
tion in the visible region of the La-doped ZnTiO3 is due to the
electron donor levels formed by the La impurity in the lattice
structure of ZnTiO3. Because La doping introduces n-type
carriers in the ZnTiO3 system, the Fermi level shifts into the
conduction band. A similar phenomenon was also reported in
Cr-doped SrTiO3 by Wang et al.30 and in La-doped Sr2TiO4 by
Wang et al.31 Owing to the lower energy separation between the
new energy levels and the valance or conduction band, visible
light becomes energetic enough to accelerate the electron
transitions. Therefore, the La-doped ZnTiO3 probably generates
more free charge carriers to induce surface chemical reactions
than that of the pure ZnTiO3 under sunlight irradiation, because

the sunlight is composed of about 50% visible light. The band
gap energy is obtained by plotting (ahn)2 vs. hn where a is the
absorption coefficient and hn is photon energy. Extrapolation of
the linear portion at (ahn)2 = 0 gives the band gap energy for a
particular sample. The estimated band gap energy from the
intercept of the tangents to the plots are 3.54, 3.37, 2.92, 3.35,
3.01 and 3.12 eV for the samples ZT, ZLT-1, ZLT-2, ZLT-3, ZLT-4
and ZLT-5 respectively. Thus, the minimum energy required to
excite an electron from the valence band to the conduction band
is considerably lower in the La-doped ZnTiO3 than that of the
non-doped ZnTiO3. This concludes that the La-doped ZnTiO3

has a larger redox potential for the photocatalytic decomposition
of organic contaminants under sun light irradiation.

Fig. 4A shows the FT-IR spectrum of the synthesized non-
doped and La-doped ZnTiO3 nanoparticles at 800 1C for 3 h.
The bands above 400 cm�1 are due to Ti–O stretching vibra-
tions and those below 400 cm�1 are due to Ti–O bending
vibrations.32 It is also seen that these main characteristic peaks
of ZnTiO3 are shifted to a lower wavenumber region in the
La-doped ZnTiO3 nanoparticles as shown in Fig. S3 (ESI†). The
red shift of these bands indicates a change in the bond strengths
of Zn–Ti–O, suggesting the successful doping of La into the
ZnTiO3 crystal structure. Furthermore, the intensity of the peaks
was greatly suppressed with an increase in the La content in the
La-doped ZnTiO3 nanoparticles. This implies that the incorpo-
rated La was efficiently involved in the evolution process by
blocking the crystal growth in ZnTiO3. However, the broad bands
observed in all samples at around 3466 cm�1 and 1658 cm�1

correspond to the stretching and bending vibrations of O–H in
the adsorbed H2O molecules respectively. The spectral data of
hexagonal and cubic phases of the non-doped and La-doped
ZnTiO3 are in good agreement with the results reported elsewhere
by Yamaguchi et al.22

Raman spectra were recorded with a 785 nm laser as the
excitation source to further investigate the phase transforma-
tion. Fig. 4B shows the Raman spectra of the synthesized non-
doped and La-doped ZnTiO3 nanoparticles calcined at 800 1C
for 3 h. It can be clearly seen that the non-doped and La-doped

Fig. 3 UV-vis diffuse reflectance spectra of the synthesized non-doped
and La-doped ZnTiO3 nanoparticles: (a) ZT (b) ZLT-1 (c) ZLT-2 (d) ZLT-3
(e) ZLT-4 and (f) ZLT-5.

Fig. 4 FT-IR spectra (A) and Raman spectra (B) of the synthesized non-doped and La-doped ZnTiO3 nanoparticles: (a) ZT (b) ZLT-1 (c) ZLT-2 (d) ZLT-3
(e) ZLT-4 and (f) ZLT-5.
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ZnTiO3 nanoparticles show different patterns. For the non-doped
ZnTiO3, the peaks observed at around 261, 342, 528 and 713 cm�1

are attributed to the vibration modes of n4(LO), n2(LO, TO), n1(TO)
and n1(LO), respectively, which are the characteristic peaks of
hexagonal ZnTiO3. The Raman peaks appearing around 520 and
234 cm�1 are attributed to the vibration modes of n1(TO) and
n4(LO) respectively, which are characteristic peaks of the cubic
phase present in the La-doped ZnTiO3.33,34 It has been observed
that with an increasing La content, most of the peaks broaden
and shift towards the lower frequencies. The above results are in
good agreement with the XRD analysis as discussed above.

Fig. 5 shows the SEM images of the non-doped and La-doped
ZnTiO3 nanoparticles calcined at 800 1C for 3 h. As can be
observed in Fig. 5(a–f), the non-doped and La doped ZnTiO3

nanoparticles possess hemi-spherical morphology with fine
particles and uniform size distribution. Moreover, the ZnTiO3

nanoparticles were highly agglomerated with an increase in the
La content in the La-doped ZnTiO3 thereby decreasing
the photocatalytic activity by blocking the active sites on the
surface of the ZnTiO3 nanoparticles. In addition, X-ray energy
dispersive spectroscopy (EDS) was used to determine the
chemical composition of the synthesized samples (Fig. S4, ESI†).
The results reveal that the molar ratio of Zn to Ti is about 1 : 1
within the instrumental accuracy for the non-doped ZnTiO3.
The La doping content in the La-doped ZnTiO3 nanoparticles
identified by the EDS results is similar to the loaded content as
listed in Table 1.

Fig. 6 shows the TEM images of the non-doped ZnTiO3

and La-doped ZnTiO3 (ZLT-2) nanoparticles. The TEM results
support the hexagonal and cubic structure of the non-doped
ZnTiO3 (Fig. 6a) and La-doped ZnTiO3 nanoparticles (Fig. 6b),
respectively. The particle sizes range around 40–50 nm for the
non-doped ZnTiO3 and 20–30 nm for the La-doped ZnTiO3, which
are in good agreement with the corresponding crystallite size
calculated using the Scherrer equation. Furthermore, a selected area
electron diffraction (SAED) pattern shown in the inset of Fig. 6b also
resembles closely the cubic perovskite ZnTiO3 structure.

The specific surface area of the non-doped ZnTiO3 (ZT) and
La-doped ZnTiO3 (ZLT-2) nanoparticles was investigated by
nitrogen adsorption isotherm analysis. The specific surface
area of the ZT and ZLT-2 samples was found to be 10.77 m2 g�1

and 15.25 m2 g�1 respectively. The relatively large specific surface
area of the La-doped ZnTiO3 nanoparticles is useful for the better
adsorption of organic compounds and also provides a greater
number of reactive sites for the photocatalytic process, thereby
enhancing the photocatalytic activity.

Photocatalytic performance

The photocatalytic activity of the synthesized samples was
evaluated for the degradation of RhB under sunlight irradia-
tion, as shown in Fig. 7A. The photolysis of RhB under the same
experimental conditions (in the absence of a catalyst) indicates
that RhB is stable under sunlight irradiation. The synthesized
La-doped ZnTiO3 nanoparticles exhibit a much higher photo-
catalytic activity than that of the non-doped ZnTiO3 and commercial
N-TiO2. The optimum photocatalytic activity was obtained for
a 2 atom% La-doped ZnTiO3. However, the photocatalytic
activity of the La-doped ZnTiO3 increased at first by doping

Fig. 5 SEM images of the synthesized non-doped and La-doped ZnTiO3

nanoparticles: (a) ZT (b) ZLT-1 (c) ZLT-2 (d) ZLT-3 (e) ZLT-4 and (f) ZLT-5.

Table 1 Physical and textural properties of non-doped and La-doped
ZnTiO3 nanoparticles

Sample
La loading
(atom%)

Actual La loading
(from EDS) (atom%)

Crystallite
size (nm)

Energy
gap (eV)

ZT 0 0 47 3.54
ZLT-1 1 1.07 25 3.37
ZLT-2 2 1.98 15 2.92
ZLT-3 3 2.87 18 3.35
ZLT-4 4 3.99 22 3.01
ZLT-5 5 4.65 24 3.12

Fig. 6 TEM images of the synthesized (a) ZT and (b) ZLT-2 sample and
corresponding selected area electron diffraction (SAED) pattern (inset).
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with 2 atom% La, and then decreased with an increase in La
content. The decrease in the photocatalytic activity by doping with
excess amounts of La3+ may be due to following reasons: (1) the
increase in the amount of oxygen vacancies, which become the
recombination centers for the photoinduced electrons and holes35

and (2) the high agglomeration in the nanoparticles which can
block the active sites on the surface of the ZnTiO3 nanoparticles.
Therefore, the order of photocatalytic activity of the synthesized
samples for the degradation of RhB under sunlight irradiation was
summarized as follows; ZLT-2 > ZLT-1 > ZLT-3 > ZLT-4 > ZLT-5 > ZT.

Photoluminescence

The enhanced photocatalytic activity of the La-doped ZnTiO3

can be explained by photoluminescence (PL) spectra, which
explain the migration, transfer and recombination processes
of the photoinduced electron–hole pairs in semiconductor
materials.36 Fig. 7B shows the PL spectra of the synthesized
non-doped and La-doped ZnTiO3 nanoparticles recorded at
room temperature with an excitation wavelength of 365 nm.
It can be seen that the non-doped ZnTiO3 sample has a strong
peak around 510 nm in the PL spectrum. Interestingly, the PL
intensity has been greatly decreased due to the hindered
recombination rate of the photoinduced electron–hole pairs
in the La-doped ZnTiO3 nanoparticles.

Possible mechanism for enhanced photocatalytic performance

According to the theoretical band structure, the ZnTiO3 has a
large band gap (3.8 eV) with a valance edge potential of +3.0 eV
which is predominated by O 2p states and a conduction edge
potential of �0.8 eV determined by Ti 3d states.37–39 The
photoinduced electron in the conduction band of ZnTiO3 can
produce O2

�� from adsorbed O2 because the valance edge
potential of ZnTiO3 is more negative than (E(O2/O2

��) = �0.3 eV
vs. NHE).36,40,41 Meanwhile the trapped holes in the valance
band of ZnTiO3 can oxidize the H2O to yield �OH because the
conduction edge potential of ZnTiO3 is more positive than
(E(�OH/H2O�) = +2.68 eV vs. NHE).

Detection of reactive species

To examine the role of these reactive species in the La-doped
ZnTiO3 system, the effects of some radical scavengers and N2

purging on the photodegradation of RhB were investigated.
It can be seen from Fig. 8a, on the addition of tert-butyl alcohol
(t-BuOH) which acts as an �OH scavenger, that the degradation
rate was drastically inhibited for the photocatalytic degradation
of RhB compared with no scavenger at the same conditions.
A significant change was observed in the degradation rate with
the addition of ammonium oxalate (AO) acting as a hole
scavenger. Meanwhile, a small change in the degradation of
RhB was observed when N2 purging was conducted which acts
as an O2

�� scavenger, suggesting that the hole and �OH are
major reactive species in La-doped ZnTiO3 photocatalysts.

Hydroxyl radical generation

To probe the generation of �OH in the sunlight irradiated
suspension of the ZLT-2 sample, terephthalic acid (TA) was
added as a reagent, which readily reacts with �OH to produce
the highly fluorescent product 2-hydroxyterephthalic acid.
A maximum intensity peak in the PL spectra was observed at
around 425 nm with an excitation wavelength of 365 nm as
shown in Fig. 8b. It is also observed from Fig. 8b that the PL
intensity increases gradually with an increasing irradiation
time, which demonstrates that �OH is indeed generated on
the sunlight irradiated surface of the La-doped ZnTiO3 showing
a markedly enhanced production of 2-hydroxyterephthalic acid.
The results confirm the formation of �OH on the surface of the
photocatalyst, which leads to the enhanced photocatalytic
activity for the degradation of RhB under sunlight irradiation
as shown in Fig. 9a.

Reusability

The reusability of a photocatalyst is one of the important
factors for its practical application. However, the La-doped
ZnTiO3 nanoparticles can be easily reused by a simple filtration

Fig. 7 (A) Comparison of photocatalytic activities for the degradation of RhB in aqueous solution under sunlight irradiation over non-doped and
La-doped ZnTiO3 nanoparticles; (B) room temperature photoluminescence (PL) spectra of the synthesized non-doped and La-doped ZnTiO3

nanoparticles excited at 365 nm: (a) ZT (b) ZLT-1 (c) ZLT-2 (d) ZLT-3 (e) ZLT-4 and (f) ZLT-5.
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or by low-speed centrifugation and thus avoids a secondary
pollution. To study the reusability of the La-doped ZnTiO3

nanoparticles, five successive photocatalytic runs were carried
out by adding recycled La-doped ZnTiO3 to fresh RhB solutions
with no change in the overall concentration of the catalyst
under sunlight irradiation. The photocatalytic activity of the
ZLT-2 sample is retained over 90% of its original activity
after five successive experimental runs under sunlight irradia-
tion as shown in Fig. 9b. Therefore, the La-doped ZnTiO3

nanoparticles can be used as high-performance visible light
photocatalysts with potential applications in environmental
protection.

Conclusion

Non-doped and La-doped ZnTiO3 nanoparticles have been
successfully synthesized by a modified sol–gel method. The
results indicated that the non-doped ZnTiO3 showed a hexago-
nal phase at 800 1C for 3 h whereas the La-doped ZnTiO3

showed a cubic phase. The crystal structure, particle size

and band structure of ZnTiO3 were significantly affected due
to La-doping. Interestingly, the La-doped ZnTiO3 nanoparticles
show a much higher photocatalytic activity compared to the
non-doped ZnTiO3 as well as commercial N-TiO2. The highest
photocatalytic activity is observed for 2 atom% La-doped
ZnTiO3 nanoparticles. The improved photocatalytic performance
of the La-doped ZnTiO3 nanoparticles under sunlight irradiation
is due to a synergistic effect within the crystal structure. Signifi-
cant decreases in particle size lead to an increase in the surface
area and subsequently provide more reactive sites on the surface
of the photocatalyst and absorption in the visible region. Inter-
estingly, the synthesized La-doped ZnTiO3 photocatalyst possesses
high reusability. Therefore, the synthesized photocatalysts will be
of great value to the efficient utilization of solar energy and can be
used for environmental remediation.
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Fig. 8 (a) Effect of different scavengers on the degradation of RhB in the presence of ZLT-2 catalyst under sunlight irradiation, (b) �OH trapping PL
spectra of ZLT-2 with TA solution under sunlight irradiation.

Fig. 9 (a) Schematic illustration of the high photocatalytic activity of La-doped ZnTiO3 nanoparticles for the degradation of RhB in aqueous solution
under sunlight irradiation; (b) reusability of the ZLT-2 photocatalyst in five successive experimental runs for the photocatalytic degradation of RhB in
aqueous solution under sunlight irradiation.
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