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A B S T R A C T

The photocatalytic properties of the layered perovskites belonging to n= 2 series of Ruddlesden ‒ Popper oxides
Sr2.7-xCaxLn0.3Fe2O7-δ with x=0 and 0.3, and Ln =La and Nd have been studied by monitoring the degradation
of methylene blue (MB) dye under solar and UV irradiation. The Sr2.7-xCaxLn0.3Fe2O7-δ samples were synthesized
by a conventional solid-state reaction and all the samples crystallized in a tetragonal space group I4/mmm. The
microparticle analysis shows the grain size decreases with the decrease in lanthanide size. An increase in the
absorption band in the UV–VIS–NIR range occurred with the decrease in lanthanide size. However, the Ca-
substitution leads to a small decrease in the absorption band in the case of both lanthanides. The behavior of
Sr2.7-xCaxLn0.3Fe2O7-δ samples for the photocatalytic decomposition of MB dye under UV and solar irradiation at
room temperature were studied at various time intervals and their degradation efficiency was compared. The Nd
doped samples exhibited slightly increased dye degradation under both UV and solar irradiation and is due to an
increased absorbance and low band gap compared to La doped samples. Moreover, the generation of reactive
oxygen species (·OHs) was confirmed by the scavenger technique. The MB degradation rate was fast under solar
irradiation (180min) compared to UV irradiation (300min). The results presented here suggest that the Sr2.7-
xCaxLn0.3Fe2O7-δ samples could be a suitable candidate for the degradation of dye contaminants in waste water
under solar exposure.

1. Introduction

In the past few decades, extensive research has been devoted to the
development of efficient photocatalyst for eliminating environmental
effluences caused by organic and inorganic pollutants [1,2]. The dyes
lost during the dyeing process from textile industries is released as
colored waste water in the ecosystem is a perceptible source of per-
turbations in the aquatic life. There are numerous methods that have
been developed for the removal of textile dyes from waste water in-
cluding adsorption, photocatalysis, anaerobic treatment, chemical oxi-
dation, membrane filtration etc. [2–4]. The photocatalytic degradation
of organic pollutants from water by semiconductors such as TiO2, ZnO,
SnO2 have been proven as efficient photocatalysts due to its high
photocatalytic activity and ultraviolet absorbency, strong chemical
stability, low cost and non-toxicity [5]. However, the practical appli-
cation of these semiconducting oxides is limited because these oxides
absorbs only a small portion of solar spectrum in the ultraviolet region.

Therefore, the development of photosensitized degradation process by
utilizing visible light has recently become an important topic of re-
search [5].

Several new multiple complex oxide photocatalysts such as SrTiO3,
LaCoO3, BiVO4, Bi2WO6 have been demonstrated promising because of
their strong visible light absorption [6–8]. These multiple complex
oxides have better photocatalytic activity than TiO2 under sunlight [7].
Recently, the layered perovskites belonging to Ruddlesden-Popper (R-
P) family having the general formula An+1BnO3n+1 (A = alkali, alka-
line earth or rare earth; B = transition metal) have been found to ex-
hibit higher photocatalytic activity [9,10]. These R-P oxides have rock
salt layers alternating with a single (n=1), double (n=2) or triple
(n= 3) perovskite layers along the c-axis [11]. It was reported that the
layered perovskites use their interlayer space as reaction sites where the
electron-hole recombination process could be retarded by physical se-
paration of the electron-hole pairs generated by photo-absorption [10].
Another interesting feature of these complex oxides is that their
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catalytic activity can be highly improved by the partial substitution on
A- and/or B-site [12]. The R-P oxides shows an enhancement in the
structural stability compared to simple perovskites and can accept a
large oxygen non-stoichiometry without structural transformation [13].

Photocatalytic activity of the layered perovskites is highly depen-
dent on the electronic band structure as well as bulk crystal structure.
The semiconducting properties like electronic conductivity and band
gap at room temperature of the layered perovskites suggest that they
can be effective for the degradation of dyes. The photogenerated elec-
trons in this semiconductor are excited from valence band to the con-
duction band, generating electron-hole pairs. This pairs produce ·OH
radicals which decompose the organic contaminants adsorbed on the
surface of the photocatalyst to less risky compounds [14]. Methylene
blue (MB) is a blue, organic cationic thiazine dye that has been com-
monly used in the textile industry and is normally degraded using
materials such as sulfides, non-semiconducting oxides, and persistent
phosphors [15,16]. The total degradation time reported for MB is in the
range of 100–200min. TiO2 has been regarded as a most promising
catalyst for the degradation of MB, however the use of TiO2 is seriously
decreased for MB degradation due to its wide band gap, low efficiency
of sunlight utilization and high electron-hole recombination rate
[17,18]. Consequently, materials with stronger solar absorbance in the
VIS-NIR region and appropriate band gap are still an important subject
of research for solar photocatalysis.

The LaFeO3-δ perovskite compounds are studied widely as cathodes
for the electrochemical reduction of oxygen in solid oxide fuel cells
(SOFCs) and recently many groups investigated their photocatalytic
activity [19,20]. In perovskites, varying the stoichiometry or doping
with a cation of different valence state can change the electronic
structure, which dictates the electrical and optical properties [21].
Earlier we have studied the photocatalytic activity of the R-P oxides of
n=3 series Sr3.2-xCaxLa0.8Fe1.5Co1.5O10-δ and results show that there is
an increase in absorbance and photocatalytic activity with increase in
Ca-substitution [22]. The R-P oxides of n= 2 series (Sr,La)3Fe2O7-δ has
been studied widely as cathode material for SOFCs and oxygen se-
paration membranes due to its mixed oxide-ion and electronic con-
ducting properties [23]. The crystal structure of (Sr,La)3Fe2O7-δ having
(Sr,La)O rock-salt layers alternating with two (Sr,La)FeO3 perovskite
layers along the c-axis is shown in Fig. 1. Neutron powder diffraction
studies have shown that in the n=2 series, oxygen vacancies are lo-
calized on the vertex shared by two FeO6 octahedra in the perovskite
layer [24]. Although the electrochemical properties of the R-P oxides of
n=2 series (Sr,Ln)3Fe2O7 have been studied for SOFC applications,
there is no report on the photocatalytic properties of this material. In
this work, R-P oxide of n= 2 series Sr2.7-xCaxLn0.3Fe2O7-δ with x= 0
and 0.3, and Ln =La and Nd were synthesized, and their photocatalytic
behavior was studied by monitoring the degradation of MB dye under
solar and UV exposure. Our results demonstrate that the incorporation
of La and Nd ions helped to create oxygen vacancies, which enhanced
the photocatalytic activity in the Sr2.7-xCaxLn0.3Fe2O7-δ powders.

2. Experimental section

2.1. Synthesis of intergrowth oxides

The intergrowth oxides Sr2.7-xCaxLn0.3Fe2O7-δ with x= 0 and 0.3,
and Ln =La and Nd were synthesized by the conventional solid-state
reaction. To remove the moisture and CO2 in rare-earth oxides, La2O3

and Nd2O3 were initially heat-treated at 900 °C for 10 h in air prior to
weighing. Stoichiometric amounts of La2O3, Nd2O3, SrCO3, CaCO3 and
Fe2O3 (Sigma Aldrich) were weighed and thoroughly mixed with
ethanol in an agate mortar and pestle and calcined in air at 1000 °C for
12 h. The calcined powders were then ground and pressed into pellets
and sintered in air at 1300 °C for 24 h. The sintered pellets were ground
into fine powder for further characterizations. Four Sr2.7-
xCaxLn0.3Fe2O7-δ samples were synthesized with different lanthanides

(Ln = La and Nd) with and without Ca substitution: SLFO (x= 0 and Ln
= La), SNFO (x= 0 and Ln = Nd), SCLFO (x=0.3 and Ln = La) and
SCNFO (x=0.3 and Ln = Nd).

Fig. 1. Crystal structure of the Ruddlesden-Popper oxide of n= 2 series
(Sr,La)3Fe2O7-δ.

Fig. 2. Rietveld refinements of Sr2.7-xCaxLn0.3FeO7-δ samples.
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2.2. Structural, morphological and optical characterizations

The powder Sr2.7-xCaxLn0.3Fe2O7-δ samples were characterized by X-
ray diffraction (XRD) with a Philips X’pert diffractometer using Cu Kα
radiation. The diffraction angles were recorded in the 2θ range 10 ‒ 80°
with a step of 0.02°. The XRD patterns were indexed using the powder
diffraction file (PDF) database, and Rietveld refinement was done using
the MAUD program v. 2.33 [25]. The morphology of the sample powder
was analyzed by scanning electron microscopy (SEM) with a Philips
XL30 ESEM microscope equipped with an EDAX Inc. energy dispersive
X-ray detector for microanalysis at room temperature. The absorbance
spectra of the powders were acquired with a Perkin-Elmer Lambda 365
spectrophotometer with an integrating sphere of Spectralon in the
range of 200–1100 nm.

2.3. Photocatalytic measurements

Methylene blue (MB) has been selected as a perfect organic pollu-
tant for testing the photocatalytic activity of the Sr2.7-xCaxLn0.3Fe2O7-δ
powders. The samples were prepared by mixing 0.3 g of Sr2.7-
xCaxLn0.3Fe2O7-δ powder with the 100ml MB solution. Before visible
light irradiation, the mixture of MB dye and Sr2.7-xCaxLn0.3Fe2O7-δ so-
lutions were magnetically stirred for 60min in the dark. This permits
the formation of the adsorption-desorption equilibrium between the
interface of the photocatalyst and the dye molecules under ambient
conditions. After that, the beakers with the solutions and the photo-
catalysts were irradiated with sunlight up to 180min in a sunny day.
The photocatalytic degradation of methylene blue was monitored by
withdrawing 200 µL of the MB solution at regular intervals during solar
irradiation and immediately centrifuged at 15,000 rpm for 20min to
separate the photocatalyst from the water.

For UV measurements, the photocatalytic process was carried out
using a reactor fabricated with three 4W UV lamps. The UV light
emitted by those lamps centered at 254 nm, with a FWHM around 12
nm. The samples were prepared by mixing 100ml of 25 ppm methylene
blue solution and 0.3 g of the Sr2.7-xCaxLn0.3FeO7-δ powders. Afterwards
the UV lamps were turned on and the samples of 1ml were extracted
every 30min and the powders were separated from the liquid by cen-
trifugation at 15,000 rpm. The absorbance measurements were re-
corded by using a Cary-60 UV–Vis spectrophotometer in the range of
200–700 nm. Subsequently, the absorbance of each sample was mea-
sured to observe a decrease in the intensity of the main absorption band
of the methylene blue centered at 665 nm. The absorbance spectrum of
MB liquid was determined with a UV–Vis UNICO SQ-4802 spectro-
photometer in the range of 300–800 nm. The solar irradiance was
monitored with a photodiode detector (CCD Davis solar radiation de-
tector) every 30min and the average irradiance value during the ex-
periment was: 642 ± 40W/m2.

Fig. 3. SEM images of Sr2.7-xCaxLn0.3FeO7-δ samples.

Fig. 4. Absorbance spectra of Sr2.7-xCaxLn0.3FeO7-δ samples.
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2.4. Detection of reactive oxygen species with scavengers (under solar and
UV light)

The fluorescence technique was used to study the generation of
reactive oxygen species (ROS) in the MB dye aqueous solutions
(25mg L−1) with the catalyst powders. The scavenger used for the
detection of ROS (·OH radicals in this case) was terephthalic acid (TA).
The procedure for the detection of·OHs was as follows: 5 ml of 5× 10−4

M solution of terephthalic acid, 5 ml of 2× 10−3 M solution of NaOH
and 30mg of Sr2.7-xCaxLn0.3Fe2O7-δ catalyst were added to 100ml of
deionized water. Subsequently, the mixture was stirred and aliquots
(1 ml.) were extracted at regular intervals of time (from 0 to 60min)
under solar and UV irradiation and their fluorescence was measured
immediately in the range of 350–550 nm under excitation at 315 nm.
The fluorescence spectra were collected by using an Ocean Optics
spectrophotometer Q65000 coupled with an optical fiber.

Similarly, to understand which type of oxidizing agent mostly pro-
motes the degradation of MB dye, different scavengers such as po-
tassium iodide (KI), benzoquinone (BQ) and terephthalic acid (TA)
were used for the detection of ROS. The procedure for detection of ROS
was as follows: 1.88mM of potassium iodide (KI) was added to the MB
solution (25 mgL−1) together with 30mg of Sr2.7-xCaxLn0.3Fe2O7-δ
catalyst. Subsequently, the photocatalytic experiment was carried out
as explained in Section 2.3 to determine the MB degradation percentage
with the presence of KI scavenger. This experiment of MB photo-
catalytic degradation with scavengers was also repeated with 0.235mM
of benzoquinone (BQ) and terephthalic acid (TA).

3. Results and discussion

3.1. Structure and morphology

The XRD patterns of all the Sr2.7-xCaxLn0.3Fe2O7-δ samples are
shown in Fig. 2. The diffraction peaks and crystalline planes corre-
sponds to a single phase having the tetragonal crystal structure of space
group I4/mmm of the n=2 member of the R‒P series. The main ob-
served planes are (105), (110), (116), (0010), (200) and (215). A
structural refinement was carried out by using the Maud software and
the XRD data could be refined with a tetragonal space group I4/mmm.
The refinement results are shown in Fig. 2, the black and red curves
correspond to the experimental and theoretical diffraction patterns
while the blue curve corresponds to the arithmetic difference between
the red and black curves. The small difference between the theoretical
and experimental patterns indicates the accuracy of the Rietveld re-
finement. The samples with Ln = La, the substitution of Sr by Ca causes
a contraction of the lattice parameters (a) and (b) from 3.869 to
3.860 Å, and (c) from 20.197 to 20.055 Å, respectively. With the sub-
stitution of Sr by Ca in Ln =Nd samples, (a) and (b) decreases from
3.866 to 3.864 Å and (c) from 20.142 to 20.119 Å. Similarly, with Ca
substitution, the cell volume decreases from 302.285 Å3 to 298.821 Å3

for Ln = La samples and from 301.042 Å3 to 300.403 Å3 for Ln =Nd
samples. From the above values we can see that as the ionic radii of Ln
= La (1.17 Å) to Nd (1.12 Å) decreases, the lattice parameters decrease
from La to Nd samples. Similarly, the introduction of Ca2+ with smaller
ionic radii (1.12 Å) in comparison with that of Sr2+ (1.26 Å) lead to a
further contraction of the unit cell.

SEM images of SLFO, SCLFO, SNFO and SCNFO samples are shown
in Fig. 3. The microparticles are highly agglomerated and the Ca sub-
stitution for Sr in La and Nd samples does not show any change in the
morphology. The smaller microparticles are obtained for the Nd based
samples compared to La based samples. The Ca doped and undoped
lanthanides exhibit a mixture of small and large grains of irregular size
in the range 0.1–3.9 µm. The percentage of microparticle size in the
range of 0.1–0.7 µm were 43%, 55%, 71% and 43%, and 3.3 µm were
9%, 7%, 5% and 6% respectively, for SLFO, SCLFO, SNFO and SCNFO
samples. This microparticle size values demonstrates the smaller par-
ticles are produced as the lanthanide size decreases. The uneven size
distribution obtained in all these samples can be attributed to the sin-
tering treatment which allows the growth by the diffusion of particles
through their grain boundaries [26].

3.2. Optical properties

The UV–vis–NIR absorbance spectra of all the Sr2.7-xCaxLn0.3Fe2O7-δ
samples in the range 300–1100 nm are shown in Fig. 4. As observed, the
samples absorb light in the UV–VIS–NIR region, which is an advantage
over the popular TiO2 photocatalyst that only absorbs in the UV region
[5]. The optical absorption in the near UV range and VIS-NIR region
slightly improved in the Nd samples compared to La based samples. In
addition, the samples doped with Ca presented a lower absorption in-
tensity compared to the samples without Ca. It is well-known that the
oxygen content in the R-P oxides decreases as the ionic size of the

Fig. 5. Kubelka-Munk plots for SCLFO and SCNFO samples.

Fig. 6. MB degradation percentage as a function of time for Sr2.7-xCaxLn0.3FeO7-

δ samples under (a) UV irradiation and (b) solar irradiation.
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lanthanide decreases [27]. The decrease in oxygen content at the same
time produces an increase in oxygen vacancies which enhances the
visible light absorption of the layered perovskites as well as their
photocatalytic activity [28]. Another effect for the Sr substitution by
lanthanides of decreasing ionic size is the decrease in the optical band
gap in the Sr2.7-xCaxLn0.3Fe2O7-δ samples. This was estimated by using
the Kubelka-Munk function:
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where K is the absorption coefficient and S is the dispersion coefficient,
F(R∞) is the K-M function, R∞ is the diffuse reflectance of the sample.
Fig. 5 shows some representative diffuse reflectance spectra of the Sr2.7-
xCaxLn0.3Fe2O7-δ samples after the K-M treatment (the spectra for SNFO
and SLFO are not shown due to its close similarity with SCLFO and
SCNFO). The band gap energy (Eg) value is obtained from the inter-
section between the linear fit and the photon energy axis. The band gap
energy values obtained are 1.6, 1.74, 1.4 and 1.55 eV, respectively for
the SLFO, SCLFO, SNFO and SCNFO samples. The lower energy band
gap values obtained for the Nd based samples compared to La based
samples suggest that the presence of Nd contributed to slight increase in
the electrical conductivity and optical absorbance of the samples, which
is beneficial for the photocatalytic degradation of MB as explained in
the next section. Furthermore, the samples with Ca have a slightly
higher band gap values compared to that of the samples without Ca.
This could be due the presence of large number of oxygen vacancies in
the samples with Nd and Ca in comparison with these with La and Ca.

In fact, higher content of oxygen vacancies would be expected in the
samples with Nd and Ca as a result of stronger crystalline distortions,
and this would occur because the ionic radii of Nd ion are smaller than
that of La. The presence of oxygen vacancies in the samples would favor
the electronic delocalization and hence a narrowing of the forbidden
energy gap [29]. Consequently, the lower band gap exhibited by the Nd
based samples with respect to the La based samples could be attributed
to the presence of higher amount of oxygen vacancies.

3.3. Photocatalytic activity

Many perovskite and layered perovskite materials exhibit better
photocatalytic activity compared to the standard TiO2 materials under
solar irradiation [8,9]. The low efficiency of TiO2 under solar irradia-
tion is the due to large band gap (3.2 eV) and therefore materials with
low values of band gap are preferred. The photocatalytic activity of the
Sr2.7-xCaxLn0.3Fe2O7-δ layered perovskites was evaluated by monitoring
the degradation of the methylene blue, which is a common organic
pollutant in the textile industry [2]. The photocatalytic activity of the
Sr2.7-xCaxLn0.3Fe2O7-δ powders was evaluated by the degradation per-
centage (D) of the samples calculated with the following equation:

=
−

×D A A
A

100%t0

0 (2)

where D is the degradation percentage (%), Ao is the initial absorbance
of MB at t= 0, and At is the absorbance of MB after time t (min).
Fig. 6(a) and (b) show the degradation of MB dye using the Sr2.7-

Fig. 7. Absorbance spectra of MB solution obtained for SNFO and SCNFO samples at different times under (a) and (b) UV irradiation and, (c) and (d) solar irradiation.
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xCaxLn0.3Fe2O7-δ oxides under UV and solar radiation, respectively. All
the samples could totally degrade the MB dye after 180min under solar
irradiation. However, the degradation percentage of the MB dye after
300min under UV irradiation was only 95%, 95%, 84% and 35% for
SNFO, SCNFO, SCLFO and SLFO samples, respectively. The absorption
spectrum of MB is characterized by strong overlapping bands around
600 and 665 nm. These bands are assigned to conjugated π-system [30].
The absorption curves of the MB solution as a function of time obtained
during the photocatalytic activity of the best samples SNFO and SCNFO
exposed under UV irradiation are shown in Fig. 7(a) and (b). As ob-
served, the intensity of the characteristic absorption peaks of MB

decreases with the irradiation time, which indicates a progressive de-
gradation of MB by the destruction of its aromatic ring [30,31]. Simi-
larly, the decrease of the MB absorbance as a function of time was
observed for SNFO and SCNFO under solar irradiation are shown in
Fig. 7(c) and (d). The degradation rates were 0.44%/min, 0.41%/min,
0.36%/min, and 0.13%/min, respectively for SNFO, SCNFO, SLFO and
SCLFO samples under UV irradiation. The values of degradation rates
obtained under solar exposure were 0.91%/min, 0.88%/min, 0.90%/
min, and 0.88%/min, respectively for SNFO, SCNFO, SLFO and SCLFO
samples. In general, the degradation rates obtained under solar light
were higher than that of UV irradiation, suggesting that the photo-
catalytic activity is more efficient under solar light. Also, there is no
noticeable variation among the degradation rates obtained under solar
irradiation, indicating that any of the studied samples could be a viable
candidate for photocatalytic degradation of dyes under solar exposure.
The degradation of MB was due to the generation of oxidizing agents by
the Sr2.7-xCaxLn0.3Fe2O7-δ photocatalyst, since the pH in the MB aqu-
eous solution increased in average from 7.2 at t= 0–9.4 at t= 180min
or 300min. This increase of pH with time suggests the formation of
oxidizing ·OH radicals. The blank solutions without photocatalysts
maintained a constant pH of 7.6 during all the time of the experiment,
which indicates the no formation of oxidizing radicals. Therefore, the
maximum degradation percentages for the MB dye obtained under UV
and solar irradiation were 3.8% and 5.5%, respectively, as shown by the
pink curves in Fig. 6(a) and (b).

It has been reported that perovskites and layered perovskites doped
with Nd have an enhanced photocatalytic activity for water splitting or
dye degradation [32–35]. In the case of layered perovskite tantalates
RbLnTa2O7 doped with different rare earths, the highest H2 generation
rate was obtained with the Nd dopant and it decreased following the
order: Nd> Sm>La>Pr [32]. When TiO2 has been doped with Nd3+

ions, the photocatalytic activity for the degradation of MB was en-
hanced due to the generation of a charge imbalance, which was pro-
duced by the formation of Ti-O-Nd bonds [34]. To satisfy the charge
imbalance more hydroxide ions would be adsorbed on the surface
which provoked the MB degradation. Another work reported the use of
Nd0.6Sr0.4MnO3 (NSMO) nanocomposite perovskite for the MB de-
gradation. In this material, the presence of Nd ion increased the UV and
visible light absorption by distorting the crystalline lattice of NSMO,
which enhanced its absorbance and photocatalytic activity [35]. Thus,
it is expected that the best photocatalytic activity is shown by Nd based
samples when they are under solar or UV irradiation. In our case, the
Nd-doped samples exhibited the best degradation efficiency because
they have the smallest band gap (which facilitates the excitation of
electrons from the valence band to the conduction band in the oxide
semiconductor) [36] and presented the highest absorbance, which is
the result of the formation of oxygen vacancies. The oxygen vacancies
were formed due to the lattice distortion caused by the incorporation of
the Nd and La ions (with smaller ionic radii than that of Sr) in the Sr
sites. Since the ionic radii of Nd< La, it is expected higher amount of
oxygen vacancies in the samples with Nd. We assume that our material
Sr2.7-xCaxLn0.3Fe2O7-δ present oxygen vacancies because it is very si-
milar to another material Sr3.2-xCaxLn0.8Fe1.5Co1.5O10-δ reported by our
group in a previous article, where we demonstrated that the samples
with Nd exhibited an enhancement in cathode performance in solid
oxide fuel cells compared to the samples where Ln = La or Pr. This
effect was attributed to the higher concentration of oxygen vacancies in
the samples where Ln =Nd [27]. In R-P oxides of n=2 series, oxygen
vacancies are mainly localized on the vertex shared by two FeO6 oc-
tahedra in the perovskite layer at all temperatures [24]. The oxygen
vacancies in the R-P structure increases the oxygen adsorption ability
since oxygen vacancy is the absorption center for active oxygen [37]. In
the photocatalytic reaction, the absorbed oxygen is the active oxygen
that prevents the electron-hole recombination and accelerate the pho-
tocatalytic reaction by creating some high activity ·OH radicals [38].
For the generation of these radicals, the reactive holes h+ captured by a

Fig. 8. Fluorescence spectra obtained from an aqueous solution of SCNFO or
SLFO catalyst + TA at different time (λexc=315 nm) under (a) UV irradiation
and (b) solar light. The insets show the PL emission as a function of wavelength
at different time.

Fig. 9. Effect of scavengers KI, BQ and TA on the MB degradation percentages
under UV and solar irradiation.
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surface oxygen vacancy would react with adsorbed OH- ions from
aqueous solution on the catalyst surface during a photoreaction and
form the hydroxy radicals (·OH) according to the Eqs. (3) and (4) [34].

↔ +
− +H O OH Hads2 (3)

+ → ∙
− +OH h OHads (4)

Such ·OH radicals would react with the MB dye to produce the de-
gradation. Therefore, the presence of oxygen vacancies improved the
photocatalytic activity of the Sr2.7-xCaxLn0.3Fe2O7-δ material and their
presence is more abundant when Ln =Nd. The samples with Ca
showed the highest photocatalytic activity under UV irradiation.
However, there was no significant difference in the degradation per-
centages shown by the R-P oxides under solar light.

We have detected the generation of reactive oxygen species (·OHs)
using the scavenger technique with TA in order to elucidate why the
samples doped with Nd were the best under UV irradiation. According
to literature, the TA is used as a probe for ·OH radical, since it can form
a fluorescent product named hydroxyterephthalate (hTPA) after hy-
droxylation [39]. Since our catalyst generates ·OH radicals under light
irradiation when they are dispersed in water, we expect to detect a
fluorescent emission due to the formation of hTPA when the TA is in the
water together with the catalyst (without the presence of MB). The PL
intensity is directly related with the content of ·OH radicals in water,
therefore it is possible to state that an increase of PL emission is related
with an increase of ·OH groups. Fig. 8 presents the integrated photo-
luminescence (PL) emission as a function of time of the aqueous solu-
tion which contains TA and the catalyst, this emission came from the
hTPA formed under UV or solar irradiation. We have shown here the PL
measurements of the samples SCNFO and SLFO because they were the
best and the worst samples under UV irradiation.

Fig. 8a shows that the PL emission of the SCNFO sample was higher
than that for SLFO from the beginning of the experiment, suggesting
that the production of ·OH radicals under UV irradiation was always
higher in SCNFO. The insets of Fig. 8a and b show the evolution of the
PL emission as a function of wavelength at different time for the SCNFO
sample under UV and solar irradiation, respectively. The evolution of
PL emission as a function of time in Fig. 8a indicates that the amount of
·OH radicals generated by the SCNFO sample under UV irradiation after
60min would be approximately two times higher than that of SLFO,
since the PL emission was approximately two times higher for SCNFO
with respect to that of SLFO sample. Due the higher generation of ·OH
radicals by SCNFO, the MB degradation percentage of SCNFO is higher
than that of SLFO under UV light irradiation as depicted in Fig. 6a.

When the scavenger experiment is achieved under solar irradiation,
again the sample SCNFO presented the highest values of PL as shown in
Fig. 8b. However, after 60min the difference of PL intensity between
SCNFO and SLFO samples was only 10%. This result points out that the
generation of ·OH radicals by both catalyst is comparable with time
under solar irradiation. Therefore, there is not a significant difference
between both samples to produce the degradation of MB as illustrated
in Fig. 6b. The inset in Fig. 8b shows how the PL emission increases
with time for the SCNFO sample. The PL spectra of the rest of samples
SCLFO, SLFO and SNFO had a similar trend but that spectra are not
shown here. Finally, it is worthy to mention that the integrated PL in-
tensity of the SCNFO and SLFO samples are hundreds of times higher
when they are exposed under solar irradiation, which means that the
generation of ·OH radicals is much higher when the catalysts are ex-
posed to solar light. For this reason, it can be seen from Fig. 6 that the
time to produce a complete degradation of MB was 40% lower when the
samples are exposed to solar irradiation.

The generation of reactive oxygen species (ROS) was detected with
scavengers KI, BQ and TA for the best sample SCNFO to understand
which type of oxidizing agent mostly promotes the degradation of MB
dye under solar and UV irradiation. It is well known that KI, BQ and TA
are scavengers for holes (h+), superoxide anion (O2

·-) and hydroxyl

radical (·OH) radicals, respectively [40–42]. Fig. 9 shows how the va-
lues of MB degradation percentage decreases with the type of scavenger
used. When the photocatalytic degradation is achieved with UV and
solar irradiation the MB degradation percentage follows the order:
KI> BQ> TA after 180min. This trend indicates that the main oxi-
dizing agent participating in the degradation of MB is the ·OH radical.
Thus, the generation of ROS has the following order: ·OH>O2

·- > h+.
Finally, it is worth mentioning that the values of MB degradation per-
centage were always lower under solar irradiation, suggesting that a
higher content of oxidizing agents is formed under solar irradiation
compared to UV irradiation.

4. Conclusions

The R-P oxides Sr2.7-xCaxLn0.3Fe2O7-δ have been synthesized and
investigated the effect of different lanthanides and Ca substitution for
the photocatalytic degradation of MB dye. The Nd samples exhibited a
slightly higher absorbance in the visible range, higher generation of ·OH
radicals (under solar and UV irradiation) and lower optical band gap
values compared to La based samples. A faster degradation rate was
obtained for Sr2.7-xCaxLn0.3Fe2O7-δ samples under solar irradiation
(180min) compared to UV irradiation (300min). The scavenger tech-
nique indicated that the generation of ROS has the following order:
·OH>O2

·- > h+, which means that the main oxidizing agent for the
MB degradation was the ·OH radical. Hence, the results suggest that the
layered perovskites Sr2.7-xCaxLn0.3Fe2O7-δ could be a viable option for
the degradation of contaminant dyes in water treatment plants where
the waste water is exposed to solar irradiation.

Acknowledgments

The authors acknowledge the support from CONACYT Mexico for
the grant C/2607/15/261205. The authors thank Dr. M.A. Aguilar-
González for the assistance of scanning electron microscopy.

References

[1] M.R. Hoffmann, S.T. Martin, W. Choi, D.W. Bahnemann, Applications of semi-
conductor photocatalysis, Chem. Rev. 95 (1995) 69–96.

[2] D. Chatterjee, S. Dasgupta, Visible light induced photocatalytic degradation of or-
ganic pollutants, J. Photoch. Photobio. C 6 (2005) 186–205.

[3] N. Pariona, M. Herrera-Trejo, J. Oliva, A.I. Martinez, Peroxidase-like activity of
ferrihydrite and hematite nanoparticles for the degradation of methylene blue, J.
Nanomater. 2016 (2016) 18–20.

[4] R. Dhanabal, A. Chitambararaj, S. Velmathi, A. Chandra Bose, Visible light driven
degradation of methylene blue dye using Ag3PO4, J. Environ. Chem. Eng. 3 (2015)
1872–1881.

[5] Debabrata Chatterjee, Anima Mahata, Visible light induced photodegradation of
organic pollutants on dye adsorbed TiO2 surface, J. Photoch. Photobiol. A 153
(2002) 199–204.

[6] S. Fu, H. Niu, Z. Tao, J. Song, C. Mao, S. Zhang, C. Chen, D. Wang, Low temperature
synthesis and photocatalytic property of perovskite-type LaCoO3 hollow spheres, J.
Alloy Compd. 576 (2013) 5–12.

[7] Y. Geng, P. Zhnag, S. Kuang, Fabrication and enhanced visible-light photocatalytic
activities of BiVO4/Bi2WO6 composites, RSC Adv. 4 (2014) 46054–46059.

[8] M. Ghaffari, M. Shannon, H. Hui, O.K. Tan, A. Irannejad, Preparation, surface state
and band structure studies of SrTi(1-x)FexO(3-δ) (x=0-1) perovskite-type nano
structure by X-ray and ultraviolet photoelectron spectroscopy, Surf. Sci. 606 (2012)
670–677.

[9] Y. Huang, J. Wu, Y. Wei, S. Hao, M. Huang, J. Lin, Synthesis and photocatalytic
activity of hydrated layered perovskite K2−xLa2Ti3−xNbxO10 (0 ⩽ x ⩽ 1) and
protonated derivatives, Scr. Mater. 57 (2007) 437–440.

[10] Z. Liang, K. Tang, Q. Shao, G. Li, S. Zheng, H. Zheng, Synthesis, crystal-structure,
and photocatalytic activity of a new two-layer Ruddlesden-Popper phase,
Li2CaTa2O7, J. Solid State Chem. 181 (2008) 964–970.

[11] K.T. Lee, A. Manthiram, LaSr3Fe3-yCoyO10-δ (0 ≤ y ≤ 1.5) intergrowth oxide
cathodes for intermediate temperature solid oxide fuel cells, Chem. Mater. 18
(2006) 1621–1626.

[12] Y. Huang, Y. Wei, S. Cheng, L. Fan, Y. Li, J. Lin, J. Wu, Photocatalytic property of
nitrogen-doped layered perovskite K2La2Ti3O10, Sol. Energy Mater. Sol. Cells 94
(2010) 761–766.

[13] Y. Ling, F. Wang, R.A. Budiman, T. Nakamura, K. Amezawa, Oxygen non-
stoichiometry, the defect equilibrium model and thermodynamic quantities of the
Ruddlesden-Popper oxide Sr3Fe2O7-δ, Phys. Chem. Chem. Phys. 17 (2015)

L.E. Verduzco et al. Ceramics International 44 (2018) 17079–17086

17085

http://refhub.elsevier.com/S0272-8842(18)31597-9/sbref1
http://refhub.elsevier.com/S0272-8842(18)31597-9/sbref1
http://refhub.elsevier.com/S0272-8842(18)31597-9/sbref2
http://refhub.elsevier.com/S0272-8842(18)31597-9/sbref2
http://refhub.elsevier.com/S0272-8842(18)31597-9/sbref3
http://refhub.elsevier.com/S0272-8842(18)31597-9/sbref3
http://refhub.elsevier.com/S0272-8842(18)31597-9/sbref3
http://refhub.elsevier.com/S0272-8842(18)31597-9/sbref4
http://refhub.elsevier.com/S0272-8842(18)31597-9/sbref4
http://refhub.elsevier.com/S0272-8842(18)31597-9/sbref4
http://refhub.elsevier.com/S0272-8842(18)31597-9/sbref5
http://refhub.elsevier.com/S0272-8842(18)31597-9/sbref5
http://refhub.elsevier.com/S0272-8842(18)31597-9/sbref5
http://refhub.elsevier.com/S0272-8842(18)31597-9/sbref6
http://refhub.elsevier.com/S0272-8842(18)31597-9/sbref6
http://refhub.elsevier.com/S0272-8842(18)31597-9/sbref6
http://refhub.elsevier.com/S0272-8842(18)31597-9/sbref7
http://refhub.elsevier.com/S0272-8842(18)31597-9/sbref7
http://refhub.elsevier.com/S0272-8842(18)31597-9/sbref8
http://refhub.elsevier.com/S0272-8842(18)31597-9/sbref8
http://refhub.elsevier.com/S0272-8842(18)31597-9/sbref8
http://refhub.elsevier.com/S0272-8842(18)31597-9/sbref8
http://refhub.elsevier.com/S0272-8842(18)31597-9/sbref9
http://refhub.elsevier.com/S0272-8842(18)31597-9/sbref9
http://refhub.elsevier.com/S0272-8842(18)31597-9/sbref9
http://refhub.elsevier.com/S0272-8842(18)31597-9/sbref10
http://refhub.elsevier.com/S0272-8842(18)31597-9/sbref10
http://refhub.elsevier.com/S0272-8842(18)31597-9/sbref10
http://refhub.elsevier.com/S0272-8842(18)31597-9/sbref11
http://refhub.elsevier.com/S0272-8842(18)31597-9/sbref11
http://refhub.elsevier.com/S0272-8842(18)31597-9/sbref11
http://refhub.elsevier.com/S0272-8842(18)31597-9/sbref12
http://refhub.elsevier.com/S0272-8842(18)31597-9/sbref12
http://refhub.elsevier.com/S0272-8842(18)31597-9/sbref12
http://refhub.elsevier.com/S0272-8842(18)31597-9/sbref13
http://refhub.elsevier.com/S0272-8842(18)31597-9/sbref13
http://refhub.elsevier.com/S0272-8842(18)31597-9/sbref13


7489–7497.
[14] A. Pirkarami, M.E. Olya, S.R. Farshid, UV/Ni-TiO2 nanocatalyst for electrochemical

removal of dyes considering operating costs, Water Resour. Ind. 5 (2014) 9–20.
[15] C.R. García, L.A. Diaz-Torres, J. Oliva, M.T. Romero, G.A. Hirata, Effect of Eu3+

concentration on the photocatalytic activity of LaSr2AlO5 powders, Inorg. Chem.
Commun. 59 (2015) 63–67.

[16] C.R. García, L.A. Diaz-Torres, J. Oliva, M.T. Romero, P. Salas, Photocatalytic ac-
tivity and optical properties of blue persistent phosphors under UV and solar irra-
diation, Int. J. Photoenergy 1303247 (2016) 1–8.

[17] J. Šíma, P. Hasal, Photocatalytic degradation of textile dyes in aTiO2/UV system,
Chem. Eng. Trans. 32 (2013) 79–84.

[18] X. Zhu, J. Zhou, Z. Cai, TiO2 nanoparticles in the marine environment: impact on
the toxicity of tributyltin to Abalone (Haliotis diversicolor supertexta) embryos,
Environ. Sci. Technol. 4 (2011) 3753–3758.

[19] F.H. Taylor, J. Buckeridge, C.R.A. Catlow, Defects and oxide ion migration in the
solid oxide fuel cell cathode material LaFeO3, Chem. Mater. 28 (2016) 8210–8220.

[20] H. Shen, T. Xue, Y. Wang, G. Cao, Y. Lu, G. Fang, Photocatalytic property of per-
ovskite LaFeO3 synthesized by sol-gel process and vacuum microwave calcination,
Mater. Res. Bull. 84 (2016) 15–24.

[21] H. Zhang, G. Chen, Y. Li, Y. Teng, Electronic structure and photocatalytic properties
of copper-doped CaTiO3, Int. J. Hydrog. Energy 35 (2010) 2713–2716.

[22] J. Oliva, C.R. Garcia, E. Verduzco, A.I. Martinez, A. Manthiram, K.P. Padmasree,
Enhancing the photocatalytic activity of the perovskite-based intergrowth oxide
Sr3.2La0.8Fe1.5Co1.5O10-δ with Ca substitution, Ceram. Int. 43 (2017) 14074–14081.

[23] I. Kagomiya, K. Jimbo, K. Kakimoto, M. Nakayama, O. Masson, Oxygen vacancy
formation and the ion migration mechanism in layered perovskite (Sr,La)3Fe2O7-δ,
Phys. Chem. Chem. Phys. 16 (2014) 10875–10882.

[24] A.C. Tomkiewicz, M. Tamimi, A. Huq, S. McIntosh, Oxygen transport pathways in
Ruddlesden-Popper structured oxides revealed via in situ neutron diffraction, J.
Mater. Chem. A 3 (2015) 21864–21874.

[25] L. Lutterotti, P. Scardi, Simultaneous structure and size-strain refinement by the
Rietveld method, J. Appl. Crystallogr. 23 (1990) 246–252.

[26] S.S. Arbuj, R.R. Hawaldar, S. Varma, S.B. Waghmode, B.N. Wani, Synthesis and
characterization of ATiO3 (A= Ca, Sr and Ba) perovskites and their photocatalytic
activity under solar irradiation, Sci. Adv. Mater. 4 (2012) 568–572.

[27] K.P. Padmasree, Ke-Yu Lai, W. Kaveevivitchai, A. Manthiram, Effect of Ca sub-
stitution on the electrochemical properties of the Ruddlesden-Popper oxides Sr3.2-
xCaxLn0.8Fe1.5Co1.5O10- δ, J. Power Sources 374 (2018) 249–256.

[28] Y. Huang, H. Li, M. Balogun, W. Liu, Y. Tong, X. Lu, H. Ji, Oxygen vacancy induces
bismuth oxyiodide with remarkably increased visible-light absorption and superior

photocatalytic performance, Appl. Mater. Interfaces 6 (2014) 22920–22927.
[29] H. Gerischer, A. Heller, The role of oxygen in photooxidation of organic molecules

on semiconductor particles, J. Phys. Chem. 95 (1991) 5261–5267.
[30] R. Velchuri, S. Palla, G. Ravi, N.K. Veldurthi, J.R. Reddy, M. Vithal, Metathesis

synthesis, characterization, spectral and photoactivity studies of Ln2/3MoO4

(Ln=La,˭La, Pr, Nd, Sm, Eu, Gd, Tb, Dy,Er and Y), J. Rare Earths 33 (2015)
837–845.

[31] Z. Li, J. Liu, F.-J. Zhnag, W.-C. Oh, UV and visible light photodegradation effect on
Fe- CNT/TiO2 composite catalyst, Bull. Mater. Sci. 36 (2) (2013) 293–299.

[32] M. Machida, J. Yabunaka, T. Kijima, Synthesis and photocatalytic property of
layered perovskites tantalates, RbLnTa2O7 (Ln = La, Pr, Nd, Sm) Chem. Mater. 12
(2000) 812–817.

[33] V. Stengl, S. Bakardjieva, N. Murafa, Preparation and photocatalytic activity of rare
earth doped TiO2 nanoparticles, Mater. Chem. Phys. 114 (2009) 217–226.

[34] K.M. Parida, N. Sahu, Visible light induced photocatalytic activity of rare earth
titania nanocomposites, J. Mol. Catal. A: Chem. 287 (2008) 151–158.

[35] I.A. Abdel-Latif, A.A. Ismail, M. Faisal, A.M. Ali, A.E. Al-Salmi, A. Al-Hajry, Impact
of the annealing temperature on perovskite strontium doped neodymium manga-
nites nanocomposites and their photocatalytic performances, J. Taiwan Inst. Chem.
Eng. 75 (2017) 174–182.

[36] X. Chen, S. Shen, L. Guo, S.S. Mao, Semiconductor-based photocatalytic hydrogen
generation, Chem. Rev. 110 (2010) 6503–6570.

[37] E. García-López, G. Marcì, F. Puleo, V. La Parola, L.F. Liotta, La1−xSrxCo1−yFeyO3−δ
perovskites: preparation, characterization and solar photocatalytic activity, Appl.
Catal. B. 178 (2015) 218–225.

[38] Z. Xin, Y. Qiuhua, C. Jinjin, XPS study of surface absorbed oxygen of ABO3 mixed
oxides, J. Rare Earth 26 (2008) 511–514.

[39] S.E. Page, W.A. Arnold, K. McNiel, Terephthalate as a probe for photochemically
generated hydroxyl radical, J. Environ. Monit. 12 (2010) 1658–1665.

[40] T. Zoltan, M.C. Rosales, C. Yadarola, Reactive Oxygen species quantification and
their correlation with the photocatalytic activity of TiO2 (anatase and rutile) sen-
sitized with asymmetric porphyrins, J. Environ. Chem. Eng. 4 (2016) 3967–3980.

[41] E.M. Rodríguez, G. Márquez, M. Tena, P.M. Álvarez, F.J. Beltrán, Determination of
main species involved in the first steps of TiO2 photocatalytic degradation of or-
ganics with the use of scavengers: The case of ofloxacin, Appl. Catal. B 178 (2015)
44–53.

[42] K. Ishibashi, A. Fujishima, T. Watanabe, K. Hashimoto, Detection of active oxidative
species in TiO2 photocatalysis using the fluorescence technique, Electrochem.
Commun. 2 (2000) 207–210.

L.E. Verduzco et al. Ceramics International 44 (2018) 17079–17086

17086

http://refhub.elsevier.com/S0272-8842(18)31597-9/sbref13
http://refhub.elsevier.com/S0272-8842(18)31597-9/sbref14
http://refhub.elsevier.com/S0272-8842(18)31597-9/sbref14
http://refhub.elsevier.com/S0272-8842(18)31597-9/sbref15
http://refhub.elsevier.com/S0272-8842(18)31597-9/sbref15
http://refhub.elsevier.com/S0272-8842(18)31597-9/sbref15
http://refhub.elsevier.com/S0272-8842(18)31597-9/sbref16
http://refhub.elsevier.com/S0272-8842(18)31597-9/sbref16
http://refhub.elsevier.com/S0272-8842(18)31597-9/sbref16
http://refhub.elsevier.com/S0272-8842(18)31597-9/sbref17
http://refhub.elsevier.com/S0272-8842(18)31597-9/sbref17
http://refhub.elsevier.com/S0272-8842(18)31597-9/sbref18
http://refhub.elsevier.com/S0272-8842(18)31597-9/sbref18
http://refhub.elsevier.com/S0272-8842(18)31597-9/sbref18
http://refhub.elsevier.com/S0272-8842(18)31597-9/sbref19
http://refhub.elsevier.com/S0272-8842(18)31597-9/sbref19
http://refhub.elsevier.com/S0272-8842(18)31597-9/sbref20
http://refhub.elsevier.com/S0272-8842(18)31597-9/sbref20
http://refhub.elsevier.com/S0272-8842(18)31597-9/sbref20
http://refhub.elsevier.com/S0272-8842(18)31597-9/sbref21
http://refhub.elsevier.com/S0272-8842(18)31597-9/sbref21
http://refhub.elsevier.com/S0272-8842(18)31597-9/sbref22
http://refhub.elsevier.com/S0272-8842(18)31597-9/sbref22
http://refhub.elsevier.com/S0272-8842(18)31597-9/sbref22
http://refhub.elsevier.com/S0272-8842(18)31597-9/sbref23
http://refhub.elsevier.com/S0272-8842(18)31597-9/sbref23
http://refhub.elsevier.com/S0272-8842(18)31597-9/sbref23
http://refhub.elsevier.com/S0272-8842(18)31597-9/sbref24
http://refhub.elsevier.com/S0272-8842(18)31597-9/sbref24
http://refhub.elsevier.com/S0272-8842(18)31597-9/sbref24
http://refhub.elsevier.com/S0272-8842(18)31597-9/sbref25
http://refhub.elsevier.com/S0272-8842(18)31597-9/sbref25
http://refhub.elsevier.com/S0272-8842(18)31597-9/sbref26
http://refhub.elsevier.com/S0272-8842(18)31597-9/sbref26
http://refhub.elsevier.com/S0272-8842(18)31597-9/sbref26
http://refhub.elsevier.com/S0272-8842(18)31597-9/sbref27
http://refhub.elsevier.com/S0272-8842(18)31597-9/sbref27
http://refhub.elsevier.com/S0272-8842(18)31597-9/sbref27
http://refhub.elsevier.com/S0272-8842(18)31597-9/sbref28
http://refhub.elsevier.com/S0272-8842(18)31597-9/sbref28
http://refhub.elsevier.com/S0272-8842(18)31597-9/sbref28
http://refhub.elsevier.com/S0272-8842(18)31597-9/sbref29
http://refhub.elsevier.com/S0272-8842(18)31597-9/sbref29
http://refhub.elsevier.com/S0272-8842(18)31597-9/sbref30
http://refhub.elsevier.com/S0272-8842(18)31597-9/sbref30
http://refhub.elsevier.com/S0272-8842(18)31597-9/sbref30
http://refhub.elsevier.com/S0272-8842(18)31597-9/sbref30
http://refhub.elsevier.com/S0272-8842(18)31597-9/sbref31
http://refhub.elsevier.com/S0272-8842(18)31597-9/sbref31
http://refhub.elsevier.com/S0272-8842(18)31597-9/sbref32
http://refhub.elsevier.com/S0272-8842(18)31597-9/sbref32
http://refhub.elsevier.com/S0272-8842(18)31597-9/sbref32
http://refhub.elsevier.com/S0272-8842(18)31597-9/sbref33
http://refhub.elsevier.com/S0272-8842(18)31597-9/sbref33
http://refhub.elsevier.com/S0272-8842(18)31597-9/sbref34
http://refhub.elsevier.com/S0272-8842(18)31597-9/sbref34
http://refhub.elsevier.com/S0272-8842(18)31597-9/sbref35
http://refhub.elsevier.com/S0272-8842(18)31597-9/sbref35
http://refhub.elsevier.com/S0272-8842(18)31597-9/sbref35
http://refhub.elsevier.com/S0272-8842(18)31597-9/sbref35
http://refhub.elsevier.com/S0272-8842(18)31597-9/sbref36
http://refhub.elsevier.com/S0272-8842(18)31597-9/sbref36
http://refhub.elsevier.com/S0272-8842(18)31597-9/sbref37
http://refhub.elsevier.com/S0272-8842(18)31597-9/sbref37
http://refhub.elsevier.com/S0272-8842(18)31597-9/sbref37
http://refhub.elsevier.com/S0272-8842(18)31597-9/sbref38
http://refhub.elsevier.com/S0272-8842(18)31597-9/sbref38
http://refhub.elsevier.com/S0272-8842(18)31597-9/sbref39
http://refhub.elsevier.com/S0272-8842(18)31597-9/sbref39
http://refhub.elsevier.com/S0272-8842(18)31597-9/sbref40
http://refhub.elsevier.com/S0272-8842(18)31597-9/sbref40
http://refhub.elsevier.com/S0272-8842(18)31597-9/sbref40
http://refhub.elsevier.com/S0272-8842(18)31597-9/sbref41
http://refhub.elsevier.com/S0272-8842(18)31597-9/sbref41
http://refhub.elsevier.com/S0272-8842(18)31597-9/sbref41
http://refhub.elsevier.com/S0272-8842(18)31597-9/sbref41
http://refhub.elsevier.com/S0272-8842(18)31597-9/sbref42
http://refhub.elsevier.com/S0272-8842(18)31597-9/sbref42
http://refhub.elsevier.com/S0272-8842(18)31597-9/sbref42

	Enhanced photocatalytic activity of layered perovskite oxides Sr2.7-xCaxLn0.3Fe2O7-δ for MB degradation
	Introduction
	Experimental section
	Synthesis of intergrowth oxides
	Structural, morphological and optical characterizations
	Photocatalytic measurements
	Detection of reactive oxygen species with scavengers (under solar and UV light)

	Results and discussion
	Structure and morphology
	Optical properties
	Photocatalytic activity

	Conclusions
	Acknowledgments
	References




