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A B ST R AC T
This study was conducted to investigate the use of cubic LaMnO3 nanoperovskite as a green catalyst for the degradation of an aqueous solution
of methyl orange under different conditions. Nanoscale cubic lanthanum
manganite with the particle size of ~20 nm was successfully synthesized
via citrate sol-gel method. The sample was characterized using the FT-IR
and UV-Vis spectroscopy, XRD, SEM, and TEM analyses. The particle size of
catalyst was calculated by Scherer equation using data of XRD analysis. The
calculations along with an analysis of SEM and TEM confirm the formation
of nanosized perovskite phase. The behavior of this nanocatalyst for
degradation of an aqueous solution of methyl orange was investigated at
wavelengths of 300-700 nm. The effects of the type and different amounts
of acid, the absorbent content, pH, and temperature were studied to obtain
the optimal conditions of degradation. The prepared sample shows a suitable
activity for the methyl orange degradation under dark (~90%) condition.
The solar catalytic degradation is faster and goes up to about 100% after
60 min, indicating a different reaction pathway with less activation energy.
Pre-visible-light degradation is the basis of catalytic activity of lanthanum
manganite. A parallel photocatalytic reaction, however, is an almost simpler
way to destroy the azo dyes over LaMnO3 nanoperovskite, which makes the
LaMnO3 as a proper photocatalyst for degradation.
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INTRODUCTION
Serious environmental problems are caused due
to the discharge of a large quantity of wastewater
from industries [1]. Organic substances such
as dyes in wastewater are among the sources of
environmental pollution. Increasing the availability
of procedures to control or eliminate this type of
pollution is a challenging issue in this regard.
Removal of dyes from industrial wastewaters is
done with different physical-chemical methods [2].
Aromatic azo dyes form about half of the global
dye production. The molecular structure of these
compounds contains a -N=N- bond. About 15% of
the aromatic azo dyes enter the wastewaters during
dyeing operation processes.
Photocatalytic degradation of dyes on the surface
* Corresponding Author Email: malekzadeh@du.ac.ir

of metal oxides has been intensively studied and is
known as a way to solve environmental problems
[3-4]. A large band gap restricts the use of metal
oxides such as TiO2 with many known advantages.
Utilization of solar radiation energy is limited
because a very small amount of UV radiation
reaches the earth [5]. Thus, semiconductors with
narrower band gap for harvesting the sunlight
or ones that act in the ambient conditions are
preferred. To develop more efficient catalysts,
there is an urgent need for catalytic systems, which
are able to operate effectively under visible light
irradiation or ambient conditions. In this regard,
the use of semiconductor photocatalytic visible
light has drawn much attention [6,7].
A catalytic destruction is an environment-
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friendly approach without any pollution. Choosing
a cheap catalyst with high-efficiency degradation
in normal circumstances is a big problem in this
regard. Perovskites-type oxides with the formula
of ABO3 have been extensively investigated as
catalysts for many processes [8,9]. Properties such
as non-toxicity, ease of use, and high resistance
against water, organic, acidic, and alkaline solvents
have made perovskites a suitable compound for
degradation of pollutants.
Methyl orange with molecular formula
C14H14N3NaSO3 is an example of the azo dyes.
Photocatalytic activity of lanthanum manganite,
prepared in the presence of citric acid, was evaluated
by the photodegradation of aqueous methyl orange
[10]. A well-formed perovskite structure was
obtained over synthesis of the lanthanum manganite
in the presence of citric acid [11]. The superior
oxidation catalytic performance of this substance is
attributed to its higher specific surface area, better
low-temperature reducibility, and concentration of
surface adsorbed oxygen species.
In this study, the synthesis of nanosized cubic
lanthanum manganite is reported via the solgel method using citric acid as a gelling agent.
In citrate Sol-Gel method, an organic precursor
forms through metallic cations homogeneously
distributed throughout the matrix. This synthetic
technique can be easily controlled and is more
convenient for the synthesis of pure mixed metal
oxides nanocrystallites. The spectroscopic and
technological characterization and also band gap
calculation of sample are also discussed in this work.
Further, the activity of the sample for degradation of
an aqueous solution of the methyl orange is studied
under dark (non-solar) and solar conditions. The
catalytic (non-solar) and photocatalytic (solar)
activity of LaMnO3 are a challenge. A comparison
was made to show if the dark activity of the sample
is comparable to that in the solar for degradation of
aqueous solution of methyl orange. Factors affecting
the catalytic degradation, including the amount of
catalyst, initial dye concentration, and pH of the
solution, were also investigated.
EXPERIMENT
All the materials used in our experiments were
of analytical grade and were used as received
without further purification. The LaMnO3 sample
was prepared using citrate sol-gel method [12].
Metal nitrates were used as precursors to prepare
lanthanum manganite perovskite-type oxide. First,
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equimolar amounts of metal nitrates were dissolved
in 10 mL distilled water in a beaker. Citric acid (CA)
was dissolved in 10 mL of distilled water and added
to the metal nitrates solution at room temperature.
The CA molar ratio was selected to be equal to the
total number of moles of nitrate ions. The solution
was evaporated at 80°C overnight. The spongy and
friable materials obtained were completely powdered
and subsequently dried at 160°C overnight. The
product was completely powdered and was calcined
at 700°C for 5 h.
The FT-IR spectra of the sample were recorded
in a PERKIN-ELMER FT-IR spectrometer in
the wavenumber range of 450-2000 cm-1. X-ray
diffraction (XRD) pattern of the freshly calcined
sample was recorded in a Bruker AXS diffractometer
D8 ADVANCE with Cu Kα radiation filtered by a
nickel monochromator and operated at 35 KV and
35 mA in the range of 2θ = 10-80°. Scanning electron
microscopy (SEM) was carried out using a Philips
XL30 instrument to investigate the morphology
of the samples. The particle size of the sample was
calculated by the Scherrer equations using the XRD
data and was measured by the transmission electron
microscopy (TEM) (CM120, Philips), operating
at 120 kV. The particle size of the sample was also
measured by a particle size analyzer (Cordouan
Technologies Model VASCO). The electronic
absorption spectrum was recorded by an Analytik
Jena UV–Vis spectrometer.
The degradation experiments were carried out
under dark and solar conditions. In an experiment,
20 ml of a fresh aqueous solution of methyl
orange, denoted as MO later on, with the initial
concentration of 6.5 ppm was placed in a 25 mL
round bottom flask. The catalyst was added to the
solution and the suspension was stirred. The mixture
was centrifuged at random intervals of time. About 3
mL of solution was used for the spectroscopy study.
After measurements, the solution was returned
to the mixture. The absorption was converted to
the concentration using a standard curve. The
percentage of degradation of the MO was calculated
using the following equation:
=
D%

(C 0 − C t ) ×100
C0

where C0 and Ce are the initial and time “t”
concentrations of the solution, respectively. The pH
of the mixtures was adjusted using a dilute solution
of nitric acid and sodium hydroxide. The hydrogen
peroxide and air bubbling were used to study the
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effect of the oxidant on degradation. For comparison,
a blank run was carried out without catalyst for all
degradation studies.
RESULTS AND DISCUSSION
Catalyst characterization
The physical properties of the catalyst sample
were determined by SEM, XRD, FT-IR, and electron
absorption spectroscopies methods. FT-IR spectra
of the crystal sample are shown in Fig. 1a. The band
related to 616 cm-1 associates with vibrations mode
of Mn-O-Mn or Mn-O bond [12-14]. A shoulder at
580 cm-1 and a peak at 490 cm-1 can be related to a
tilted cubic structure, i.e., rhombohedral, and Mn3O4
crystals, respectively. Besides, the peak of 1384 cm-1
is related to the asymmetric elongation of O-C-O
vibration. Hence, it is suggested the presence of a
tetragonal carbonate (La2CO5 (La2O2CO3)) in the
sample.
Lanthanum manganite structure consists of a
close-packed LaO3 lattice with Mn in the octahedral
sites of oxygen (O6) [15]. Fig. 2 shows the wideangle XRD pattern of the as-prepared lanthanum
manganite sample and the used one after degradation
study. The data were analyzed using a commercial
X-pert package and FULLPROF program. The
diffraction peaks match with the X-pert high score
PDF (code: 01-075-0440), indicating the formation
of a cubic LaMnO3 perovskite phase with a space
group of Pm-3m and a = 3.8800 Å cell parameter. A
FULLPROF analysis distinguishes it with a = 3.8723
Å corrected perovskite. Despite observation of the
carbonate and metal oxide in the FT-IR analysis, no
diffraction peaks were assigned to such impurities.
In this regard, the XRD data was matched with the
Fig. 1:

a

formation of a single phase perovskite. The absence
of carbonate species identified in FT-IR study in
XRD spectrum can be related to less amount of nonperovskite species in the sample. Results show that
the perovskite structure remains unchanged after
degradation. The small displacement of the catalyst
peak position used in comparison to the newly
created is related to the symmetry change during the
degradation. Data of the XRD were used to calculate
the crystallite size of the perovskite phase. It was
calculated to be ~22 nm using the Scherrer equation
(Eq. 1) [14].
𝐷𝐷 =

𝑘𝑘 ∙ 𝜆𝜆
𝛽𝛽 ∙ 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐

				

(1)

The SEM and TEM micrographs, particle
size distribution histograms obtained according
to the TEM result, and result of PSA analysis of
the prepared sample are presented in Fig. 3. The
surface characterization of sample was performed
using SEM micrographs. The sample contains
particles with a rather spherical shape. The citric
acid prevents agglomeration of the particles to
a large extent [11,12], due to releasing of a large
amount of gaseous species during the combustion
of citric acid used in the preparation process at high
temperature. The morphology and particle size of
sample were investigated by TEM which shows the
same morphology as the SEM image with an average
primary particle size around 20 nm. The results are in
close agreement with those of Scherrer equation and
XRD line profile. The particle size distribution (PSD)
of sample (Fig. 3) was obtained using the cumulants
method. It is related to a dispersed sample in water.
The mean diameter of sample is followed to be ∼16
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b

Fig. 1. The infrared spectrum of the prepared crystalline LaMnO3 sample (a) and the used one after degradation (b).
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Fig. 2. The XRD patterns of the fresh and used samples and their Rietveld analysis. The circle signs represent the raw data. The solid
line represents the calculated profile. Vertical bars indicate the position of Bragg peaks for the cubic LaMnO3 sample. The lowest curve
2
is the difference between the observed and the calculated patterns.

nm. Based on the results, the prepared lanthanum
manganite is entirely within the nanoscale domain.
The particle size, obtained from particle size
analyzer, is similar to the calculated particle size
from XRD analysis and TEM study. Result shows
that the highest percentage of PSD is around 13 nm.
Fig. 4 shows the UV-Visible absorption spectra
4

and plot of band gap for the prepared sample.
The band gap energy was calculated using Tauc’s
equation (Eq. 2).
(αhν)n = B·(hν – Eg) 			

(2)

where α is absorption coefficient, hν is photon
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Fig. 3. SEM and TEM micrographs, PSD and size distribution histograms of the prepared crystalline sample.

Fig. 4

Fig. 4

Fig. 4. UV-Vis spectrum and plot of the Tauc’s equation for the prepared crystalline nanoparticles.

energy, Eg is band gap energy, B is a constant
relative to the material [16]. The exponent “n”
denotes the nature of the transition; this exponent
is 2 for directly allowed transitions. The band gap of
prepared nano-lanthanum manganite sample was
calculated to be 2.2 eV (565 nm).
Catalytic and Photocatalytic activity
Dyes are an important class of pollutants. They
Nanochem Res 4(1): 1-10, Winter and Spring 2019

have a synthetic origin and a complex molecular
structure making them more stable. Dyes cause
some difficulties when enter into the water; they
3
are not easily biodegraded. The photocatalytic
activity of the LaMnO3 sample was evaluated by
the photodegradation of aqueous methyl orange
exposed to visible light in 38°C [10]. In the present
study, the effect of parameters such as acid, pH,
adsorbent values, temperature, and oxidant toward
5
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Fig. 5. Electronic absorption spectrum of a 6.5 ppm aqueous solution of MO (a) and an acidic one at pH = 3.1 (b).

Fig. 6

Fig. 6. Degradation of a 6.5 ppm aqueous solution of MO over LaMnO3 catalyst in the presence of different acids. Blank runs (absence
of catalyst) are also included.

catalytic, as well as photocatalytic degradation of
measured to be 6.4. The bands at 273 and 464 nm
an aqueous solution of MO over LaMnO3 nano
in the electronic absorption spectrum of a fresh
perovskite were studied under darkness and solar
aqueous solution of MO are associated with the
conditions. The aim of the present study was to
azo bond (-N=N-) (Fig. 5a). The visible region
compare the conditions and determine the root of
band of the aqueous solution of MO at 464 nm
catalytic activity in MO destruction. Azo methyl
was used to monitor the reactivity of LaMnO3
orange dye is a chemically stable material which is
nano-perovskite for the degradation of MO under
not easily decomposed. [17]. This colored organic
different conditions.
complex with a molar mass of 327.33 g/mol is used
as an acid-base indicator. Methyl orange is a weak
Effect of pH
acid with pKa = 3.7. Its color varies from 3.1 to 5
the pH is an important parameter in controlling
4.4 in the range of pH. Fig. 5 shows the electronthe adsorption of species on the solid surface. Here,
absorption spectra of 6.5 ppm aqueous solution of
the effect of the different acids on acidification of
fresh and acidic MO in the range of 200-650 nm.
the aqueous solution of MO was studied. The results
As expected from the calculation, the pH of a 6.5
of degradation were compared with a reference.
ppm orange colored aqueous solution of MO was
In spite of an almost similar degradation in the
6
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presence of the hydrochloric- sulfuric acids and
nitric acid, the results showed that nitric acid has
the lowest degradation in the absence of a catalyst
(Fig. 6). Accordingly, a 0.1 N nitric acid was used
for acidifying the solutions.
The optimum degradation pH was obtained by
studying the absorbance band of the visible region
of a fresh 6.5 ppm MO solution (464nm) versus pH
(Fig. 7). A redshift, accompanied by an increase
in the intensity, was observed with a decrease in
pH (Figs. 5b and 7). By acidifying a fresh 6.5 ppm
of MO solution, the visible absorption band was
displaced from 464 nm to 508 nm. The maximum
redshift occurred at pH < 3.3 and was about 44 nm
at pH = 3.1. The peak intensity of a 6.5 ppm acidic
solution of MO (pH = 3.1) was about twice as

high as the original solution (pH = 6.4). Thus, the
degradation studies were carried out at pH = 3.1.
The prepared adsorbent was characterized for its
pH of the point of zero charges (pHpzc). It is another
important parameter that can be used in the
interpretation of the pH effect on degradation. The
“pzc” is a concept associated with the adsorption
phenomenon describing the conditions at which
the electric charge density on the adsorbent surface
is zero and it can be determined using pH Drift
Method [18]. Thus, the pHpzc is the pH at which
the surface of the catalyst is neutral. According
to the results of Fig. 8, the pHpzc of adsorbent was
detected to be 3.2. It means that at pH less than 3.2,
the surface of LaMnO3 is positively charged and is
more susceptible to the electrostatic attraction of

Fig. 7:

Fig. 7. Changes in position and intensity of the visible region spectrum (λmax = 464 nm) for a 6.5 ppm aqueous solution of methyl
orange with pH.

Fig. 8:

pHpzc

Fig. 8. Determining of the pHZPC of LaMnO3 catalyst.
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anionic species such as methyl orange. The result of
pHpzc confirms that the selected pH at 3.1 is suitable
for degradation study over the prepared sample.
In Fig. 9, the results of the MO aqueous solution
degradation together with prepared nano-catalyst
at different pHs are shown. As seen in Fig. 9, in
MO aqueous solution, no degradation occurs in
6.7 and 10.5 pHs and the effective pH is acidic
(pH ≤ 3.1). Therefore, this evaluation confirms the
results of the test, which indicated the effect of pH
on the electron absorption spectra of MO aqueous
solution (Fig. 7) and the study of pHpzc (Fig. 8).
The effect of catalyst amount
The degradation of MO aqueous solution on
LaMnO3 nono-perovskite with different amounts
of nano-catalyst at pH 3.1 was evaluated under
darkness and solar conditions (Fig. 10). As seen in
Fig. 10, the degradation of azo MO dye is increased
by increasing the nano-adsorbent. As a result,
degradation shows an ascending trend [19]. It should
be noted that by increasing the amount of adsorbent
over 10 mg- 10-50 mg nano-catalyst- no significant
difference was observed in the degradation rate of
MO aqueous solution on LaMnO3 nono-perovskite.
Hence, 10 mg was considered as the optimal dose
for nano-catalyst. Accordingly, given the constant
degradation rate of MO aqueous solution on LaMnO3
nano-particles with more than 10 mg catalyst in
darkness, it is not possible to relate the constant
degradation rate of MO under the solar condition to
light scattering by suspension [20]. This observation
is under review. Also, the constant amount of
Fig. 9:

degradation on LaMnO3 nanoparticles with more
than 10 mg catalyst in the darkness and solar
conditions suggests that the capacity of the LaMnO3
nanoparticles prepared in this study is limited to the
MO adsorption. Producing the nanoparticles with a
higher surface and higher acceptance capacity is also
under consideration.
Temperature effect
The performance of the LaMnO3 nanoperovskite in the degradation of 6.5 ppm methyl
orange aqueous solution was investigated at pH
= 3.1 and under different darkness and solar
conditions at temperatures of 0, 25 and 50°C
(Fig. 11). The results show that LaMnO3 nonoperovskite can degrade MO in an acceptable
level (60% ~) even in dark conditions and at 0°C.
Degradation under sunlight and at around 0°C is
about 87%. Similar trends were observed for the
MO degradation using LaMnO3 nano-perovskite
in different darkness and solar conditions at
temperatures of 25°C and 50°C. The destruction of
MO under the solar conditions at 25°C and 50°C is
more than 96% while in the darkness, it is less than
90%. The results indicate that although the LaMnO3
nano-perovskite has an acceptable performance in
the degradation process even in darkness and 0°C,
the solar condition is a more appropriate route
for degradation. Accordingly, the LaMnO3 nanoperovskite has a dual function, catalytic activity,
and better photocatalytic activity. In other words,
its activity to degrade azo dye of methyl orange has
an active and suitable path to free light.

Fig. 9. Degradation studies of a 6.5 ppm aqueous solution of methyl orange over LaMnO3 catalyst at different pHs under darkness
condition at 25°C. The pH of the solution was adjusted by addition of dilute solution of HNO3 or NaOH.
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Fig. 10. Effect of the adsorbent amount over degradation of MO (20 mL solution of 6.5 ppm MO, pH = 3.1, t = 60 min).

Fig.11:

Fig. 11. Results of methyl orange destruction under darkness (D) and solar (S) conditions after 60 min. The studies were carried out
using 6.5 ppm aqueous solutions of methyl orange at pH = 3.1 and in the presence of 10 mg catalyst at 0, 25 and 50°C. The numbers
that follow “D” and “S” are related to the temperature of degradation. Blank runs, samples without a catalyst, are also included.

The effect of electron receptors
This effect was evaluated by adding H2O2 to the
or slow air bubbling of the blank solution or the
reaction mixture. No changes were observed in the
electron absorption spectrum or the degradation
rate of MO solution during these experiments. The
results show that the presence of an oxidant has no
10
effect on the catalytic or photocatalytic degradation
reaction of MO.
Catalyst reuse
Catalytic reuse is of great importance for
industrial applications. After each catalytic
reaction, the LaMnO3 nanoparticles were separated
from the solution, washed with acetone and diethyl
ether and then dried at 150°C for 2 hours. The
results showed a slight decrease in catalytic activity
after each use of LaMnO3 nanoparticles. This
reduction in catalytic activity can occur due to
the poisoning of active sites, agglomeration of the

catalyst particle, or its phase transformation [21].
The catalytic reduction rate after four times use can
be ignored.
The results of FT-IR spectroscopic of LaMnO3
nanocatalyst after catalytic and photocatalytic
testing are shown in Fig. 1b. The broadband of 616
cm-1, which is attributed to the vibration of the
Mn-O octahedral MnO6 nanoparticle structure,
appears more symmetrical [14]. The lack of MO
peaks in the FT-IR spectrum of the sample after
catalytic and photocatalytic testing indicates the
degradation of methyl orange and desorption
of degraded species from nano-perovskite,
respectively. The results show that nano-lanthanum
manganite is an effective catalyst and photocatalyst
for degradation of MO. The symmetry of the 616
cm-1 peaks of the used sample can be attributed to
a more ideal (more symmetrical) cubic structure
that was shown to be a distorted cubic structure

Nanochem Res 4(1): 1-10, Winter and Spring 2019
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(somewhat rhombohedral) for the fresh sample.
It seems that by progressing the reaction, the
prepared LaMnO3 nano-catalyst is becoming more
symmetrical. The results are in line with XRD
analysis. This structural change and its impact on
the catalytic activity are under review.
CONCLUSION
Distorted cubic nano perovskite of lanthanum
manganite (LaMnO3) with a space group of Pm-3m
and cell parameter a = 3.88 Å can be prepared via
the calcination of a xerogel at 600°C. A corrected
cell parameter of a = 3.87 Å was obtained using
the FULLPROF analysis. Xerogel was obtained
by the citrate sol-gel method using metal nitrate
and sequential drying at 80°C and 150°C. The
synthesized nano lanthanum manganite shows
an acceptable activity for azo methyl orange
degradation under no-light conditions. Although
a free-light degradation is the starting point of
catalytic activity of lanthanum manganite, the
degradation of the solar condition is comparable to
the destruction of darkness.
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