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Abstract: Herein, we describe the synthesis of CaThOs; and SrThO; through the sol-gel method.
Further, we have performed a detailed investigation into the structural, morphological, optical,
electrical, and photocatalytic properties of the as-prepared MThOs (M = Ca and Sr) distorted Perovskite
nanoparticles. Powder X-ray diffraction (PXRD) analysis confirmed the cubic crystal structure of the
distorted perovskite, with further Rietveld refinement revealing the cubic crystal structure. The average
crystallite sizes estimated by the Debye-Scherrer equation were 4.21 nm and 4.10 nm for CaThO3 and
SrThO;3, respectively. Scanning electron microscopy (SEM) studies reveal that the surface morphology
of the as-prepared materials has an irregular shape, primarily due to the large amount of gas evolved
during synthesis. Complex modulus dielectric analysis further elucidated the material's behavior,
demonstrating changes in the real and imaginary parts of the dielectric modulus with frequency. The
study also examined alternative current (AC) conductivity, with Jonscher's power law fitting revealing
frequency-dependent conductivity behavior. Furthermore, optical absorbance studies revealed charge
transfer bands in the UV-Vis-NIR range, with Kubelka-Munk analysis indicating estimated bandgaps
of 42 and 4.1 eV for CaThO3 and SrThO3, respectively, consistent with their wide bandgap
semiconductor nature. In addition, both CaThOs; and SrThO; perovskites exhibited photocatalytic
activity against methylene blue dye under tungsten halogen lamp irradiation, with significant reductions
in dye concentration observed over 60 minutes.
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1. Introduction

The sol-gel process is a low-temperature and cost-effective technique. Furthermore,
such techniques control the chemical composition and concentration of dispersed dopants. This
process enables better control over all the reactions involved in the synthesis of solids. Further,
sol—gel method is useful for the fabrication of functional materials, such as photocatalysts,
nonlinear optical materials, ferroelectrics, and superconductors [1]. Thorium is a promising
element with significant applications, particularly in nuclear fuels, due to its ability to undergo
nuclear fission and generate energy [2]. Additionally, thorium has been utilized for its
photocatalytic properties [3]. Thorium, being a perovskite, has led some researchers to propose
the use of perovskite oxides in various fields, including H2 separation, O2 separation, fuel
cells, supercapacitors, solar cells, membrane reactors, water splitting, H2 production, and the
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reduction of carbon dioxide, methane, and environmental remediation. Perovskite oxide
materials are considered promising photocatalysts for several potential photocatalytic
applications due to their promising characteristics, such as compositional flexibility, excellent
electronic, optical, magnetic, and overall resistance to photo-corrosion, as well as good thermal
stability properties [4]. These properties are expected to enhance their desirable photocatalytic
activity and high stability [5]. Among 2346 theoretically estimated single perovskite oxide
structures, 265 have been successfully prepared. In this perspective, various single perovskite
oxides, such as SrTi03, KTaOs3, NaTaO3;, KNbOs, and NaNbOs, have been reviewed, and it has
been reported that their morphologies and surface properties strongly influence their
photocatalytic activities [6]. Furthermore, the photocatalytic properties of these materials have
demonstrated numerous applications in the field of solar-driven photocatalytic Hydrogen
Evolution Reaction (HER) [7]. Recent studies on the progress of single perovskite oxides
ABOs-based photocatalysts, perovskite materials, and SrTiOsz-based photocatalysts for use in
HER via water splitting were also reviewed [8]. The greatest advantage is that the chemical
and physical properties of the materials obtained by the sol-gel method are related to the
experimental conditions applied.

Thorium, when combined with strontium (strontium thorium oxide), where strontium
oxide is a white crystalline solid, and thorium is a refractory material with a high melting point
of approximately 3300°C (5972) [9]. Thorium is used as a form of nuclear fuel in some
experimental and research reactors [10]. It helps in achieving better thermal properties and
stability [11]. For the first time, the synthesis of StThO3z by a conventional solid-state route
was reported in 1947 by Mary-Szabo [12]. Where SrThO; compounds fall under the category
of “Perovskites” [13]. Despite being a nuclear fuel, it is also used in the production of specialty
glasses and ceramics, as it acts as a flux, which helps lower the melting point of the material
during manufacturing [14]. Additionally, it helps to maintain the thermal and mechanical
strength of the final product [15]. On the other hand, thorium, when combined with calcium to
form calcium thorium oxide, exhibits a Goldschmidt tolerance factor of 0.74, which falls under
the orthorhombic or rhombohedral structure [16]. Both SrThO3; and CaThOs; exhibit good
catalytic properties [17]. The presence of thorium oxide in combination with Ca and Sr can
create active sites on the surface of the compound, allowing for a catalytic reaction [18]. Due
to its nature, it has been utilized in various chemical reactions, including the oxidation of
pollutants and the synthesis of chemicals. Additionally, this type of perovskite exhibits various
electronic properties, including insulating, semiconducting, or even metallic behavior [19].
Hence, they are used in electronic devices and sensors [20]. As the world actively seeks suitable
and reliable energy technologies to meet increasing energy demand and global climate goals,
these thorium compounds are of greater importance [21].

In view of the above fact, we herein report the synthesis, structure, morphology, optical
properties, electrical characteristics, and photocatalytic performance of SrThO3; and CaThO3
perovskite structures.

2. Materials and Methods

2.1. Experimental.

Calcium Thorium, produced by Avra Synthesis Pvt Ltd, is available in a 500 g pack
size with a purity of approximately 95%. Thorium nitrate pentahydrate, from Isochem
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Laboratories, is available in a 25 g pack size with a purity of approximately 99%. The PXRD
measurements were conducted on an X-Pert Pro diffractometer at ambient temperature using a
Cu—Ka radiation source, and the results were collected over the 20 range of 10° to 80°. The
absorption studies were performed on a UV-1800 spectrophotometer (Shimadzu, Japan).

2.2. Synthesis of MThO3; (M = Ca and Sr).

The CaThO3 and SrThO3 nanoparticles were prepared using the sol-gel method [22].
Reagent-grade chemicals were used without further purification. Calcium hydroxide (I mM)
was mixed with thorium pentahydrate (0.5 mM) in deionized water (100 mL). To this, citric
acid (9.6 g) was added, and the reaction mixture was stirred for 1 hour at room temperature,
maintaining a pH of ~6 with the addition of an ammonia solution. The resulting pale-yellow
solution was then stirred continuously at 60 °C until it formed a transparent, sticky gel. The gel
was dried in a hot air oven at 200°C for 1 hour, which led to the formation of a lightweight,

porous material due to the significant gas evolution. It was then sintered at 850°C for 4 hours

to obtain a fine, homogeneous, dense powder.

2.3. Photocatalytic applications.

The synthesized CaThOs and SrThOs3 nanoparticles were tested for photocatalytic
activity by degrading the methylene blue (MB) dye, performed at room temperature.
Photocatalytic tests were performed under 150W tungsten halogen lamps as the light source.
Distilled water was utilized to make the MB solution. Then, 50 mg of nanocatalyst was added
to 80 mL of the MB solution, followed by stirring to ensure a homogeneous dispersion. The
solution was then placed in the photoreactor at a distance from the 150W light source. At
specific time points (0, 10, 30, and 50 minutes), portions of the solution were taken and
centrifuged at 5000 rotations per minute for 5 minutes. The resulting solutions were further
analyzed using a UV—visible spectrophotometer to investigate the photocatalytic process in
more detail.

3. Results and Discussion

3.1. Powder X-ray diffraction studies.

The identification of the phases, lattice parameters, average crystallite sizes, and
structural analysis of the nanoparticles were obtained using PXRD investigation [23]. The
PXRD was indexed to the orthorhombic crystal perovskite system [24]. The experimentally
observed and refined simulated XRD patterns are displayed in Figure 1. Most significant peaks
from the experimentally observed pattern match the simulated pattern [25]. The size of
crystallites in a compound was determined by analyzing the peak width of the XRD pattern. A
broad and strong PXRD pattern indicates the formation of nano-sized crystallites. The Debye-

Scherrer equation, as shown below, was used to calculate the crystallite size [26].

__ KABhkl
" Cosf (1)

Where D is used to indicate the crystallite size, K is employed as the symbol for the
Scherrer constant, A specifies the Cu K, radiation wavelength, B represents the FWHM value,
and 6 marks the Bragg angle. Based on the above methods, the average crystallite sizes of
CaThO3 and SrThO3 nanoparticles were 73.5 nm and 118 nm, respectively (Tables 1 and 2).
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Figure 1. Powder X-ray diffraction of the MThO3 (M=Ca, Sr) compared with the simulated pattern.

Table 1. Particle size of the CaThOs; nanoparticles synthesized by sol-gel synthesis.

Pos. [°2 Th.] FWHM Left [°2 Th.] Size (nm)
27.7123 1.4170 60.42
31.9503 1.2595 68.65
45.6128 1.1021 81.82
54.2893 1.25951 74.17
73.6317 1.2595 82.45

Average Crystallite Sizes 73.502

Table 2. Particle size of the SrThO3 nanoparticles synthesized by sol-gel synthesis.

Pos. [° 20] FWHM [°20] Size (nm)
20.4846 0.4723 178.85
25.1875 0.4723 180.34
27.5430 1.2595 67.95
31.7585 1.4170 60.99
36.4933 0.6298 138.98
45.7805 0.9446 85.53

Average Crystallite Sizes 118

3.2. Surface morphology studies.

The surface morphology and quantitative elemental composition of the sample were
analyzed using scanning electron microscopy (SEM) images and energy-dispersive X-ray
spectroscopy (EDS) analysis. Figure 2 presents SEM images and an EDX profile, showcasing
the surface morphology at varying magnifications (20 pm, 3 um, 2 um, and 1 pm) and different
randomly selected locations, as well as the elemental composition of StThO; nanoparticles.
We observe a heterogeneous picture, where particles of quite large size (1-20 um) are mixed
with smaller, undefined fragments. However, in a larger magnification picture (20 pm), it is
apparent that each particle is indeed formed by an agglomeration of many smaller grains of
typically 0.5-1 um. Furthermore, we assume that these individual grains, like particles, are
monocrystalline in nature, providing a sufficiently large diffraction domain that accounts for
the significant crystallinity of the as-prepared material, as observed by neutron and X-ray
synchrotron diffraction techniques.
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Figure 2. SEM images and EDX- profile, along with the quantitative analysis of SrThO3 nanoparticles.
3.3. Impedance spectrum analysis of MThO; (Ca and Sr).

Impedance is a parameter that contains the resistive and reactive components. The
impedance is plotted with log frequency on the X-axis and Z (real part) on the Y-axis. The
study of impedance spectroscopy plays a significant role in analyzing the electrical
characteristics of the homogeneous structure of the material. This method also helps us to
distinguish between the insulating and conducting parts of the material. Figure 3 displays the
frequency-dependent real component of the impedance Z' versus the frequency plot at room
temperature. The real component of the impedance exhibits distinct behavior depending on the
frequency range. At low frequencies, until 7.7x10"3, the real part of the impedance decreases
rapidly from 5x10°® to 2.5x10"% as the frequency increases, then the frequency gradually
decreases. This can be explained by the increase in AC conductivity due to the higher mobility
of charge carriers and the decrease in the concentration of trapped charges. At higher

frequencies, the Z' curves approach a flat line, suggesting the potential release of space charge
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polarization and subsequent reduction in barrier features within the material, as well as
increased conductivity. This is inversely proportional to the frequency-dependent impedance
spectral response, indicating that the study materials belong to the capacitive class. At the lower
range, the sudden decrease is also associated with the relaxation processes being more accurate
at lower frequencies for this material, as indicated by the behavior of the imaginary component
of the impedance, Z". By understanding the imaginary impedance (Z”) spectra of the sample,
we can acquire insights into the behavior of capacitor relaxation processes in materials [27].

2.5x10°
5X106 CaThO3 CaThO3
4x10° 2.0x10°
N 3x10° .
N 1.5x10°
2x10°
. 1.0x10°
1x10
0.0 3.0x10° 6.0x10° 9.0x10’ 0.0 5.0x10° 1.0x10*
Frequency (Hz) Frequency (Hz)
1.6x10°{ STThO, 1.6x10°
1.4x10° 1.6x10°{ SrThO3
N 1.2x10° N 1.5x10°
1.0x10° 1.5x10°
J 1.4x10° v v
8.0x10 2.0010° 2.0010° 4.0x10 8.0x10
Frequency(Hz) Frequency (Hz)

Figure 3. Frequency-dependent real and imaginary parts of the impedance spectra of the CaThOs (top row)
and SrThO; (bottom row).

3.4. Optical absorbance studies.

Figure 4 depicts the UV—Vis—NIR diffuse reflectance spectra (DRS) of CaThO3 and
SrThOs, which were attained in the range of 200-800 nm. In DRS, a strong broadband was
seen in the range of 300—-500 nm. This band is related to the charge transfer band (CTB), which
is a band that transfers charge from the O* ligand to the Th*"/Sr?* ions in the host lattice [28].
The optical bandgap energy is generally determined from measured diffuse reflectance spectra,
which can be transformed into the corresponding absorption spectra by applying the Tauc plot
(Equation 2) and the Kubelka—Munk equation (Equations 3 and 4). Although the K-M plot and
the Tauc plot both evaluate the interaction between light and materials, the K-M plot is superior
when it comes to materials that are opaque or scatter light and homogenous samples. When
compared to Tauc plots, K-M plots are less susceptible to the effects of scattering and provide
a more comprehensive picture since they consider both the effects of absorption and scattering.
Because of this, K-M is a more suitable option for comprehending the entire light interaction
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in samples of this kind. The optical bandgap of the materials was estimated using the Kubelka—
Munk equation.
(ahv)'/Y = B (h9 — E,) )

FR-KSFR ==L

Replacing the a with F(R) in equation 2 it will become
(F(R) * hv)/Y = B (h9 — E,) (4)

where h denotes the Planck constant, v represents the frequency of the photon, Eg
signifies the band gap energy, and B is a constant. The y factor has a different value for the
direct and indirect transition band gaps are 1/2 or 2, respectively, and is contingent upon the
characteristics of the electron transition. The calculated bandgaps of CaThO3 and SrThO3
materials are found to be 4.2 eV and 4.19 eV, respectively, indicating that these materials
belong to the wide bandgap semiconductor category.

120
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3 o 300
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Energy Gap (eV)

Wavelength (nm)
Figure 4. DRS spectrum at room temperature and (b) Kubelka-Munk bandgap of the CaThOs (top row),
SrThOs (bottom row).

3.5. Photocatalysis studies.

The synthesized MThO3 nanoparticles were tested for photocatalytic activity by
degrading the methylene blue (MB) dye. Photocatalytic investigations of the as-prepared
material were performed under a 150W tungsten halogen lamp as the light source. The MB
solution was the target pollutant, with as-prepared nanoparticles acting as the catalyst. At
different time intervals (0, 20, 40, and 60 minutes), portions of the solution were taken and
centrifuged at 5000 revolutions per minute for 20 minutes. It is remarkable to note that 50% of
the reduction was absorbed within 60 minutes due to the wide band gap of the materials. The

https://nanobioletters.com/ 7 of 11


https://doi.org/10.33263/LIANBS143.190
https://nanobioletters.com/

https://doi.org/10.33263/LIANBS143.190

resulting solutions were further analyzed using a UV—visible spectrophotometer to investigate
the photocatalytic process in more detail. The absorbance spectra of the photocatalytic dye
degradation of the materials are shown in Figure 5.

Absorbance

500 600 700 800

Wavelength(nm)
Figure 5. Photocatalysis (b) photocatalytic efficiency of the SrThO3 nanoparticles.

4. Conclusion

To summarize, we have conducted a comprehensive investigation into the structural,
morphological, optical, electrical, and photocatalytic properties of MThO3 (M = Ca, Sr)
distorted Perovskite nanoparticles. Powder X-ray diffraction analysis confirmed the cubic
crystal structure of the distorted perovskite, with further Rietveld refinement revealing a cubic
crystal structure with the F-423 space group for the studied distorted Perovskites. Surface
morphology confirms that the irregular shape of the particles is due to a large amount of gas
evolution during synthesis. The study also examined AC conductivity, with Jonscher's power
law fitting revealing frequency-dependent conductivity behavior. The correlation between
crystal structures and mechanical properties of molecular crystals, facilitated by advanced
techniques, has provided insightful information on molecular conformation and crystal
packing. Furthermore, the construction of an energy framework based on intermolecular
interaction strength has provided a wealth of information on crystal structure, including the
identification of active slip planes. Optical absorbance studies revealed charge transfer bands
in the UV-Vis-NIR range, with Kubelka-Munk analysis indicating estimated bandgaps of 4.2
and 4.1 eV for CaThO3 and SrThO3, respectively, consistent with their wide bandgap
semiconductor nature. Photocatalysis studies evaluated the materials' efficacy in degrading
methylene blue dye under tungsten halogen lamp irradiation. Both CaThO; and SrThO3
perovskites exhibited photocatalytic activity, with significant reductions in dye concentration
observed over 60 minutes.
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