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Abstract: The synthesis of a novel nanoparticle BaPbCe20Oy, utilizing co-precipitation method is carried under
controlled conditions. Structural and morphological properties of the as synthesized material are meticulously
characterized through various analytical techniques like X-ray diffraction (XRD), field-emission scanning
electron microscopy (FE-SEM) etc. Furthermore, we investigated the impact of calcination temperature on the
morphology of the nanomaterial. UV-Vis spectroscopy revealed a peak absorbance at 192 nm, with an optical
bandgap estimated to be 2.32 eV. Subsequently, the synthesized nanoparticles (NPs) are then employed as
catalyst for the photodegradation of malachite green (MG) dye. A systematic Kinetic investigation is
conducted to extract maximum degradation conditions. Remarkably, BaPbCe,O; exhibited significant
degradation efficiency, achieving approximately 89% degradation within a 20 minute time frame. Optimal
degradation performance was attained at pH 10.0, catalyst dosage of 0.18 g, initial dye concentration of
1.4x10* moles/Litre accompanied by a light intensity of 1960 mW/cm?. Moreover, we assessed the
recyclability of the photocatalyst up to five cycles with negligible loss in weight and efficiency. These
findings underscore the potential of BaPbCe.O7 nanoparticles as promising photocatalyst for the treatment of
water contaminated with specific concern to organic dye.

Keywords: Photocatalysis, Photodegradation, Coprecipitation, Dye degradation, Water treatment.

1. Introduction
The direct discharge of hazardous organic contaminants from textile industries into water bodies poses a
serious environmental concern worldwide [1, 2]. Among these contaminants, textile dyes constitute a
significant portion of organic pollutants and even a minor release of these dyes can severely impact both
human health and aquatic ecosystems [1-3]. One such dye is malachite green which is a triphenylmethane
basic dye, readily soluble in water that possesses antimicrobial properties [4], used to dye silk, cotton, leather,
wool and paper and it is also employed as a fungicide and disinfectant in the fish farming industry [5].
Malachite green is environmentally persistent and acutely toxic to a wide range of aquatic and terrestrial
animals. Also it is highly cytotoxic to mammalian cells [6]. This dye is characterized by a complex molecular
structure, high stability, non-biodegradability and high resistance to light and oxidizing agents [4]. In recent
nanotechnology breakthroughs, metal oxide nanoparticles (NPs) have become crucial for various
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technological applications, including sensors, photocatalysis, antibacterial treatments, anticancer therapies,
energy storage and environmental remediation [7]. Among different metal oxide NPs, titanium dioxide
(TiO2), tin dioxide (SnOy), zinc oxide (ZnO), copper oxide (CuO) and barium oxide (BaO) have been
extensively studied for their potential in environmental and biomedical applications [8,9]. BaO NPs, with
distinct characteristics such as a highly reactive surface, a broad bandgap, narrow

emission and strong electrical conductivity, find applications in crown glass production, humidity sensors
and photocatalysis, in medical and pharmaceutical fields, diagnostic imaging, orthopedic medicines, in-vitro
apoptosis and DNA damage studies [10,11,12]. Furthermore, BaO NPs are attractive candidates for efficient
photocatalytic applications due to their high surface-to-volume ratio, superior oxygen adsorption capability,
wide availability and cost-effectiveness [13]. Metal and metal oxide nanoparticles are commonly used in the
industrial applications because of having optical, electronic, mechanical, magnetic, biomedical, sensory and
catalytic properties [14, 15]. Lead oxide (PbO) is recognized as an important industrial material that can be
used in batteries, composite electrode, optical sensor, reusable catalyst and glass industry [16, 17]. In
addition, the band gap changes according to the lead-oxygen ratio. Special attention is paid to PbO
nanostructures due to its photoconductive properties [18]. Lead oxide, particularly in nanoparticle form (PbO
NPs), has shown promising photocatalytic activity due to its unique properties, including its bandgap and
ability to absorb light. Taking advantage of their inherent photocatalytic capabilities, such nanoparticles are
capable of initiating and enhancing degradation reactions when exposed to light, thus providing a sustainable
and energy-efficient strategy for treating wastewater. CeO- is another semiconductor photocatalyst with
various applications. However, its band gap is in the wide range of 2.6 to 3.4 eV, depending on the
preparation method [19, 20]. Furthermore, CeO2 exhibits promising photocatalytic activity. Nonetheless, the
position of CB and VB limits its application as an efficient photocatalyst utilizing solar energy, even though
CeO3 can absorb a larger fraction of the solar spectrum [21]. The main properties that make CeO: significant
as a photocatalyst and photoelectrode material applied in the degradation of various pollutants result from its
high band gap energy, high refractive index, high optical transparency in the visible region, high oxygen
storage capacity, and chemical reactivity [22, 23]. In light of the promising features of quaternary
photocatalysts and their vital role in advanced oxidation processes (AOPs), here we report the synthesis,
detailed characterization and application of a novel quaternary photocatalyst, BaPbCe,O7 aimed at efficient
dye removal from wastewater systems. The synthesized nanoparticles were characterized in the accepted
manuscript aspects of crystallinity, morphology, purity, compositional analysis and- optical properties via
various spectroscopic and analytical techniques. The outcomes of fabrication, characterization and its
photocatalytic performance evaluation are elaborately addressed and discussed in further sections.

Il. Experimental

2.1 Materials and Method

Barium nitrate, lead nitrate and cerous nitrate (sourced from Merck) were used as precursor materials in the
synthesis of the photocatalyst, while sodium hydroxide from CDH was employed as the precipitating agent.
Malachite green functioned as the model pollutant in the study. To adjust the pH of the solutions, hydrochloric
acid (CDH) and sodium hydroxide (CDH) were utilized, with pH measurements conducted using a pH meter
(Hena imported pen type). UV-Vis spectrophotometry (CHINO) was employed for kinetic study to record the
optical density of solutions at various time intervals. For irradiation, a 200Watt tungsten lamp (Philips) was
utilized and light intensity was measured using a solarimeter (New CHEM Dt 1307). Scavengers, namely
Isopropanol, EDTA, KI and ammonium oxalate were incorporated to trap active species. All chemicals were
utilized in their LR grade, with a purity range of approximately 95-99%.

For kinetic study, solution of malachite green dye (MG) was taken in a borosil beaker, pH was measured and
photocatalyst was added. It was then exposed to light and after certain time intervals, optical density (OD)
was recorded. A plot of log optical density (O.D.) verses time was straight line suggesting that the reaction of
degradation follows pseudo first order kinetic law.
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2.2 Instrumentation:
The many techniques used to characterize the produced BaPbCe>O7 photocatalyst are covered in detail here.
A Panalytical X Pert Pro X-ray diffractometer was used to record the X-ray diffraction (XRD) pattern using
Ni-filtered Cu Ka radiation at 10 kV and 80 mA for monochromatized Cu Ka (k = 1.5418 A) radiation, with a
scan range of 10\2h\80. A Nova Nano FE-SEM 450 (FEI) scanning electron microscope was used to perform
scanning electron microscopy (SEM) measurements in order to examine the surface roughness and
morphology of the samples. Using energy dispersive X-ray, SEM imaging conditions were analyzed for
composition. Physical Electronics performed the XPS spectra (Model: PHI 5000 VersaProbe Il analysis).
Using a Perkin Elmer FT-IR Spectrum 2 spectrophotometer, Fourier transform infrared (FT-IR) spectra of
KBr pellets in the 4004000 cm-1 range were captured. Using a UV-vis NIR spectrophotometer (Perkin
Elmer, U.S.A.), UV-vis diffuse reflectance spectra (DRS) were measured. A high-resolution transmission
electron microscope was employed to monitor the observations using the HRTEM Hitachi H-7500.
The absorbance of the dye was measured using a UV-Vis spectrophotometer (CHINO). Using the following
formula, the degradation percentage of the dye was calculated:

% degradation = (Co— C/Co) x 100
Where Co and C represent the initial concentration and final concentration of the dye at different time
intervals, respectively.
I11. Results and Discussion
Synthesis of BaPbCe207 nanoparticles:
A solid co-precipitation method was employed for synthesis of BaPbCe>O7 and controlled conditions were
maintained during the process. 0.1 M solutions of each barium nitrate, lead nitrate and cerous nitrate were
prepared and pH was recorded as 6.5, 3.8 and 3.1 respectively. All the three solutions were mixed to attain the
pH 4.3. The mixture was stirred for 2 hours and while stirring, 5SN NaOH solution was added drop by drop for
precipitation to obtain yellow colored material. This was then stirred for half an hour and then allowed to
settle down. Temperature during the process was maintained at 25°C. Supernatant liquid was checked for
further precipitation, filtered and dried in a microwave oven at 100°C. Yellow solid was obtained with yield
45.56 g and the yield percentage was 91.8 %. This was then subjected to calcination at 500°C for 2 hours. The
color of the prepared solid changed to black with yield of 33.23 g and the yield percentage was 73 %.
Characterization:
The EDS spectrum of BaPbCe207 NPs confirms the synthesis of BaPbCe207 NPs as Ba, Pb, Ce and O were
observed with elemental weight percentages of 13.73, 20.72, 26.62 and 11.2 respectively. X ray diffraction
analysis (XRD) proved it to be nano crystalline material with average crystal size to of 58.12 nm. X-ray
Photoelectron Spectroscopy (XPS) spectrum of the synthesized nanomaterial revealed distinct peaks at 880.6
and 897.3 eV corresponding to Ce (1) 3d 5/2 and Ce (Il) 3d 3/2, suggesting cerium ions in oxidation states of
+2 and +4. UV-Vis spectroscopy revealed the optical band gap to be 2.32 eV. Details are discussed here:
3.1 X-ray Diffraction Analysis (XRD analysis):
XRD data were used to study the crystal structure and phase identification. The graphic figure 1 displays the
BaPbCe207 nanocomposite's XRD pattern and table 1 contains the data for calculation of crystal size. The
(111), (200), (220) and (311) planes of BaPbCe2O7 are represented by the XRD peaks, which are situated at
angles (20) = 28.47, 32.97, 47.38 and 56.44 respectively. The standard XRD peaks of BaO, PbO and CeO>
showed a high association with them [24, 25, 26]. The quaternary metal oxide nano powder BaPbCe,O7
reveals that the minimal crystallite size is indicated by the growth peak intensity and drop in the FWHM. The
corresponding nanomaterials' lattice parameters, degree of crystallinity, lattice strain and crystallite size were
computed. The photocatalyst appears to be extremely crystalline in nature, based on the crisp and moderately
strong intense diffraction facets. That was recorded using a powder diffractometer [27, 28]. A considerable
increase in crystallinity at a higher calcination temperature is suggested by the improved resolution and
intensity of the diffraction peaks at 500 °C. The interaction between the BaO, PbO2 and CeO2 phases may be
the cause of the nanocomposite's slight peak deviation. The material's nanocrystalline nature is shown by peak
broadening in diffraction spectra, which may be the consequence of hydroxide growth in the composites. The
nano photocatalyst's diffraction pattern exhibits a sharp and powerful peak at 20 = 28.47, which is ascribed to
the (111) plane and its associated interplanar distance (d) of 0.31 nm.
Scherer's method D=0.9A/p cosO was used to calculate the crystallite size of the produced samples from the X-
ray diffraction data. In this formula, A represents the wavelength of the X-rays (1.5418), B is the FWHE of the
peak with the highest intensity, and 0 is the diffraction angle. The Debye-Scherrer formula is used to
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determine the average crystallite size of pure nanoparticles and Bragg's law was used to determine that the
nanoparticles from the high intense peak (28.4°) in the XRD spectra of BaPbCe,O; [29]. Based on
calculations on the enlargement of the diffraction peaks in the XRD patterns, the crystallite size (DXRD) of
pure BaPbCe>0O7 nano powder, calcined at 500 °C, is 58.12 nm on average [30, 31].
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Figure 1: XRD pattern of BaPbCe207 photocatalyst
Table 1: Crystal size calculation for BaPbCe2O~

Pea | Angle 20 | FWHM | Crystalli | Average
k te size crystal
No. (nm) size (nm)
1 28.47 0.1775 49.76 58.12

2 32.97 0.1525 60.93
3 47.38 0.1354 67.28
4 56.44 0.1644 54.52

3.2 Field Emission Scanning Electron Microscopic Analysis (FESEM):

SEM morphology photos of the BaPbCe>O7 nano catalyst describe the surface morphology, particle
size, and size distribution of the produced particles. An EDX (model Nova Nano FE-SEM 450 (FEI)) and a
field-emission scanning electron microscope (FESEM) equipped with an accelerating voltage of 15 kV (TLD-
SE) was used to analyze the form and consistency of the nanoparticles. The FESEM images captured after a
4-hour annealing procedure at 500 °C are displayed in figure 2. It can be inferred that the substance is made
up of agglomerated, porous, and uniformly distributed nanoparticles. The spherical cubic shape and restricted
size distribution of the nanocomposite have been observed. The rough, cubic particles with irregular
orientation were also visible due to the nanocomposite's surface form. Because of the interaction between
three different types of oxides, which changed the kinetics and shape of the generated particles, the
nanocomposite was found to have a considerable agglomeration orthorhombic crystal. The average particle
size is 58.01 nm as determined and dispersed. The crystallite size computed using Scherer's formula is similar
to the particle size as indicated by the SEM result.
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Figure 2: FESEM images of BaPbCe207 photocatalyst

3.3 Energy Dispersive X-ray Spectroscopic analysis (EDX analysis, Elemental composition study):

The elemental composition and purity of the generated quaternary perovskites were further confirmed. Figure
3 displays the metal oxides' and the produced BaPbCe>O7 nanoparticles' energy dispersive x-ray spectroscopy
(EDX) spectra and validates the fabrication of BaPbCe,O7 nanoparticles. It shows a prominent band for Ba,
Ce, Pb and O with elemental weight percents of 13.73, 26.62, 20.72, and 22.72, respectively. According to the
study, every element has a unique atomic structure, which results in a unique collection of peaks in the
electromagnetic emission spectrum. Based on the peak strength, the necessary elements were present in the
following ratios: 1.0:1.0:1.9:7.0 for Ba, Pb, Ce and O. The figures accord well with the suggested formula,
BaPbCe>O7. The weight percentage and atomic percentage of the elements present in the photocatalyst are
shown in table 2.

Figure 3: EDX Spectra with elemental mapping of BaPbCe207 nanoparticle

Table 2: Elements present in BaPbCe2O7 photocatalyst

Element | Weight% | Atomic%
Ba 13.73 18.6
Ce 26.62 38.03
Pb 20.72 28.12
0 11.2 15.2

Totals 100.00 100.00

3.4 Fourier Transform Infrared Spectroscopy (FTIR):

FT-IR measurements were made in order to determine the presence of functional groups on the NPs' surface.
The FTIR spectroscopic analysis was carried out between the frequency range of 400 and 4000 cm ™ using a
Perkin Elmer spectrometer. The details are given in figure 4. According to the study, the synthesized
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photocatalyst seems to be crystalline and nano powder-like. The IR spectral peaks of the first oxide have been
shown to change when another oxide is present. O-H bond bending and stretching vibrations, which may be
brought on by adsorbed water molecules, also produce certain peaks at higher wavelengths. 3741.34, 3333.33,
2704.16, 2350.83, 2050.23, 1985.06, 1746.98, 1295.59, 1039.04, 810.33, 770.18, 711.03 and 678.96 cm™ are
the main peaks observed. Metal-oxygen stretching is usually attributed to bands in the 600—1000 cm™ range,
while metal-oxygen bending vibrations are linked to bands in the 600-800 cm™ range. The OH bending of
water molecules adsorbed on the composite's surface (O-H bending and stretching vibrations) is responsible
for the band at 1295.59 cm™, whereas surface hydroxyl is responsible for the peaks at 3333.33 cm™ and
1746.98 cm™ [33].

Adsorbed atmospheric CO stretching vibration and C—O stretching is responsible for the maxima at 2350.83
and 1039.04 cm™t. The bending mode (stretching and bending vibrations) of the BaO and PbO bond is
responsible for the peak at 810.33 and 678.96 cm™, which indicates the primary absorption band
[32,39,33,35]. The band (stretching and bending vibrations) mode of the CeO> bond, which involves motion
of a change in CeO, bond length, is responsible for the absorption band at 678.96, 770.18, and 711.03 cm™,
Therefore, the existence of both peaks indicates that the sample contains a strong metal-oxygen link
[11,13,14,38]. The CeO, component can be attributed to the peak seen at 1053 cm. CeO; stretching vibration
is the cause of the frequencies in the 900 cm™ to 820 cm™ range [30]. There has been a noticeable change in
the overall peaks. All of the sharp peaks indicate strong stretching vibrations, ruling out the existence of
pollutants. The analysis found that coprecipitation, which is used throughout the synthesis process, has a
considerable impact on the photocatalytic performance. In accordance with the XRD data, these bands
validate the creation of a cluster structure and are associated with the environment around the BaPbCe,Oy.
The FT-IR analysis solely shows nanoparticles formed during the chosen chemical process, as there are no
additional functional peaks associated with secondary products [24,25].
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Figure 4: FTIR spectra of BaPbCe207 photocatalyst

3.5 X-Ray Photoelectron Spectroscopy (XPS):

The chemical composition, elemental oxidation states and surface shape of materials, all affect how well they
perform in catalytic studies. XPS analysis is used to determine the electrical and chemical states of the
produced material as well as the chemical environment of the barium, lead and cerium components. This
study is conducted using an XPS instrument (Model: PHI 5000 Versa Probe Il analysis) and gives the
deconvoluted graphs and displays the XPS 104 spectra data. XPS provided detailed information on the
oxidation states on the surface because of its inherent capacity to discriminate between elemental and
chemical state information. The primary components found on the surface are revealed by the spectrum
displayed in Figure 5 (a) and deconvoluted graphs are presented in figure 5 (b). Examining the transition
peaks involving the Ba 3d°, Pb 4f, Ce 3d, C 1s and O 1s orbitals allows one to establish the composition of the
photocatalyst to be BaPbCe,Oy.

The binding energy peaks of 777.92.1 and 799.4 eV correspond to Ba 3d 5/2 and 3d 3/2 transitions, in the
composite. This implies that Ba is present in the +2 oxidation state. [40, 41, 42]. Pb (ll) (4f 7/2 and 4f 5/2)
was identified by the binding energy peaks at 136.7 and 141.47 eV and are clearly observed in deconvoluted
spectra. Oxidation state +2 for Pb is confirmed based on these peaks. [20, 21, 22]. Ce (II) 3d 5/2 and Ce (II)
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3d 3/2 was identified by the binding energy peaks at 880.6 and 897.3 eV and the oxidation state +4 is assigned
to Ce based on these peaks. [47, 48, 46, 24].

These useful explanations demonstrate how an oxygen-rich environment might degenerate into an oxygen-
deficient one. The formation of the BaO-PbO-CeO> nanocomposite results in bonded oxygen on the surface of
nanocrystals, which explains the change in the oxygen environment shown by the signal at 528.02 eV in the
XPS of Ols. The generated chemical contains an oxygen bond between three metal cations. Consequently, the
O1s spectra show three peaks, which represent no energy differences and Ba-O, Pb-O and Ce-O bonding.
Equal intensity confirms the bond between oxygen and three metal cations. The formation of the BaPbCe20-
nanocomposite was verified by considering XRD. The close proximity of well-stabilized nanoparticles, as
indicated by the XPS measurements, is crucial for the strong photocatalytic activity.
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Figure 5 (a)- XPS spectra of BaPbCe207 photocatalyst
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Figure 5: (b) Deconvoluted XPS spectra of individual elements
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3.6 UV-VIS NIR Analysis:

The product's UV absorption is correlated with particle size when the crystal nucleus's formation rate exceeds
its growth rate; the smaller the particle size, the higher the UV absorption value. The UV-VIS-NIR spectrum
was used to measure the optical properties of the generated BaPbCe>O7 nanoparticles, which is displayed in
the figure 6 at wavelengths between 200 and 800 nm. The photocatalytic activity of semiconductor materials
is largely explained by their light absorption characteristics. Broad absorption bands at 254, 315, 351 and 464
nm respectively, reflect the BaO, CeO- and PbO peaks [26,19,37,31,50,51]. The quantum size effect could be
one reason for this. The nanoparticle is smaller than the wavelength of de Broglie. In this scenario, distinct
electronic energy levels would arise in all materials due to the spatial confinement of the electrons and holes.
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Figure 6: UV-Vis spectra of BaPbCe207 photocatalyst
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Figure 7: Band gap energy determination of BaPbCe207 photocatalyst by T (tauc) plot

Semiconductor materials' optical characteristics, which significantly affect their photodegradation
performance, are mostly determined by their bandgap energy. The formula [a = A (hv - Eg)/ hv] was used to
determine the band gap width associated with the BaPbCe>O7; composite samples. The findings (figure 7)
demonstrated that the creation of composite samples significantly decreased the breadth of the band gap,
enhanced the composite samples' capacity to respond to visible light, and enhanced their photocatalytic
efficiency [39].

a=A (hv-Eg)/ hv

Eq. is used to determine the absorption coefficient (o). The band gap energy is computed by extending the
linear portion of the graph between (ahv)? and photon energy (hv) until it intersects the x-axis. According to
calculations, the Eg value for nanoparticles comes out to be 2.32 eV.

4. Photocatalytic activity of BaPbCe>O7 nanoparticles:

For the kinetic study, a solution of dyes is taken in a borosilicate beaker, the pH is measured and the
photocatalyst is added. It is then exposed to light and after certain time intervals, optical density (O.D.) is
recorded. A straight line is observed in the plot of 1+ log of O.D. versus time during the reaction, as shown in

[JCRT2511491 ’ International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org ‘ el34


http://www.ijcrt.org/

www.ijcrt.org © 2025 IJCRT | Volume 13, Issue 11 November 2025 | ISSN: 2320-2882

figure 8. Various models, including pseudo-first-order and pseudo-second-order (Type-1, Type-2, Type-3,
Type-4 and Type-5), are studied to understand the degradation process. After analyzing the data, it is observed
that the pseudo-first-order model best explained the degradation process. The optimized conditions for the
breakdown of MG dyes are identified as follows: pH 10.0, 0.18 g of photocatalyst, dye concentration 1.2x10-*
M and light intensity 1960 mWcm2. A typical run is given in figure 8.

0 5 10 15 20 25
t(min)

Figure 8. A typical run

4.1 Effect of photocatalyst BaPbCe2O7 dose:

The impact of the photocatalyst BaPbCe,O7 dosage on the degradation process is meticulously investigated by
varying its weight, while ensuring all other variables remained constant. figure 9 vividly portrays the
outcomes of this exploration. Interestingly, the highest degradation rates are observed for MG at a
photocatalyst dose of 0.18 g. The rate constants are presented in table 3. This can be attributed to the
increased surface area available for absorbing light radiation, thus generating a greater number of electron-
hole pairs. Such an outcome is linked to the fact that a higher dosage of the photocatalyst leads to a larger
surface area of particles exposed to light. However, upon further increasing the photocatalyst dose, an
intriguing observation emerged: the reaction rate began to decline. This phenomenon is attributed to the
recombination of electrons and holes, which occurs due to their enhanced quantity at higher photocatalyst
doses.

—&—.02¢g
—8%—.04¢9
—=%— 069
—=—.08¢g

o
3

d —e—.10g
Q06 —e—.12g
g> —e—.14¢g
TOS —e—.16¢9
- —4— 189

I
~
1

o
w

I
N

<)
o
(=
S
=
o

T T T 1
20 25 30 35 40
t (min)

Figure 9. Effect of BaPbCe207 Dosage (g/50mL) on degradation of MG
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Table 3: Rate constants at different dose of BaPbCe207 photocatalyst

Doses of k x 10 (Sec™?)
BaPbCe207

(9/50mL)
0.02 6.41
0.04 5.19
0.06 6.58
0.08 6.71
0.10 6.43
0.12 7.15
0.14 7.33
0.16 7.77
0.18 8.44

4.2 Effect of dye concentration:

The study is conducted within the range of 0.4x10* to 1.8x10* M of dye concentration, with all other
variables held constant. The resulting data for MG dye are illustrated in figure 10 and table 4. Observations
indicate that the reaction rate increases with an increase in the concentration of dye. This is because more
dye molecules are available to absorb photons from light, becoming excited in the process. However, after
reaching a maximum value (at 1.4x10* M) further increases in dye concentration led to a decrease in the
rate of degradation. This decline occurs because beyond a certain concentration, additional dye darkens the
color of the reaction mixture and begins to act as a filter to the incident light.

—=—0.4x 10*
—=—0.6x 10"
—=—0.8x 10
—e— 1.0x 10*
—o— 1.2x 10
—o— 1.4x 10
—o— 1.6x 10

1.8x 104

1.0+

<2
©
11

1+log(0.D.)
o
(2]
Ll

I
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o
N
L
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T T T T T 1
0 5 10 15 20 25 30
t (min)

Figure 10. Effect of concentration (moles L) of MG on degradation
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Table 4: Rate constants at different concentration of MG

MGx10* (moles kx10(Sec?)
L)

04 5.76

0.6 6.05

0.8 4.96

1.0 7.41

1.2 6.38

1.4 8.44

1.6 6.57

1.8 5.02

4.3 Effect of intensity of light:

The experiment entailed adjusting the light intensity within the range of 930 to 1960 mWcm?2, with
corresponding data presented graphically in figures 11 and tabulated in table 5. All other experimental
variables are kept constant throughout. It is observed that the rate of photocatalytic degradation increased in
tandem with the rise in light intensity. This phenomenon can be attributed to the greater number of photons
striking per unit area over time as light intensity escalates. Consequently, there is an increase in the presence
of excited dye molecules and electron-hole pairs at the photocatalyst's surface. The peak degradation rate for
MG is observed at a light intensity 1960mWcm2. Further increase in light intensity was found to cause
thermal side reaction and so were not considered for study.

—=— 930

—=— 1150
—=—1390
—#&— 1560
—e— 1710
—e— 1960

1+log(0.D.)

T T T T T 1
0 10 20 30 40 50
t(min)

Figure 11. Effect of intensities of light (mW/cm?) on degradation of MG

Table 5: Rate constants at different intensities of light

Intensity of light k x 104 (Sec™)
(mWcm?)
1960 8.44
1710 4.54
1560 4.66
1390 2.93
1150 3.02
930 2.86
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4.4 Effect of pH:

The breakdown speed of the dye changes significantly depending on the pH of the solution because dyes are
quite sensitive to pH variations. Some dyes even alter their color when the pH changes. To understand this
better, systematic adjustment of the pH of the solution, with keeping all other factors constant, is put in.
Interestingly, it is noticed that the initial optical density of the solution changed as the pH varied, as shown in
detailed graph. The study focused on the pH range of 6.5 to 10.0 for MG with the results depicted in figure 12
and rate constants are given in table 6. This thorough analysis reveals how crucial pH is in influencing the dye
degradation process. The rate of photocatalytic degradation increased as the pH rises. The peak degradation
point for MG dye is observed at pH 10.0. Further increase in pH made the solution opaque and interfered in
the observations, thus was not carried out. The effect can be explained on the basis that adding base increases
the number of OH" ions which become available to the holes generated at photocatalyst surface causing
abstraction of an electron and producing OH* free radicals. These free radicals attack the weaker double bond
site of the dye breaking its conjugation and further breaking it into smaller fragments.

—=%—6.5
—=%—70
—=—75
—=—-8.0
—e—85
—o—-90
—e-905
—e10.0

t(min)

Figure 12. Effect of pH on degradation of MG
Table 6: Rate constants at different pH

pH k x 10 (Sec?)
10.0 8.44
9.5 7.17
9.0 5.47
8.5 4.19
8.0 3.59
7.5 4.18
7.0 2.54
6.5 2.16
6.0 0.29
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The mechanism is given as:

hv (photon) + MG — MG! (Dye in singlet exited state)

MG! — MG?3 (Dye in triplet exited state) (ISC)

hv + BaPbCe,07 — h* + €

h*+ OH — h+ OH*

OH* + MG? —Leuco form of MG — H20 + CO; + NO; etc. (degraded product)

4.5 Ascertaining the reactive species:

Numerous scavengers are utilized to investigate the involvement of reactive species in degradation reactions.
The study of degradation of MG dye using the nanomaterial BaPbCe»O~ in the presence of 2 ml of scavenger
(EDTA, OH-" free radical scavenger) is conducted and is shown in figure 13. Ceasing the reaction suggests that
OH?* free radical is the active species causing degradation of MG dye. The degradation stabilized, with only
approximately 5% of the dye being degraded.

1+ log O.D.
=
=

Time (in min)

Figure 13- Degradation of malachite green in presence of EDTA

5. Conclusion

In conclusion, it is stated that a novel BaPbCe>O7 nanocomposite is successfully synthesized using a simple
co-precipitation method. The material is thoroughly characterized through various analytical techniques like
XRD, EDX, FESEM, UV-Vis etc. The calculated energy band gap of 2.32 eV indicates its strong
photocatalytic potential, as it effectively reduces the recombination of photo-generated electron—hole pairs on
the surface. The synthesized nanocomposite was applied for solar-light-driven degradation of malachite green
into smaller, non-toxic fragments. A systematic kinetic investigation confirmed that the degradation process
follows pseudo-first-order kinetics. Scavenger experiments revealed that hydroxyl free radicals play a key role
in the reaction mechanism, which was subsequently proposed. Furthermore, recycling studies demonstrated
that the nanocomposite can be reused multiple times for wastewater treatment with appreciable efficiency.
Over all this work highlights an effective strategy for removing colored pollutants from water, contributing to
sustainable water purification for broad applications.
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