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ABSTRACT: The discharge of congo red dye into water sources by factories
has been associated with a range of health concerns, such as cancer, redness,
skin irritation, and allergic reactions. As a result, this research focused on the
cost-effective and straightforward production of MgAl2O4 nanoparticles by
using the Pechini sol−gel process. Subsequently, these nanoparticles were
employed for the successful photocatalytic decomposition of congo red dye.
Moreover, extensive characterization of the fabricated MgAl2O4 nanoparticles
was conducted through diverse methodologies, which included Fourier-
transform infrared spectroscopy, ultraviolet−visible spectrophotometry, high-
resolution transmission electron microscopy (HR-TEM), field-emission
scanning electron microscopy (FE-SEM), and powder X-ray diffraction
(XRD). Furthermore, the XRD analysis disclosed that the average crystal size
of the produced MgAl2O4 nanoparticles is 10.36 nm, and their optical energy
gap was determined to be 3.71 eV. The FE-SEM examination unveiled a combination of spherical and disorganized structures with a
0.14 μm average grain size. HR-TEM analysis, in turn, revealed that the fabricated MgAl2O4 nanoparticles were composed of
minuscule spherical particles with an average diameter of 8.75 nm. The maximum degradation of 50 mL of congo red dye at a
concentration of 25 mg/L reached 99.27% within 80 min at a pH of 3. Additionally, the findings confirmed the consistent
decomposition activity toward congo red dye even after four cycles, thereby validating the effectiveness and reusability of the
MgAl2O4 nanoparticles that were developed in this study.

1. INTRODUCTION
Global industrialization including refineries, textiles, paper
manufacturing, leather processing, plastic production, and
chemicals has employed diverse organic dyes, resulting in the
release of substantial amounts of harmful substances into the
environment.1−7 It is common for approximately 30−40% of
these organic dyes to endure in wastewater.8−12 Moreover, the
presence of these organic dyes inhibits photosynthesis and
contributes to various significant health problems for the human
populace.13−15 To tackle these issues, it is crucial to treat
wastewater produced by these sectors before discharging it.
Various chemical and physical methods, including coagulation,
adsorption, membrane filtration, reverse osmosis, and photo-
catalysis, have been used to remove organic dyes from
wastewater.16−23 Among these strategies, semiconductor photo-
catalysis has emerged as a notably efficient method for
addressing wastewater pollution. This eco-friendly, cost-
effective, low-energy, and sustainable treatment approach has
proven its effectiveness.24,25 Spinel-type oxides are being
recognized as promising photocatalysts with applications in
the degradation of organic dyes and hydrogen production. Zinc
gallate (ZnGa2O4), copper gallate (CuGa2O4), zinc ferrite
(ZnFe2O4), copper aluminate (CuAl2O4), nickel ferrite
(NiFe2O4), calcium bismuthate (CaBi2O4), and barium

chromate (BaCr2O4) are among these oxides. They display
exceptional performance in breaking down organic dyes and
aiding in hydrogen generation, thanks to their distinct
characteristics, such as narrow bandgaps and high catalytic
efficiency.26−32 Many techniques have been reported in the
literature for producing nanosized spinel structures, which
encompass Pechini sol−gel, sol−gel, microemulsion, coprecipi-
tation, combustion, and sonochemical methods.5,33−42 The
Pechini sol−gel technique offers precise control over the
composition, size, structure, and uniformity of the resulting
product.18−23 The spinel compound known as magnesium
aluminate, with the chemical formula MgAl2O4, is frequently
encountered. Its versatility has led to growing interest in
multiple domains, including microwave dielectrics, refractory
materials, humidity sensors, ceramic capacitors, structural
materials for fusion reactors, and catalysis.43 Additionally,
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magnesium aluminate boasts advantageous properties, such as a
high melting point (2135 °C), low density (3.58 g/cm3),
remarkable high-temperature strength, and outstanding resist-
ance to chemical corrosion. Various methods have been
employed for the production of magnesium aluminate, such as
solid-state, spray drying, sol−gel, coprecipitation, and freeze-
drying techniques.44−48 However, most of these approaches are
intricate and costly, posing challenges for large-scale production
of nanosized materials when compared to Pechini sol−gel
synthesis. Furthermore, these methods come with disadvan-
tages, including the requirement of high temperatures, uneven
product distribution, and limited surface area in the resulting
nanosized materials. In many catalytic applications, a smaller
particle size is preferred, owing to its increased surface area.
Therefore, the utilization of the Pechini sol−gel technique at
relatively lower temperatures offers a novel and advantageous
strategy for producing nanosized magnesium aluminate particles
suitable for applications in the mentioned fields, especially in the
domain of photocatalysis. Congo red dye can have detrimental
effects on human health, including skin irritation, redness, and
potential allergic reactions. There is some research suggesting
possible carcinogenic properties associated with congo red
dye.49,50 Photocatalytic decomposition of congo red dye has
been studied using expensive photocatalysts such as poly-
pyrrole/silver/graphene nanocomposite, magnetic silica-coated
Ag2WO4/Ag2S, chitosan/SnO2 nanocomposite, TiO2-doped
cobalt ferrite nanoparticles, chitosan/Fe3O4 nanocomposite,
CeO2/CdTe nanocomposite, CeO2/CdSe, and SnS2/CdO
nanocomposite.51−57 In this specific study, we demonstrate
the straightforward production of MgAl2O4 spinel nanoparticles
through the application of the Pechini sol−gel method. The
synthesized MgAl2O4 nanoparticles were characterized by using
Fourier transform infrared (FT-IR), field-emission scanning
electron microscopy (FE-SEM), X-ray diffraction (XRD), UV−
vis, and high-resolution transmission electron microscopy (HR-
TEM) analyses. Moreover, we investigated the photocatalytic
decomposition of congo red dye by utilizing the prepared
MgAl2O4 nanoparticles under exposure to ultraviolet radiation.
Nowadays, green synthesis of nanoparticles, such as magnetite,
silver, and zinc oxide, using sustainable resources is popular.58,59

The superiority of the Pechini sol−gel method over a green
synthesis approach for preparing MgAl2O4 nanoparticles might
be attributed to several specific factors such as precise control,
homogeneity, and scalability. The Pechini sol−gel method offers
meticulous control over various parameters during the synthesis
process, allowing for fine-tuning and precise manipulation of the
final product. This control contributes to the uniformity, size,
and structure of the MgAl2O4 nanoparticles, which can

significantly affect their catalytic performance. The Pechini
sol−gel method is often scalable, meaning it can be easily
adapted for the production ofMgAl2O4 nanoparticles on a larger
scale while maintaining the desired properties. This scalability is
vital for industrial applications, where large quantities of
nanoparticles are required.

2. EXPERIMENTAL SECTION
2.1. Chemicals and Reagents. Propylene glycol

(C3H8O2), aluminum nitrate nonahydrate [Al(NO3)3·9H2O],
ethylenediaminetetracetic acid disodium salt dihydrate
(C10H14N2Na2O8·2H2O), magnesium nitrate hexahydrate [Mg-
(NO3)2·6H2O], sodium hydroxide (NaOH), tartaric acid
(C4H6O6), isopropyl alcohol (C3H8O), congo red dye
(C32H22N6Na2O6S2), ascorbic acid (C6H8O6), and hydrochloric
acid (HCl) were purchased from the Sigma-Aldrich Company
and employed in the absence of any additional refinement.
2.2. Synthesis of MgAl2O4 Nanoparticles. The synthesis

of the magnesium tartrate/propylene glycol network involved
the following steps: initially, 4.58 g of Mg(NO3)2·6H2O was
dissolved in 70 mL of distilled water. Simultaneously, a tartaric
acid solution was freshly prepared by dissolving 2.68 g of tartaric
acid in 70 mL of distilled water. This tartaric acid solution was
then added dropwise by continually stirring for a duration of 10
min. Following this, 5 mL of propylene glycol was introduced
into the resultant mixture and stirred continuously for another
10 min. Similarly, the aluminum tartrate/propylene glycol
network was prepared as follows: 13.41 g of Al(NO3)3·9H2O
was dissolved in 70 mL of distilled water. A tartaric acid solution
was freshly prepared by dissolving 5.37 g of tartaric acid in 70mL
of distilled water. As with the previous process, this freshly
prepared tartaric acid solution was added dropwise with
continuous stirring for 10 min. Subsequently, 5 mL of propylene
glycol was introduced into the resultant mixture, and stirring was
maintained for an additional 10 min. The next step involved
combining the magnesium tartrate/propylene glycol network
with an aluminum tartrate/propylene glycol network. This
combination was stirred constantly at 135 °C until the mixture
reached a dry state. The resulting powder was then subjected to
calcination in a muffle furnace at 800 °C for a duration of 4 h,
resulting in the production of MgAl2O4 nanoparticles. The key
stages of fabrication of the MgAl2O4 nanoparticles are presented
in Scheme 1.
2.3. Characterization. XRD analysis of the MgAl2O4

nanoparticles was performed using a D8 Advance Bruker
diffractometer with an 18 kW power source and monochro-
mated Cu Kα radiation (wavelength: 1.54 Å). The FT-IR
spectrum of the MgAl2O4 nanoparticles was obtained using a

Scheme 1. Procedural Steps for Producing MgAl2O4 Nanoparticles
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Nicolet iS50 spectrophotometer in the range of 4000−400
cm−1. Besides, the surface morphology of the MgAl2O4
nanoparticles was investigated with a JSM-IT800 Schottky FE-
SEM, which was equipped with an energy-dispersive X-ray
(EDX) unit. A Talos F200iS HR-TEM instrument was
employed to examine the morphology of the MgAl2O4
nanoparticles. Furthermore, the concentration of congo red
dye was measured at 498 nm using a Shimadzu UV-1650 PC
UV−vis spectrophotometer.
2.4. Photocatalytic Activity of the Synthesized

MgAl2O4 Nanoparticles toward Congo Red Dye. The
photocatalytic performance of MgAl2O4 nanoparticles was
assessed using two identical ultraviolet lamps (wavelength =
320 nm). To begin, 50 mg of MgAl2O4 nanoparticles was
introduced into 50 mL of a congo red dye solution at a
concentration of 25 mg/L. This mixture was then stirred in the
dark for 2 h to ensure proper dispersion of the MgAl2O4
nanoparticles and reach an adsorption/desorption equilibrium.
Following this, the suspension was exposed to ultraviolet light
with continuous stirring to keep the components well-mixed
during irradiation. In the final step, the solution containing
congo red dye was subjected to centrifugation to separate and
remove the MgAl2O4 nanoparticles. Subsequently, the concen-
tration of congo red dye in the resulting supernatant solution
was determined using a UV−vis spectrophotometer at the
maximumwavelength of congo red dye. Typically, the congo red
dye exhibits a characteristic maximum absorption wavelength of
497 nm at a native pH 5. Besides, slight changes occur in the
wavelength of the congo red dye with a change in pH, but we
take this into account when calculating the concentration.
Consequentially, we take the absorption value of the resulting
spectrum at themaximumwavelength, even if it changes slightly,

to ensure accurate results. The research investigated the effects
of pH values within the range of 3−9, varying irradiation
durations from 10 to 100 min, quantities of MgAl2O4
nanoparticles spanning from 0.0125 to 0.20 g, and concen-
trations of congo red dye ranging from 15 to 45 mg/L. Equation
1 was used to calculate the percentage of photocatalytic
degradation (% P) of congo red dye achieved by the MgAl2O4
nanoparticles.

P
A A

A
% 100d e

d
= ×

(1)

where Ad (mg/L) indicates the determined concentration of
congo red dye after the adsorption process in the dark place. Ae
(mg/L) indicates the determined concentration of congo red
dye after irradiation under ultraviolet conditions.

3. RESULTS AND DISCUSSION
3.1. Synthesis and Characterization of MgAl2O4

Nanoparticles. The MgAl2O4 nanoparticles were synthesized
by utilizing the Pechini sol−gel technique, as illustrated in
Scheme 2. First, the magnesium tartrate/propylene glycol
network was created through the reaction of Mg(NO3)2·6H2O
with tartaric acid and propylene glycol. Simultaneously, the
aluminum tartrate/propylene glycol network was formed by
reacting Al(NO3)3·9H2O with tartaric acid and propylene
glycol. The next step involved combining the magnesium
tartrate/propylene glycol network with the aluminum tartrate/
propylene glycol network. This mixture was then heated to 130
°C until it reached a dry state. Subsequently, the resulting
powder was subjected to calcination at 800 °C to yield MgAl2O4
nanoparticles. In Figure 1, the thermogravimetric analysis of the
powder formed prior to calcination is depicted. The graph

Scheme 2. Synthesis of MgAl2O4 Nanoparticles via the Pechini Sol−Gel Method
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clearly indicates that 800 °C is the optimal temperature for the
formation of MgAl2O4 nanoparticles.
Figure 2A depicts the XRD pattern for the MgAl2O4

nanoparticles that were synthesized. It is evident from Figure
2A that each diffraction peak aligns precisely with the cubic
spinel-structuredMgAl2O4 with lattice parameters; a = 8.0788 Å

and Vcell = 527.28 Å3, as indicated by ICDD no. 021-1152.60

Notably, no supplementary peaks corresponding to potential
intermediate products such as MgO and Al2O3 are discernible in
the pattern, affirming the pristine formation of MgAl2O4
nanoparticles. The XRD peaks observed at 2θ values of 19.08,
31.29, 36.89, 38.55, 44.89, 59.57, 65.54, and 77.75° correspond
to the (111), (220), (311), (222), (400), (511), (440), and
(533) diffraction planes of the MgAl2O4 nanoparticles,
respectively. Furthermore, the mean crystal size of these
synthesized MgAl2O4 nanoparticles is 10.36 nm. Figure 2B
showcases the EDX pattern of the magnesium aluminate
nanoparticles that were fabricated. The EDX analysis reveals
that these magnesium aluminate nanoparticles are composed of
28.17% Al, 15.32% Mg, and 56.51% O. Notably, the absence of
any other elements serves as confirmation of the high purity of
the fabricated magnesium aluminate nanoparticles.
Figure 3A exhibits the FT-IR spectrum of the produced

MgAl2O4 nanoparticles. The observed peaks at 527 and 696

cm−1 correspond to the stretching vibrations of Al−O and Mg−
O bonds, respectively.21−23,60 Additionally, the peak at 3567
cm−1 arises from the stretching vibrations of H−O−H, while the
peak at 1628 cm−1 results from the bending vibrations of H−O−
H.21−23

Figure 1. Thermogravimetric analysis of the precalcination powder.

Figure 2. XRD (A) and EDX (B) analyses of the synthesized MgAl2O4
nanoparticles.

Figure 3. FT-IR analysis (A) and optical energy gap (B) of the
synthesized MgAl2O4 nanoparticles.
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To determine the optical energy gap (denoted as Eg) of the
MgAl2O4 nanoparticles, eq 2 was employed. This calculation
was based on their UV−vis spectra in a Nujol mull.21−23

h K h E( ) ( )Y
E g= (2)

The constant KE represents an energy-independent factor,
while σ stands for the absorption coefficient. The variable h
corresponds to Planck’s constant, and Y is an integer that
depends on the type of electronic transition. Specifically, for
direct permissible electronic transitions, Y assumes a value of 2.0,
while for indirect permissible transitions, Y takes a value of 0.5.
In Figure 3B, the relationship between (σhυ)2 and hυ is
illustrated for the synthesized MgAl2O4 nanoparticles. This
graph reveals a predominance of direct permissible electronic
transitions in these nanoparticles. Extrapolating the graph to the
point where (σhυ)2 reaches 0 allowed for the determination of
the optical energy gap (Eg) for the MgAl2O4 nanoparticles,
which was found to be 3.71 eV.
Figure 4A showcases the FE-SEM images of the produced

MgAl2O4 nanoparticles. A careful examination of this image

reveals that these nanoparticles display a mixture of spherical
and disorganized shapes, with an average grain size of 0.14 μm.
In Figure 4B, the image reveals that these nanoparticles are
composed of small spherical particles, with an average diameter
of 8.75 nm.
Figure 5 illustrates the N2 adsorption/desorption isotherm of

the MgAl2O4 nanoparticles. The results showed that the
resulting curve follows the IV type, and this confirms their
mesoporous nature. The surface textures, such as the Brunauer−
Emmett−Teller surface area, total pore volume, and average
pore size, were found to be 35.67 m2/g, 0.1135 cc/g, and 5.65
nm, respectively.
3.2. Photocatalytic Degradation of Congo Red Dye.

3.2.1. Effect of pH. Figure 6 illustrates the relationship between

pH and the photocatalytic degradation percentage of congo red
dye when using MgAl2O4 nanoparticles under ultraviolet light
conditions. It is noteworthy that when the pH of the congo red
dye solution is increased from 3 to 9, there is a substantial
reduction in the photocatalytic degradation percentage,
decreasing from 99.22 to 2.09%. This phenomenon can be
explained by the behavior of MgAl2O4 nanoparticles in different
pH environments.
In an acidic medium, these nanoparticles become surrounded

by positively charged hydrogen ions, which attract the anionic
congo red dye, as shown in Scheme 3, resulting in an increase in
the photocatalytic degradation percentage.21−23 Conversely, in a
basic medium, the presence of negatively charged hydroxide
ions causes the repulsion of the anionic congo red dye, as shown
in Scheme 3, leading to a decrease in the photocatalytic
degradation percentage.21−23 Therefore, a pH value of 3 is
considered the optimal condition for achieving the highest
photocatalytic degradation percentage of the congo red dye.

3.2.2. Effect of Exposure Time. Figure 7A illustrates the
relationship that exists between the duration of ultraviolet
exposure and the photocatalytic degradation percentage of

Figure 4. FE-SEM (A) and HR-TEM (B) analyses of the MgAl2O4
nanoparticles.

Figure 5. N2 adsorption/desorption isotherm of the produced
MgAl2O4 nanoparticles.

Figure 6. Effect of pH on the photocatalytic decomposition of congo
red dye after exposure to ultraviolet light for 2 h.
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congo red dye when using MgAl2O4 nanoparticles. Extending
the ultraviolet exposure time from 10 to 80 min leads to a
significant increase in the photocatalytic breakdown percentage,

rising from 20.06 to 99.27%. However, it was noted that further
extension of the ultraviolet exposure time from 80 to 100 min
had a minimal impact on the photocatalytic breakdown
percentage of congo red dye, suggesting saturation of the active
sites.14−16 Consequently, 80 min is considered the optimal
duration for achieving the maximum photocatalytic breakdown
percentage of congo red dye. Furthermore, the photocatalytic
decomposition of congo red dye follows a strong adherence to
first-order kinetics, as represented by eq 3,21−23 and this is
depicted in Figure 7B.

A
A

K tln d

e
D=

(3)

The rate constant for first-order reactions, denoted as KD and
expressed in units of 1/min, was calculated. Upon subjecting the
collected data points to linear fitting, a linear relationship with a
notable correlation coefficient of 0.9867 was established,
allowing for the determination of KD, which was found to be
0.0369 1/min.

Scheme 3. Interactions of Congo Red Dye with MgAl2O4
Nanoparticles

Figure 7. Effect of irradiation time on the photocatalytic decomposition of congo red dye after exposure to ultraviolet light for 2 h (A). First-order
kinetic model (B).
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The degradation rate was not dependent on the dose of the
adsorbent due to the saturation of MgAl2O4. The dye that is
adsorbed can saturate the available active sites on the MgAl2O4
surface. Adding more MgAl2O4 might not necessarily increase
the degradation rate if the available sites are already occupied.

3.2.3. Effect of the Quantity of MgAl2O4 Nanoparticles.
Figure 8 illustrates the relationship that exists between the

quantity of MgAl2O4 nanoparticles and the photocatalytic
degradation percentage of the congo red dye. If the quantity of
MgAl2O4 nanoparticles is raised from 0.0125 to 0.05 g, the
photocatalytic degradation percentage of congo red dye rises
from 34.86 to 99.27% due to the enhanced presence of free
radicals. Conversely, if the quantity of MgAl2O4 nanoparticles is
further increased from 0.05 to 0.20 g, the photocatalytic
degradation percentage of congo red dye decreases from 99.27
to 84.92% because of the obstructive turbidity, which hinders
the entry of ultraviolet light and reduces the population of
generated free radicals.21−23 As a result, the optimal quantity for
achieving the maximum photocatalytic decomposition percent-
age of the congo red dye was determined to be 0.05 g.

3.2.4. Effect of Primary Congo Red Dye Concentration.
Figure 9 presents the relationship that exists between the
primary concentration of congo red dye and the percentage of
photocatalytic degradation. If the primary concentration of
congo red dye is raised from 15 to 45 mg/L, the photocatalytic
degradation percentage drops from 99.55 to 60.15%. This
decrease can be attributed to the reduced penetration of
ultraviolet light into the MgAl2O4 nanoparticles due to the
higher concentration of congo red dye.21−23

3.2.5. Effect of Reusability of MgAl2O4 Nanoparticles. The
MgAl2O4 nanoparticles derived from the initial photocatalytic
degradation experiment (first cycle) were subsequently
employed in consecutive photocatalytic degradation experi-
ments. To prepare the MgAl2O4 nanoparticles for reutilization,
they underwent multiple washes with 50 mL of ethanol and 50
mL of distilled water, followed by drying at 60 °C for 1.5 h in a
vacuum oven. Subsequently, the dried MgAl2O4 nanoparticles
were used in a second photocatalytic degradation experiment,
maintaining experimental parameters similar to those in the first
cycle. Furthermore, the reusability of these MgAl2O4 nano-
particles was assessed over four repeated cycles. Figure 10

depicts the percentage of photocatalytic degradation of congo
red dye plotted against the cycle number by employing the
MgAl2O4 nanoparticles. Remarkably, the results revealed
minimal variation in the decomposition percentage of congo
red dye after four photocatalytic cycles, confirming the potency
of the developed MgAl2O4 nanoparticles and their potential for
repeated utilization with consistent efficiency in the degradation
of congo red dye.
The claim of being able to reuse MgAl2O4 nanoparticles four

times in the photodegradation process of congo red dye without
a decrease in performance suggests that these nanoparticles
exhibit remarkable stability and efficiency. An XRD analysis of
the MgAl2O4 catalyst was performed after each use (figures
omitted for brevity), and it was found that the MgAl2O4 catalyst
was stable and did not change because the intensity or location
of the peaks does not change. Hence, theMgAl2O4 nanoparticles
possess a stable structure that endures multiple cycles of use
without significant degradation or alteration in their catalytic
activity.

3.2.6. Mechanism of Photocatalytic Decomposition of
Congo Red Dye Utilizing MgAl2O4 Nanoparticles. The
adsorption percentage of congo red dye on MgAl2O4 nano-

Figure 8. Effect of quantity of MgAl2O4 nanoparticles on the
photocatalytic decomposition of congo red dye.

Figure 9. Effect of the primary congo red dye concentration on
photocatalytic degradation.

Figure 10. Effect of reusability of MgAl2O4 nanoparticles for the
photocatalytic decomposition of congo red dye.
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particles by electrostatic attraction at pH 3 represents a very
small percentage, which is 8.28%. After that, the adsorbed congo
red dye (8.28%) and the remaining congo red dye (91.72%)
were photodegraded by MgAl2O4 nanoparticles, as illustrated in
Scheme 4. If the MgAl2O4 nanoparticles are subjected to

ultraviolet light, a process is initiated where electrons undergo a
transition from the valence band to the conduction band. This
transition leads to the generation of electrons in the conduction
band and holes in the valence band. The holes created in the
valence band then combine with hydroxide ions (OH−), which
is produced from the ionization of water and not from the
medium, to produce hydroxyl free radicals (OH•), while the
electrons in the conduction band associate with oxygen (O2) to
generate oxygen anion free radicals (O2

•−). Additionally, the
oxygen anion free radicals react with hydrogen ions (H+) to
produce peroxide free radicals (HOO•), which, upon exposure
to ultraviolet light, transform into hydroxyl free radicals.
Ultimately, these hydroxyl free radicals effectively degrade the
congo red dye, converting it into harmless gases like water and
carbon dioxide.21−23 The evolution of the CO2 gas during the
degradation of congo red dye was identified using a saturated
barium chloride solution, where a white barium carbonate
precipitate formed.
To validate the previously proposed mechanism, a range of

scavengers were introduced to assess their impact on the
photocatalytic decomposition of congo red dye. Ascorbic acid
was chosen as a potential scavenger for the generated electrons
as well as oxygen anion free radicals, while isopropyl alcohol and
ethylenediaminetetracetic acid disodium salt dihydrate were
utilized as scavengers for the produced hydroxyl free radicals and
holes, respectively.21−23 The relationship between the photo-
catalytic degradation percentage of congo red dye and the
presence of these scavengers is depicted in Figure 11A,B. The
photocatalytic degradation percentage of congo red dye in the
absence of any scavengers was found to be 99.27%. Conversely,
when employing ascorbic acid, isopropyl alcohol, and ethyl-
enediaminetetracetic acid disodium salt dihydrate as scavengers,
the photocatalytic degradation percentages were determined to

be 81.15, 36.08, and 62.83%, respectively. These results provide
clear evidence that the photocatalytic decomposition percentage
of congo red dye decreases when scavengers are introduced,
confirming the significance of oxygen anion free radicals,
hydroxyl free radicals, holes, and electrons in the degradation
process of congo red dye, as presented in Scheme 4.21−23

4. CONCLUSIONS
The Pechini sol−gel method, using tartaric acid as the chelating
agent and propylene glycol as the cross-linker, proves to be an
effective and straightforward approach for producing MgAl2O4
nanoparticles characterized by an average crystal size of 10.36
nm and an optical energy gap of 3.71 eV. The EDX analysis
reveals that these magnesium aluminate nanoparticles are
composed of 28.17% Al, 15.32% Mg, and 56.51% O. The
observed FTIR peaks at 527 and 696 cm−1 correspond to the
stretching vibrations of Al−O and Mg−O bonds, respectively.
Additionally, the FTIR peak at 3567 cm−1 arises from the
stretching vibrations of H−O−H, while the peak at 1628 cm−1

results from the bending vibrations of H−O−H. SEM analysis
reveals that these nanoparticles display a mixture of spherical
and disorganized shapes with an average grain size of 0.14 μm.
TEM analysis revealed that these nanoparticles are composed of
small spherical particles with an average diameter of 8.75 nm. If
subjected to 80 min of ultraviolet irradiation, these synthesized
MgAl2O4 nanoparticles demonstrated photocatalytic prowess,
leading to the degradation of 99.27% of 50 mL of 25 mg/L
congo red dye solution at pH 3. Notably, these MgAl2O4
nanoparticles maintained their efficiency in decomposing
congo red dye even after being reused four times.
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