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-
Significant environmental challenges require to be addressed to efficiently decompose the organic pollutants. Herein, a novel photocatalytic |
approach is proposed that leverages advanced nanomaterials to improve pollutant removal rates. The magnesium oxide nanoparticles |
were synthesized using simple chemical simultaneous precipitation method, utilizing magnesium nitrate as main precursor. The microstructural |
analysis of samples was investigated by XRD and SEM techniques. An absorption shifting toward the blue end of the spectrum observed
in UV-VIS absorption spectrum suggests the development of MgO nanoparticles. Energy-gap energies of MgO nanoparticles were examined |
as function of calcination temperature and band-gap energies decreased from 5.43-5.04 eV, a change attributed to grain growth in samples. |
This finding aligns with the particle sizes determined from XRD and SEM. The typical sizes of the synthesized nanoparticles were ranged |
between 5-23 nm. The synthesized MgO nanoparticles demonstrated remarkable light-activated catalytic efficiency for the reduction of |
methyl orange and Victoria blue dyes under UV light exposure. Based on the results, a large number of native defects is associated with
the excellent photocatalytic performance of synthesized MgO nanoparticles. I
|
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INTRODUCTION lience, excellent heat conductivity, minimal light bending coeffi-
cient and reduced electrical permittivity, high photocatalytic
action or performance, elevated electrical susceptibility and
environmental eco-friendly [9].

With the growing alongside the uses of different nano-
particles of metal oxides, MgO nanoparticles have also attracted
significant consideration and are increasingly utilized because
of their distinctive and unmatched characteristics. Magnesium
oxide nanoparticles are straightforward to produce, pose no
toxicity and cost effective. MgO nanoparticles possess a broad
array of applications across industrial and biotechnological fields,
including roles in bone regeneration, as antimicrobial agents
and in treating cryoinjury [10-12]. Additionally, they are
utilized in uranium ion sorption, catalysis, lithium-ion batteries
and toxic waste management [13]. Due to their highly corrosive
nature, the use of these nanoparticles in automotive and aero-
space fields was initially limited. However, techniques like plating
and conversion coating have reintroduced this material into these
industries [14,15]. They are also well known for their antibac-
terial properties and antimicrobial activity [16-19].

Nanotechnology offers promising advancements and serves
as a foundation for sustaining research across several domains.
It is described as a methodology focused on the preparation
and profiling, development of utilizations using materials poss-
essing a minimum of one dimension at the nanometer range
[1]. Magnesium oxide nanoparticles have been found to be gain-
ing greater emphasis than others commonly used nanoparticles
composed of metal oxides, across various fields [2-4]. The bio-
compatibility, lightweight, multifunctionality, recyclability,
non-toxicity and moisture sensitivity of these structural compo-
nents make them attractive for use in biocompatible implant
applications. These qualities significantly enhance their utility
and additional attributes for example a elevated melting tempe-
rature, low-cost manufacture, biological decomposition ability
and compatibility with biological systems, make nano-sized
MgO particles highly versatile [5-8]. Furthermore, MgO NPs
are significant because of their unique properties compared to
bulk materials. Their exceptional characteristics set them apart
from other substances. These include remarkable chemical resi-
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Various commercial sectors, including textiles, paper manu-
facturing and food processing, employ aromatic compounds
that readily disperse in water, leading to environmental pollu-
tion [20]. The waste from various industries and factories is
often discharged into water bodies, containing dangerous subs-
tances in the form of metallic toxins. The majority of colourant
wastes consist of persistent and non-decomposable azo dyes,
that can have drastic harmful effects on both human and marine
eco-systems due to their cancerous properties [21]. The high
degree of stability and intricate arrangement of these dyes render
conventional wastewater treatment techniques inadequate and
inefficient. Therefore, use of metal oxides functioning as semi-
conductors photocatalysts for the entire removal of various
harmful contaminants in nature has proven to be highly effective
over the years [22].

Semiconductor photocatalysis is an advanced and highly
effective method for wastewater remediation, providing the
significant advantage of utilizing abundant natural sunlight.
This approach is primarily leveraged for the development, anal-
ysis and exploration the photocatalytic properties of nanostruc-
ture materials, with a particular focus on their morphology and
size [23]. For example, nanostructure materials like metallic
nano-sized particles, metal oxide with porous structures, carbon
nonmaterial and their integrated structures have been widely
examined for possible uses in energy conversion, energy storage
and gas storage systems, photocatalysis and electrocatalysis
[24,25]. In the course of time, various metal based oxide non-
material like TiO,, ZnO, CdO, Bi,0Os and CuO [26-29], along
with graphitic non-material, have been utilized as effective
photocatalysts for the breakdown of natural contaminants in
aquatic and atmospheric environments [30,31]. In recent years,
a shift has occurred significant global a growing interest has
emerged in the photocatalytic breakdown of harmful organic
pollutants has garnered attention. Specifically, the effluents
containing coloured dyes generated by the textile and paper
sectors are highly hazardous and resistant to biodegradation.
Approximately 65-70% of these coloured dye wastewater consist
of azo-based dyes, which contribute to significant environmen-
tal contamination through the release of toxic and potentially
cancer causing substances into water systems [32].

The research on the photodegradation of synthetic colou-
rants through the application of MgO nanoparticles is limited
[33,34]. Within this study, the synthesis of MgO nanoparticles
using an easy chemical co-precipitation technique is presented.
TheMgO nanoparticles were characterized and conducted the
photocatalytic activity of negatively charged dye, methyl orange
dye (MO) and positively charged dye, Victoria blue (VB) under
UV light irradiation.

EXPERIMENTAL

Synthesis of MgO nanoparticles: In a typical experi-
mental procedure, 0.4 M of MgNO;-6H,0 as precursor dissolved
in 200 mL of distilled water was mixed with 0.6 M NaOH
solution dropwise while swirling constant which results in the
formation of milky-white solid residue and the agitation was
constantly done for an additional 30 min. The solid residue
was precipitated, washed and rinsed with methanol two-three

times to eliminate ion-based contaminants. The precipitate was
spunned at high speed in a centrifuge at 3000 rpm for 10 min
and then dried at ambient temperature. The dried white powder
samples were then calcined in air for 1 h at 250 °C, 350 °C and
500 °C. The synthesized MgO nanoparticles calcined at 250,
350 and 500 °C were labeled as samples 1, 3 and 6, respectively.

Characterization: A dual-beam UV-vis spectrophotometer
(Model: Systronics AU-2703) was used to study the optical
absorption. The morphological analysis was conducted using
SEM (Make: ZEISS) at 5 kV accelerating voltages. The crystal
form and stages were analyzed by X-ray powder diffraction
(XRD) with CuKo radiation (A = 1.54178 A) over a Bragg
angle range of 30° to 80°.

Photocatalytic activity: The photocatalytic potential of
synthesized MgO nanoparticles for dye degradation was evalu-
ated by employing methyl orange (MO) and Victoria blue (VB)
dyes with the ultraviolet exposure to light-ray (10 W, 30 mW/
cm?). Initially, a solution containing 100 mL of 15 mg/L. MO
and 5 mg, 10 mg, 15 mg of MgO nanoparticles (S-1, S-3, S-6)
were, respectively stirred continuously for 10 min to establish
equilibrium between adsorption and desorption. Similarly, 10
mg/L VB and 5 mg, 10 mg, 15 mg of MgO nanoparticles (S-
1, S-3, S-6) were, respectively stirred for 10 min. At regular
intervals, 10 mL of this mixture was collected then analyzed
using UV-vis spectrophotometry to measure the dye concentra-
tion in that reaction solution. The percentage of degradation
was analyzed using the following equation of methyl orange
and Victoria blue dyes [35]:

Zo=Z 100

Degradation (%) =
where Z,— Z, represents the change in dye concentration from
the initial to final value at its peak wavelength, while Z, repre-
sents the initial amount of colourant present prior to the reaction
starts [36].

RESULTS AND DISCUSSION

UV-Vis spectral studies: The formation of MgO nano-
particles was confirmed through a strong absorption band
observed at 215-225 nm is assigned to the MgO nanoparticles
[37]. The absorption peak observed at 215 nm for sample S-1,
225 nm for sample S-3, and 224 nm for sample S-6 corresponds
to the excitation of O*~ anions, which are four-fold coordinated
at the boundaries and vertices. The band gap energy was calcu-
lated by utilizing Tauc plot and found to be 5.04 eV-5.43 eV
[38] (Fig. 1).

XRD analysis: In X-ray powder diffraction (XRD), the
diffraction peak of the synthesized MgO nanoparticles, follo-
wing the total decrease of Mg** as shown in Fig. 2. The resulting
XRD diffraction patterns were analyzed 20 data in the 20° to
80° range using CuK o, radiation with a wavelength of A = 1.5406
A. A cubic structure aligns well with JCPDS card No. #721427
and JCPDS card No. 36-1451, confirmed the formation of MgO
nanoparticles. Size of the particle was measured with the help
of Debye-Scherrer (D-S) equation [39].
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Fig. 1. (a-c) UV DRS of S-1, S-3, S-6 MgO nanoparticles and (d-f) plot of (ahv)* vs. (hv) for S-1, S-3, S-6 MgO nanoparticles, respectively
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Fig. 2. XRD pattern of magnesium oxide (MgO) nanoparticles

where D0 represents the crystallite size; K is the shape factor
(0.94); A represents the X-ray wavelength (1.5402 A) and B
denotes the full width at half maximum (FWHM) of the diffr-
action peak. Based on the Scherrer equation, the typical crystal
value of this synthesized MgO NPs, identify originating
corresponding peaks, was determined and given in Table-1.

The Williamson-Hall (W-H) equation was also employed
to calculate the crystallite grain size (Dwg0) of the nanocrystal,
as described by the following equation:

BcosO=4esin0+
MgO

The computed values of various crystal parameters are
shown in Table-1.

SEM studies: Fig. 3 shows the SEM images of synthesized
MgO nanoparticles at different magnifications and revealed
the presence of large-scale flower-like structures, which was
formed due to the clumping of thin sheets [40]. These thin sheets
were merged to form a 3-D network of MgO flower-like struc-
tures, resulting in large pores that could enhance the absorption
mechanism by facilitating access to internal surface sites [41].
Even though the particles are adhered to one another, no actual
bond is formed between them. This allows each particle to retain
its distinct shape, characteristics and structure. These particles
may undergo aggregation, where they come into close physical
proximity without forming chemical bonds. The ImageJ soft-
ware was used to calculate the average nanoparticle size, which
found out to be 8-22 nm.

Photocatalytic activity: Under UV-visible light, the degra-
dation of methyl orange (MO) and Victoria blue (VB) dyes was
examined over a different interval of time periods. The MO
and VB dyes have peak UV-visible absorption wavelengths of
464 nm and 615 nm, respectively. Fig. 4 illustrates the photo-
decomposition properties of MO and VB dyes with involvement

TABLE-1
STRUCTURAL CHARACTERISTICS AND OPTICAL ENERGY BAND-GAP OF MAGNESIUM OXIDE NANOPARTICLE

Lattice Crystallite size (nm)
Sample code < - - - Band gap (eV)
constant (A) D-S method W-H method Micro structural comparison (SEM analysis)
S-1 4.248 8 5 6 5.43
S-3 4.276 15 11 8 5.15
S-6 4.251 22 19 22 5.04
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Fig. 4. Time-dependent absorption spectra curves of methyl orange dye solution with (a) S-1, (b) S-3 and (c) S-6; comparison of (d) degradation

kinetics and (e), (f) degradation rate of methyl orange dye under varying conditions

of S-1, S-3 and S-6. The potential of synthesized MgO nano-
particles maximum absorbance at 464 nm for MO and 615
nm for VB decreased as exposure time increased, indicating a
photocatalytic dye breakdown process. In presence of S-1, S-3
and S-6, the MO solution becomes completely colourless after
270 min, 270 min and 300 min of exposure to radiation, in the
same order, while the VB dye becomes colourless following
120 min, signifying the full breakdown of dye compounds by
MgO nanoparticles. The degradation efficiencies of S-1, S-3
and S-6 for MO dye were measured at 93%,91.5% and 91%,
(Fig. 4e-f) respectively whereas the degradation efficiencies
of S-1, S-3 and S-6 for VB dye were found to be 97%, 96%
and 95 %, respectively (Fig. Se-f). The enhanced degradation
efficiency of S-1 for both MO and VB dyes signifies its superior
photocatalytic ability. The improved degrading efficacy of S-1
can be attributed to its tiny crystallite structure, which enhances
the surface area-to-volume ratio of the catalytic agents, leading

to a higher number of active sites and surface hydroxyl groups
[42]. Therefore, a large ratio of surface expanse to volume can
enhance interaction between photocatalyst and the dye particles,
leading to increased effectiveness of degradation.

Furthermore, the absorbance analysis were employed to
analyze the rate of decomposition reaction utilizing the approx-
imate first-order kinetic equation [43].

ln£=Kt
Z

Figs. 4d and 5d illustrate the plotting of the logarithm to
the base of the ratio of concentration [L.n (Z,/Z)] against exposure
time to radiation for MO and VB dyes, in the corresponding
order. The concentration levels on a logarithmic scale change
proportionally over time, indicating that the photodegradation
of MO and VB dyes follows first-order reaction kinetics. The
reaction variables, including the degradation rate constant (K.),
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Fig. 5. Time-dependent absorption spectra curves of Victoria blue dy

e solution with (a) S-1, (b) S-3 and (c) S-6; comparison of (d) degradation

kinetics and (e), (f) degradation rate of Victoria blue dye under varying conditions

half-life durations (t,,) and linear coefficient (R?), derived from
kinetics plots for MO and VB dyes, are presented in Table-2,
which clearly demonstrates that S-1 possesses a higher rate
constant and shorter (t,) values compared to S-3 and S-6 for
both MO and VB dyes, emphasizing the superior photocatalytic
performance of S-1. The variation in degradation rates between
the two dyes can be attributed to their structures and physico-
chemical characteristics, such as molecular dimension [44].
As the molecular structure of VB (458.05 g/mol) is significan-
tly larger than that of MO (327.340 g/mol), so it requires a longer
duration of exposure for total degradation of VB dye. In comp-
arison with earlier study on MgO in photocatalysis, which
revealed that VB dye degrades at 88% [45] and MO dye at 90%
[46], this study highlights effective VB and MO degradation
efficiencies of 97% and 93%, respectively.

Conclusion

In this work, an enhanced light-driven catalytic perfor-
mance of flake-like MgO nanoparticles synthesized by chemical
co-precipitation method is investigated. The existance of the
uniform phase, box-shaped MgO nanoparticles with a flake-
like structure and high levels of inherent defects was character-
ized by the XRD, SEM and UV-DRS techniques. The MgO nano-
particles synthesized in the optimal conditions were employed

to break down methyl orange (MO) and Victoria blue (VB)
dyes via photocatalysis. The results confirmed the typical decr-
ease in the absorption curve of MO and VB dyes during degrad-
ation process. The reaction rates demonstrated that the first-
order rate equation yielded the best fit, as evidenced by the R?
value. Furthermore, it was employed to examine the influence of
dye concentration and catalyst concentration on the percentage
of degradation. The results indicate that the produced MgO
nanoparticles are a viable choice for the efficient photocatalytic
degradation of MO and VB dyes.
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TABLE-2
KINETIC VARIABLES OF MgO NANOPARTICLES FOR THE DEGRADATION OF METHYL ORANGE AND VICTORIA BLUE DYES
Sample code Methyl orange . Victoria blue .
Rate const. tin R Rate const. tin R
S-1 0.01 69.31 0.84218 0.02792 24.82 0.96794
S-3 0.00852 81.35 0.93465 0.02687 25.79 0.99735
S-6 0.00778 89.09 0.87174 0.02471 28.04 0.99212
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