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a b s t r a c t
In this study, a facile green synthesis method was adopted for the fabrication of magnesium oxide 
nanoparticles (MgO-NPs) from Calotropis gigantea (Aak plant) root extract which acted as a cap-
ping and reducing agent. The fabricated MgO-NPs were characterized by UV-Vis spectroscopy, 
Fourier-transform infrared spectroscopy (FTIR) and high resolution-scanning electron microscopy 
to determine optical, morphological and biological characteristics. UV-Vis spectra results showed 
an absorption peak at 317  nm whereas scanning electron microscopy showed spherical morphol-
ogy of the synthesized MgO-NPs. FTIR spectra of the root extract confirmed the presence of phy-
tochemicals, that is, amines, phenols, amides and ketones. Methylene blue (MB) dye was used as 
model contaminant to assess catalytic reduction potential of the synthesized MgO-NPs. Results 
obtained showed that biogenic MgO-NPs are suitable for catalytic reduction of MB dye and, when 
assembled in a sustainable manner, MgO-NPs have the potential to be used for the removal of 
toxic organic pollutants from industrial effluents.
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1. Introduction

Nanoparticles have gained substantial interest because 
of their microscopic size and large surface-to-volume ratio, 
the result of which is a substantial shift in their different 
characteristics including biological, physical, chemical, 
pharmacological, catalytic, electrical and thermal proper-
ties [1,2]. Nanoparticles (NPs) based on metal oxides (MO), 
notably magnesium oxide (MgO), have been the focus 

of interest for the past couple of decades because of their 
peculiar, remarkable and exclusive attributes including 
low electrical conductivity [3], outstanding refractive index 
[4], flame-resistance [5], dielectric resistance [6] and higher 
thermal stability [7] which make them potentially useful in 
catalysis [8], electrochemical biosensors [9], medical and 
biomedical applications [4,10], as an antibacterial agent 
[11] and optoelectronic devices [12]. Over the years, there 
have been many studies reported on the improvements 



M.I. Din et al. / Desalination and Water Treatment 316 (2023) 445–451446

that have been made to the fabrication of magnesium 
oxide nanoparticles (MgO-NPs) due to their outstanding 
properties and wide range of uses.

Nanomaterial substances have been synthesized by a 
variety of approaches comprising chemical, physical and 
even biological applications [13,14]. Physical synthesis 
employs mechanical forces to split apart massive particles 
or utilize atom beams in order to produce nanoparticles 
[15]. Physical vapor deposition (PVD), mechanical milling 
and sputtering are the commonly employed physical meth-
ods [16–18] for the biosynthesis of nanoparticles. The phys-
ical approaches were accomplished under tough working 
conditions and with energy-intensive experimental setup 
[19]. The chemical synthesis of NPs involves the generation 
of ions through a series of chemical processes. Chemical 
vapor deposition (CVD), liquid phase method, sol–gel, 
co-precipitation, hydrothermal, colloidal method, reduction 
method and electrodeposition (ED) are some of the usu-
ally employed chemical methods for NPs synthesis [20–24] 
but synthesis using chemical pathways required the use of 
toxic organic solvents and harmful reducing agents, which 
produced undesired intermediates that had a severe effect 
on the surrounding ecosystem [25,26]. Due to the draw-
backs associated with chemical and physical procedures, 
researchers are looking towards biological approaches 
as a viable alternative.

One biosynthesis strategy for nanoparticles which helps 
eliminate hazardous byproducts, and is engaged in opti-
mizing nanoparticle diameter, is plant extract assisted synthe-
sis [27,28]. The existence of phytochemicals in plants, which 
function as both a reducing agent and a stabilizing agent, is 
a crucial factor which contributes to the acceleration of the 
production of nanoparticles. For the creation of metal oxide 
nanoparticles, phytocomponents such as polyphenols (phe-
nolic acid, flavonoids and terpenoids), organic acids and 
proteins are being studied as potential bio-reducing and 
stabilizing agents [29,30]. Many researchers estimate that 
plant extracts, because of the high number of phytochem-
icals that are included in them, have the potential to accel-
erate the production of metal oxide nanoparticles [31,32]. 
Abdallah et al. [33] reported plant-mediated biosynthesis of 
MgO nano-flowers (MgO NFs) having <20 nm in size which 
exhibited potent antibacterial activity against the patho-
gen Xoo (rice bacterial blight). These NFs were synthesized 
using rosemary (Rosmarinus officinalis L.) which exhibits 
strong antibacterial properties. Ogunyemi et al. [34] fab-
ricated magnesium oxide (MgO) and manganese dioxide 
(MnO) nanoparticles using Matricaria chamomilla L. extract 
and used it as an alternate management strategy to counter 
bacterial brown stripe (BBS) condition by immersing rice 
seedlings in the solution of bio-fabricated nanoparticles.

Therefore, the purpose of this study was to find solu-
tions to the numerous issues that are caused by the tradi-
tional methods that are applied throughout the manufac-
turing process of nanomaterials. The extract of Calotropis 
gigantea (Aak plant) roots was used for this purpose, 
rather than potentially damaging supportive media and 
reducing agents. C. gigantea Linn belonging to the family 
Asclepiadaceae, is a well-known medicinal herb having 
phytochemical components flavonoids, tannins, saponins, 
phenolic compounds and alkaloids. All parts (roots, leaves, 

flowers and stem) of the plant are used in the treatment of 
different diseases including bronchitis, asthma, gastrointes-
tinal irritation, joints pain, swelling and tooth decay. In par-
ticular, roots are utilized in the treatment of lupus, tubercu-
lous leprosy as well as syphilitic ulcers [35–38]. Some other 
applications include use as biofuel, bio pesticides, surfac-
tant and as a dehairing agent of leather [39–41]. Owing to 
its high antioxidant potential, which makes it an effective 
reducing as well as stabilizing agent for the synthesis of 
metal oxide NPs, a number of different studies have been 
conducted on the extract of various parts of the C. gigantea 
plant including the leaves, flowers and latex. These studies 
have been done in order to produce a variety of MO-NPs 
[42]. Till date, no data has been published on the utilization 
of C. gigantea root extract in the production of MgO-NPs. 
In addition to this, MgO-NPs application in the catalytic 
reduction of methylene blue (MB) dye was also studied.

2. Materials and methods

C. gigantea was obtained from the local vicinity of Lahore 
City, Pakistan. All chemicals used were of analytical grade 
and obtained from Sigma-Aldrich. No further treatment 
or purification was carried out. Magnesium nitrate hexa-
hydrate [Mg(NO3)2·6H2O] was used as a precursor salt for 
MgO-NPs synthesis along with distilled water (H2O). Other 
chemicals used include sodium borohydride (NaBH4) and 
sodium hydroxide (NaOH).

2.1. Preparation of C. gigantea root extract

To prepare the root extract solution for C. gigantea plant, 
the roots were first washed with tap water and then thrice 
in distilled water to remove any remaining dirt. Further, the 
roots were ground to make root powder after which 15  g 
of root powder was dissolved in 100 mL diluted water. The 
solution was boiled at 80°C for 3  h. In order to purify the 
root extract, filtration was carried out using Whatman fil-
ter paper. Appearance of a yellowish hue was observed in 
the aqueous solution. Thus, an aqueous root extract solu-
tion using C. gigantea plant, which serves as a capping and 
reducing agent, was formed.

2.2. Preparation of MgO-NPs

In the process of MgO-NPs synthesis, a beaker con-
taining 20 mL of a solution containing 1 M Mg(NO3)2·6H2O 
was combined with 20  mL of root extract solution using 
microwave assisted method. The solution was stirred con-
tinuously on a hot plate with magnetic stirrer at 90°C for 
120  min. The solution started to form a yellowish-brown 
color indicating that the Mg-salt precursor was being con-
verted into MgO-NPs. The solution was then centrifuged 
for 10–15  min at 45,000  rpm in a centrifugation machine 
and then analysed using Fourier-transform infrared spec-
troscopy (FTIR) and UV/Vis spectroscopy to determine 
fabrication of the MgO-NPs. After multiple washings of 
the centrifuged solution in distilled water followed by fil-
tration, the obtained precipitates were dried in an oven 
for 1 h before being calcined in a muffle furnace at a tem-
perature of 400°C for 2  h. Fine powdered MgO-NPs were 
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obtained by grinding in a pestle and mortar and then 
stored in airtight sample vials for further use.

2.3. Characterization of synthesized MgO-NPs

C. gigantea root extract was effectively used to gener-
ate MgO-NPs by acting as a capping and reducing agent. 
The optical, morphological and biological characteristics of 
the MgO-NPs under study were analyzed.

2.3.1. Fourier-transform infrared spectroscopy

In this study, FTIR spectra obtained in the range of 400–
4,500  cm–1 was used to determine the chemical constituent 
and functional group present in the MgO-NPs under study.

2.3.2. UV-Visible spectroscopy

UV-Vis spectroscopy was used to record the optical 
characteristics of the nanoparticles. Utilizing UV-Visible 
spectroscopy, it was possible to determine the properties of 
MgO-NPs that were produced by reducing Mg ions. The 
synthesized MgO-NPs were initially characterized using a 
double beam LAMBDA-3500 UV-Visible spectrophotometer 
with a resolution of 0.1 nm.

2.3.3. Scanning electron microscopy

Scanning electron microscopy (SEM) analysis enabled 
visualization of the surface morphology of the studied 
MgO-NPs. Prior to analysis the sample was dried for 5 h at 
100°C. To investigate the morphological peculiarities of the 
synthesized MgO-NPs, high resolution-scanning electron 
microscopy at 25 kV was employed.

2.4. Catalytic reduction

Double beam UV-Vis spectrophotometer was employed 
to analyze the catalytic reduction of MB dye. MB dye solu-
tion (1.5  mL), 6  mM NaBH4 solution (0.6  mL) and 0.1  mg/
mL (0.4 mL) MgO-NPs were mixed together and placed in a 
2.5 mL quartz cuvette. A range from 260 to 760 nm was cho-
sen as the acceptable values for the wavelengths. UV spectra 
were continuously scanned while monitoring the procedure 
until the absorbance level stabilized. The intense blue color 
of the MB dye solution started to fade away thus becoming 
colorless hence confirming the reaction was complete. The 
color and absorption strength of the solution were monitored 
in real time using UV-Vis spectrometer. Catalytic degrada-
tion of the MB dye solution was expressed as a percentage:

%D
A A
A
o t

o

�
�

�100 	 (1)

where A0 = Initial concentration and At = Final concentration

3. Results and discussion

3.1. UV-Vis analysis

The most common method for monitoring the proper-
ties of NPs is performed using ultraviolet–visible (UV/Vis) 

spectroscopy [43]. The successful synthesis of MgO-NPs 
was confirmed by the appearance of an absorption peak at 
314 nm for the particles analysed prior to calcination (Fig. 1). 
This gives evidence for the reduction of Mg(NO3)2 as well 
as the appearance MgO-NPs. In most cases, the featured 
peak produced for MgO-NPs under UV/Vis can be found 
between 280 and 400 nm. After the nanoparticles had been 
synthesized they were calcined and an absorption peak 
at 317  nm was measured. The fact that the peak location 
moved very slightly in either direction indicates that the 
calcination procedure altered the properties of the NPs. It 
is possible that the shifting of this peak position in the UV 
spectrum can be attributed to the calcination process which 
removes the capping agent from the NPs. Furthermore, a 
longer calcination time may result in larger nanoparticles in 
addition to the creation of crystals of varying sizes [44,45]. 
The data that have been presented is consistent with that 
reported by Almontasser et al. [46] with λmax at 380 nm.

3.2. FTIR analysis

The FTIR spectra of plant-mediated MgO-NPs is shown 
in Fig. 2. FTIR spectroscopic analysis was used to explore 
the chemical changes that may have taken place during 
the formation of MgO-NPs. Phenol, ethanol, amino acids, 
alkanes, alkynes and carboxylic acids were all identified 
in the root extract using FTIR. Based on these structural 
motifs, it can be inferred that the root extract contains alka-
loids, flavonoids, polyphenols, terpenes and terpenoids. 
Fig. 2a shows FTIR spectra of root extract. The obtained 
broad band at 3,237–3,465 cm–1 refers to O–H group stretch-
ing. The absorption value at 1,530  cm–1 indicates the pres-
ence of an aromatic ring. Broad bands at 3,380; 2,123 and 
1,530  cm–1 show the presence of hydroxyl group (–OH), 
aldehydes group, aromatic and amines ring, respectively. 
Multiple published investigations have shown that peaks 
at the 724  cm–1 position for MgO can be seen between the 
range of 500 and 800 cm–1, proving that MgO-NPs were suc-
cessfully synthesized (Fig. 2b). Pugazhendhi et al. [47] used 
an aqueous extract of the brown algae Sargassum wightii to 

 
Fig. 1. UV-Vis spectrum of plant mediated MgO-NPs.
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biosynthesize MgO-NPs. The study of an absorption maxi-
mum between 660 and 540 cm–1, which suggests Mg–O bond 
stretching, validated the synthesis of MgO-NPs. Research 
into its photocatalytic, anticancer and antibacterial proper-
ties was also conducted. Fouda et al. [48] reported that MgO-
NPs can be synthesized by using environmentally friendly 
methods, as evidenced by the presence of a stretching band 
at 437–677 cm–1. Biosynthesized MgO-NPs have been shown 
to be useful for photocatalytic reductions of tannery effluent 
and elimination of hazardous environmental contaminants 
from textile colors. O–H stretching vibrations are respon-
sible for the 3,734 cm–1 band, whereas the weaker bands at 
1,675 and 1,510 cm–1 are attributable to C–H bending vibra-
tions. C=O, C–O stretching and S=O stretching are all possi-
ble explanations for the peaks at 2,328; 1,219 and 1,351 cm–1,  
respectively.

3.3. SEM analysis

The scanning electron micrograph of the synthesized 
MgO-NPs generated under optimal conditions and hav-
ing a size scale of 10 µm (1,000 nm) can be seen in Fig. 3. 
The topological examination of the nanostructures revealed 
that they had a spherical morphology and their average 
size was found to be less than 100 nm. Agglomeration was 
also seen in some locations as shown by a few large clus-
ters that can be seen in the SEM image. This phenomenon 
can be explained by the synthetic route that was taken and 
the biological inhibition competence of the phytochemicals 
that were found in the plant extract. Another reason is that 
the electrostatic attraction and polarity of magnesium NPs 
led to some agglomeration of the produced nanoparticles, 

which can be seen in the image. In these SEM images, 
the surface morphologies resembled clusters of spherical 
nanoparticles. The obtained results can be closely related 
to the data available in literature. Suresh et al. [49] high-
lighted that SEM photographs of the obtained magnesium 
nanoparticles showed that the prepared powders contained 
a combination of fine and coarse granules of the product 
particles. Smaller grains of irregular size were seen in cer-
tain samples while larger particles were more noticeable in 
others. Based on scanning electron micrographs, the aver-
age size of nanoparticles was between 60 and 70  nm. The 
topological examination of the nanostructures carried out 
by Khan et al. [4] revealed that they had a spherical mor-
phology and their average size was found to be less than 
50  nm. Agglomeration was also seen in certain locations, 
which was denoted by a few large clusters.

3.4. Catalytic reduction of MB dye

In this part of the study, feasibility of employing MgO-
NPs as a catalytic degrading agent for MB with NaBH4 as 
a reductant is explored. Reducing methylene blue catalyti-
cally is crucial because it is highly hazardous yet its reduc-
tion product is safe and environmentally sustainable. The 
degradation of MB dye with NaBH4 is only thermodynam-
ically feasible but not kinetically. Hence, efficient MgO-NPs 
catalyst has been used in basic medium to evaluate the reduc-
tion of MB dye. The MgO-NPs work efficiently with NaBH4 
along with MB. For the catalytic reduction pathway to work, 
both the contaminant molecules and the BH4

–1 ions must be 
brought to the surface of the MgO-NPs (Fig. 4). The boro-
hydride ion aids in transfer of electrons on the MgO surface 
which results in formation of hydride ions. These hydride 
ions further react with protons to form molecular hydrogen 
[Eq. (2)]. The MgO catalyst provides an electron from its con-
duction band which aids in generation of active hydrogen 
from molecular hydrogen [Eq. (3)]. The generated hydrogen 
further reacts with MB dye and degrades it into leuco-meth-
ylene blue. However, as the reaction continues, the blue color 
of the dye diminishes and eventually disappears, leaving 
behind a colorless residue. When the chemical reaction is 

 

 

(a)

(b)

Fig. 2. Fourier-transform infrared spectroscopy analysis of 
(a) Aak plant root extract and (b) synthesized MgO-NPs 
using Aak plant root extract.

 
Fig. 3. Scanning electron microscopy image of magnesium NPs.
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complete, resulting products diffuse away from the cata-
lysts site and into the surrounding bulk material [50,51].

NaBH H O NaBO H24 4 2� � � 	 (2)

MgONPs H H MgONPs H� � � �2 	 (3)

Using a double beam spectrophotometer, the degrada-
tion was monitored by taking absorbance measurements 
at 664 nm at 1.5 min intervals. Fig. 5 shows that the degra-
dation of MB was completed in 30  min in the presence of 
MgO-NPs catalyst.

A graph depicting how absorbance changed with time 
is illustrated in Fig. 6a and b. This allowed the reaction rate 
to be determined using the Beer–Lambert law, which com-
pares the absorbance of a reactant molecules at a given 

characteristic time (t) to its absorption at the beginning of 
the experiment (At/A0), where (At/A0) is proportional to the 
concentration of the reactant molecules at the beginning of 
the experiment (Ct/Co). Success in removing MB dye was 
shown by a gradual and linear decrease in ln(At/A0) values  
over time.

Research has shown that the catalytic reduction of 
MB, like the reduction of many other aromatic pollutants, 
appears to generally obey first-order kinetics. This section 
presents the fundamental equation of first-order kinetics:

k
d
dtapp dye
dye� � � � � �

	 (4)

3.5. Stability of MgO-NPs catalyst

Every catalyst’s recyclability demonstrates its stability, 
durability, market sale and sustainability. A stable catalyst 
maintains its activity even after several cycles of recycling 
[52]. To check the efficiency of biogenic synthesized MgO-
NPs catalyst, MB was selected as a model pollutant. For 
this purpose, the MgO-NPs were separated, washed and 
dried in an oven. The MgO-NPs catalyst was then re-dis-
persed in water for further reaction. The percentage activity 
(%) of MgO-NPs was calculated using Eq. (5).

 
Fig. 4. Catalytic reduction mechanism of methylene blue.

 
Fig. 5. UV-Vis spectra of methylene blue reduction using MgO-
NPs as catalyst.

 
Fig. 6. (a) Kinetic study for degradation of methylene blue dye and (b) percentage degradation for photocatalysis of methylene 
blue dye.
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The MgO-NPs catalyst showed excellent stability while 
a small decrease in catalytic yield was observed. Fig. 7 illus-
trates that the catalyst showed excellent performance even 
after 5 cycles. The MgO-NPs showed slight decrease in 
reduction of MB dye even after five cycles. However, the 
slight decrease in catalytic performance was observed due 
to loss of MgO-NPs catalyst during washing and drying  
process.

4. Conclusion

Low-cost and environmentally friendly methods were 
used to produce MgO-NPs using C. gigantea (Aak plant) 
root extract. The root extract of Aak plant was used as a cap-
ping cum shape-directing agent to regulate the morphology 
and size of the nanoparticles. The synthesized MgO-NPs 
were successful in mitigating the environmental pollutant 
MB dye. Also, MgO-NPs were found to degrade at a rate 
of 97%. These results indicate that MgO-NPs assembled 
in a sustainable manner have the potential to be used for 
the removal of toxic organic pollutants, such as MB dye, 
from industrial effluents.
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