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1. Introduction
Inorganic metal oxide nanoparticles received 

much attention due to its chemical and thermal 
stability unique electrical catalytic and magnetic 
properties [1]. Nowadays, inorganic metal oxide 
nanoparticles received remarkable amount of 
awareness and tremendous research is carried 
out in this area to develop new techniques for 
the fabrication of nanoparticles and to explore 
their different biological and photocatalytical 
applications [2-3]. At present different physical and 
chemical methods are involved in the fabrication 
of nanoparticles these methods have unintentional 

effects like environmental pollution, a large amount 
of energy required, and health issues [4,5]. Among 
the biological alternatives, plants or plant extracts 
seem to be the best option. The nanoparticles 
developed by utilizing different plant extract are 
more stable and the rate of the reaction of this 
synthesis is much faster as compare to the synthesis 
involve in the development of nanoparticles by 
utilizing microorganism [6,7]. The plant produces 
many phytochemicals which play a significant role 
in the biological synthesis of ceramic nanoparticles. 
Nanoparticle production using microbes and plants 
by green production technology is safe, low-cost, 

Among the various available nanoparticles ‘inorganic nanoparticles’ are more promising due to their wide range of 
application. MgO Nanoparticles (MgO NPs) is a very important inorganic metal oxide nanoparticle due to their diverse 
field of applications. There are so many physical and chemical methods are available to fabricate potentially useful 
MgO NPs. The proposed research work highlighted a novel green synthesis method for the fabrication of MgO NPs by 
using waste material peanut shell as a precursor.  The green synthesized MgO NPs are characterize by the techniques 
like XRD, SEM, FTIR, UV-Vis Spectroscopy. The green synthesized MgO NPs are crystalline in nature & the tetragonal 
structure of MgO NPs was determined by XRD, various functional groups present on the surface of the synthesized 
nanoparticles was determined by FTIR and average particle size of green synthesized MgO NPs is 25-30 nm, found as 
result by SEM and XRD analysis. Two important applications photocatalytic activity and antibacterial activity of the 
synthesized nanoparticles was investigated in the proposed research work. The green synthesized MgO NPs show 
remarkable photo catalytic activity against the Indigo Ceramine and Rhodamine dyes and approximately after 60 
min the photocatalyst completely remove the dyes from the solution. The Green synthesized MgO NPs show highest 
antibacterial activity against the pseudomonas aeruginosa (19 mm) bacteria.

Keywords: Antibacterial Activity, Green Synthesis, MgO Nanoparticles, Photocatalysis.

Journal of

Ultrafine Grained and

Nanostructured 
Materials

http:// chuaiminme@163.com
http://waseemahmad8@gmail.com
http://10.22059/jufgnsm.2023.01.xx
https://ut.ac.ir/en
https://jufgnsm.ut.ac.ir/
https://jufgnsm.ut.ac.ir/


76

Ahmad W, J Ultrafine Grained Nanostruct Mater, 56(1), 2023, 75-83

and eco-friendly [8]. Metal-oxide nanoparticles 
show an important role in numerous fields of 
technology with sensing, catalysis, storage of 
energy, changing and electroceramics, etc. This is 
predictable that they could show new properties at 
the nanoscale [9]. 

An inclusive range of metal oxide nanoparticles 
has been synthesized using metal targets with 
nickel (Ni), cobalt (Co), magnesium (Mg), iron 
(Fe),  aluminum(Al), copper (Cu), cerium (Ce), 
bismuth (Bi), yttrium (Y). Metal oxide NPs 
are among maximum used nanomaterials. e.g., 
aluminum and iron oxides and titanium dioxide 
(TiO2) have been used for many years, but presently, 
nano-sized forms that arrived on the market are 
being used in dissimilar consumer products [10-
12]. Zinc oxide (ZnO), and titanium dioxide 
(TiO2) are widely broken due to their photolytic 
properties. Semiconductor nanoparticles such as 
zinc oxide nanomaterials have a large surface area 
and thermal stability and antimicrobial properties. 
These metal oxide nanomaterials are chemically 
fixed and are used in a kind of various applications 
[13].

The use of ceramic and semiconductor 
nanoparticles as nano photocatalysts in the 
decontamination of polluted water contaminated 
with the organic pollutant like organic dyes, and 
pharmaceutical and agricultural waste is becoming 
one of the major thrust areas of research during 
the last few decades [14,15]. In this heterogeneous 
photocatalytic degradation of dye in presence of 
metal and ceramic nanoparticles, different kinds 
of reactive intermediates are produced [16]. When 
the ceramic nanoparticles are irradiated with light 
having energy equal or larger than the band gap 
of valence band and conduction band then the 
electron and hole pair is produced on the surface 
of these nano photocatalysts and on the surface of 
the catalyst they participate in the redox reaction 
and generated highly reactive reaction species like 
superoxide radical anion and hydroxyl free radical 
species [17-19]. These reactive species interact 
with the organic pollutants and converted them 
into non-toxic products [20]. 

Among the various available inorganic metal 
oxide nanoparticles MgO NPs received much 
attention due to their unique biocompatibility and 
chemical stability [21]. MgO NPs are used in the 
manufacturing of crucibles, refractory materials, 
and as coating materials [22]. MgO NPs can be 
applied in electronic devices, as an antimicrobial 

agent, as an additive in catalysis, in ceramics, and 
several other fields [23]. The MgO NPs have a large 
surface area for better adsorption, a large band gap, 
and notable thermodynamic stability. It has also a 
low refractive index and low dielectric constant. 
All these properties make MgO NPs a suitable 
candidate For the photodegradation of organic 
pollutants [24]. Conventional methods available 
for the fabrication of MgO NPs require lots of toxic 
chemicals and these methods generated different 
kinds of toxic byproducts which create serious 
environmental and biological threats [25]. To 
overcome these obstacles present in the chemical 
generation of nanoparticles, green synthesis 
of ceramic and semiconductor nanoparticles 
provides a clean safe and ecologically responsible 
method for the manufacturing of ceramic and 
semiconductor nanoparticles. Biofabrication of 
MgO NPs is still an unexplored area of research 
and has lots of research possibilities. 

Accordingly in the present research work, we 
are trying to elaborate a facile green synthesis 
method for the fabrication of MgO nanoparticles 
and their potential application in wastewater 
treatment and as a potential antibacterial agent.

2. Materials and method
2.1. Reagents and chemicals 

The different kinds of starting materials like 
MgNO3, ethanol, NaOH, Indigo Carmine, and 
Rhodamine were purchased from High Purity 
Laboratory Chemicals Pvt. Ltd India. The reagent 
and chemicals involve in this study were of 
analytical grade. 

2.2. Isolation of peanut shell extract
Peanut shell extract was prepared by using the 

Soxhlet extraction technique, this apparatus has a 
thimble containing a sample, at the top condenser is 
present and at the bottom heating mental contains 
a round bottom flask with the suitable solvent in 
the present case water is used as a solvent. Now, 
first peanut shell was collected from Dehradun’s 
area, then it was crushed, and this crushed shell 
measured about 25 g filled carefully in a thimble 
and in the round bottom flask 250 mL water. The 
extraction is a continuous process for 3-4 h till the 
color of the solvent present in RBF is changed. The 
extraction solvent was unceasingly cycled through 
the medium by boiling and condensation, with the 
sample being collected in the hot solvent (Fig.1) 
[26]. 
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2.3. Bio fabrication of MgO NPs
For the fabrication of MgO NPs, a 50 mL 

aqueous magnesium nitrate solution (1 mM) was 
added carefully to the 5 mL isolated peanut Shell 
extract. These reaction mixtures were kept on 
magnetic stirring at 4000 rpm and the temperature 
of the test solution was maintained at 600C when 
the desired temperature was reached and added 
drop by drop NaOH solution to the reaction 
mixture. After approximately 20 min of continuous 
stirring there is slight modification in the color of 
the test solution from light brown color to dark 
brown.These color changes initially indicate the 
formation of MgO nanoparticles. The prepared 
reaction mixtures were then centrifuged at 12000 
rpm for about 15 min and collected the prepared 

nanoparticles. The fabricated nanoparticles were 
washed thoroughly with distilled water. The 
resulting products (nanoparticles) were calcined 
at 4000C in a muffle furnace for about 20 min to 
acquire fine MgO nanoparticles (Fig. 2) [27].

2.4. Characterization of MgO NPs
Biosynthesized MgO NPs nanoparticles were 

structurally analyzed by using a different technique 
such as X-ray diffraction (XRD) which has been 
achieved using a Rigaku diffractometer. UV-Visible 
absorbance spectra of the developed nanoparticles 
were evaluated by using a systonic UV spectrometer. 
FTIR (Fourier transform infrared spectroscopy) has 
been passed out by using a thermo scientific FTIR 
spectrophotometer. The SEM (scanning electron 
microscopy) images of synthesized nanoparticles 
have been achieved on Zeiss-evo-18 SEM. 

2.5. Photocatalytic Activity 
Organic dyes are widely used in many industries 

and approximately 10-15% of these dyes are 
released into near water bodies. These discharges 
in near water bodies create a serious environmental 
threat to human beings and aquatic animals. MgO 
NPs can degrade the solution of different dyes in 
various conditions of temperature and light. In 
the proposed research work two different dyes 
namely Indigo carmine and Rhodamine are used. Fig. 1- Isolated leaf extract by soxhlet extraction techniques.

Fig. 2- Bio fabrication of MgO NPs using peanut shell extract.

 

 

Fig.2: Green synthesis of MgO NPs using peanut shell extract 

 

 

Fig.1: Isolated leaf extract by soxhlet extraction techniques 
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First, we prepared 50 mL 1 ppm aqueous solution 
of both dyes, and 0.2 g/L of green synthesized 
nanocatalyst was added into the solution of both 
dyes these solutions are now placed in a sonicator 
for about 10-15 min so that the nanoparticles 
are properly dissolved in a dye solution. These 
prepared solutions of dyes are placed under 
natural solar light and observe the color variation 
of the dye solution. The photocatalytic activities 
of the prepared nanoparticles were evaluated by 
measuring the absorbance of the 2 mL centrifuged 
aliquot of dye solution at regular intervals of 10 
min in a UV spectrophotometer [28]. 

2.6. Antibacterial activity
Nanotechnology proposes a way to develop 

advance new inorganic antibacterial agent. In this 
work, we use three bacterial strains to examine the 
antibacterial property of the developed MgO NPs. 
For this purpose first the three clean Petridis were 
taken and the three different bacterial strains were 
spread through all these three Petridis. Filter disc 
loaded with different concentration (20%, 30%, 
and 40%) of the developed nanoparticles and a 

standard antibacterial agent was kept on the surface 
of the  plate. The plate was kept for overnight in 
an incubator and next day examine the zone of 
inhibition to report the antibacterial activity [29].

3. Results and discussions
3.1. Characterization
3.1.1. UV-Visible analysis

The optical properties of the developed 
nanoparticles were evaluated by using UV visible 
spectroscopic analysis. The optical properties 
was largely depends upon the shape, size and the 
interaction of the other particles were present 
on the green synthesized nanoparticles surface. 
UV-Visible absorbance spectra of prepared NPs 
have been shown in fig.3. The graph depicts the 
absorption spectra of MgO NPs in a range of 
200-800 nm. The strong peak that exists at 350 
nm explains about the surface properties of the 
created magnesium oxide nanoparticles (Fig.3).The 
nanoparticles have been detected to be dark brown 
in color. The Similar observations are recorded by 
other authors [30]       

3.1.2. SEM (Scanning electron microscope) analysis 
Of MgO

The SEM micrograph of the developed MgO 
NPs were used to analyze the surface morphology 
of the developed MgO NPs. Fig. 4 reveals an 
image obtained as a result of SEM describing the 
morphological structure having a tetragonal shape 
of MgO NPs with small amount of the gathering 
due to this gathering formations it was difficult 
to describe the clear structural shape of these 
nanoparticles therefore there is different shape 
and size shown in the image.The average particle 
size of the developed nanoparticles were found 
in the range of 25-30 nm. The SEM images of the Fig. 3- UV Visible spectrum of Green Synthesized MgO NPs.

 

 

Fig. 4: SEM micrograph of the green synthesized MgO NPs 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3:  UV Visible spectrum of Green Synthesized MgO NPs. 

Fig. 4-  SEM micrograph of the developed MgO NPs.
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developed MgO NPs showed that the prepared 
powders contained a mixture of fine and large 
grains including irregular size, although others had 
apparent bulk particles along with irregular shapes 
[31,32].

3.1.3. XRD analysis
Fig. 5 shows the XRD pattern of the developed 

MgO NPs obtained by utilizing the peanut shell 
extract. The XRD spectra of the synthesized 
nanoparticles show the peaks at diffraction 
angles 36.97, 42.93, 62.32, 74.71, and 78.61 which 
correspond to the lattice planes at (111), (200), 
(220), (311), and (222) of a tetragonal structure 
of magnesium respectively and clear that the 
MgO NPs are crystalline in nature. Similar XRD 
analysis for the bio fabricated MgO NPs reported 
by other authors [33]. Based on the XRD result of 
the fabricated nanoparticles, the average crystallite 
size of the developed MgO NPs was evaluated by 
utilizing the Debye–Scherrer equation.

d=kλ/β cos Ɵ                                                             (1)

This equation indicates that as the width of 
the diffraction peak (β) and diffraction angle (Ɵ) 
increases the crystallite size (d) of the fabricated 
nanoparticles decreases. The average crystallite size 
of the fabricated nanoparticles found to be 26 nm.

3.1.4. FTIR analysis
FTIR spectroscopic analysis of the developed 

nanoparticles reveals the presence of different 

functional group present on the surface of the 
developed nanoparticles. The absorption spectra of 
manufactured MgO NPs can be seen in fig. 6. The 
analysis is done in the range of 500-4000 cm-1. The 
peak at 1366 cm-1 shows the stretching vibration of 
the aromatic C=C bond [34]. The peak observed at 
1635 cm-1 is due to the C=C stretching vibration 
of Alkyne [35]. The intense peak appears at 1527 
cm-1 indicating the bending vibration of N-H bond 
of aromatic amine. The peak appears at 3605 cm-1 
indicating the presence of a phenolic hydroxyl 
group [36]. The band appears at 2396 cm-1 and 
corresponds to the C-H stretching vibration of the 
CH2 group present in phytochemicals. The peaks 
that appear at 1007 cm-1 and 824 cm-1 are basically 
due to the C–O and C–O–C diagnostic bonds, 
respectively. The peak detected at 825 cm-1 shows 
the stretching vibration of the Mg-O-Mg bond [37].

3.2. Photocatalytic Activity 
Fig. 7 & 8 show the photodegradation behavior 

of the two well-known dyes Indigo carmine and 
Rhodamine in presence of the green synthesized 
MgO NPs. The decrease in the absorbance of the 
given Dyes (Indigo carmine and Rhodamine) in 
the time interval of 60 min in presence of MgO 
NPs Photocatalysts indicates the photodegradation 
of dyes. Fig. 9 indicates the probable mechanism 
of the photodegradation of dyes in presence of 
the nano photocatalysts. When the solar light is 
irradiated on the dye solution containing nano 
photocatalyst absorbs the solar light irradiation 
and the hole and electron pairs are generated [38]. 

Fig. 5- XRD analysis of Green synthesized MgO NPs 2Ɵ (degree).
 

Fig. 5: XRD analysis of Green synthesized MgO NPs 2Ɵ (degree) 
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Fig. 7-  Photocatalytic activity of the green synthesized MgO NPs 
against Indigo Ceramine conditions: pH=5.5; 0.2g/L of catalyst.

Fig. 6- Functional group analysis of the synthesized MgO NPs.

 

 

Fig. 6: Functional group analysis of the synthesized MgO NPs 

Fig. 8-  Photocatalytic activity of the green synthesized MgO 
NPs against Rhodamine conditions: pH=5.5; 0.2 g/L of catalyst.

Fig. 9-  Photocatalytic Mechanism of Synthesized nanoparticles in the degradation of dye.

 

 

 

 

Fig. 7: Photocatalytic activity of the green synthesized MgO NPs against Indigo Ceramine 

conditions: pH=5.5; 0.2g/L of catalyst. 

 

 

Fig. 8: Photocatalytic activity of the green synthesized MgO NPs against Rhodamine 

          Conditions: pH=5.5; 0.2 g/L of catalyst. 

 

 

 

 

Fig.:9 Photocatalytic Mechanism of Synthesized nanoparticles in the degradation of dye 
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These holes and free radicals interact with oxygen 
and water molecule to generate two highly reactive 
reaction species like superoxide radical anion and 
hydroxyl free radicals these reactive species in the 
next step interact with selected dyes and converted 
it into non toxic products.

3.3. Antibacterial activity 
The agar distribution assay is used to evaluate 

the efficiency of the developed MgO nanoparticles. 
The antimicrobial potential of the MgO NPs is 
investigated against the strains of  pseudomonas 
aeruginosa  (PA),  staphylococcus aureus  (S. 
aureus  is a gram-positive bacteria) and esherichia 
coli  (E. coli) by utilizing the disc diffusion 
methodology. The  Escherichia coli  (E. coli) has a 
zone of inhibition 11 mm at a concentration of 20 
%, 12 mm at a concentration of 30 %, and 14 mm 
at a concentration of 40 %. Bacteria staphylococcus 
aureus  shows a zone of inhibition of 10 mm at a 
concentration of 20%, 12 mm at a concentration 

of 30, and 17 mm at a concentration of 40 % 
respectively. The  pseudomonas aeruginosa  shows 
a zone of inhibition of 11 mm at a concentration 
of 20 % and 13 mm at a concentration of 30 at a 
concentration of 40 % showing a 19 mm zone of 
inhibition (Table-1). Antibacterial activity has been 
described through tables and images, obtain as a 
result. On exposure to the light the nanoparticles 
generate different reactive oxygen species these 
reactive oxygen species causes the damage of 
cellular membrane and also destroy other cellular 
organism which ultimately causes the death of the 
bacterial pathogen (Fig.10). 

              
4. Conclusion

The present study evaluates the biosynthesis 
of MgO NPs using peanut shell extract with a 
broad range of useful properties. The proposed 
research established a novel eco-friendly approach 
for synthesis of MgO NPs. The penut Shell 
extract act as reducing and stabilizing agent in 

Fig. 10-  Images shows antibacterial activity of the synthesized MgO NPs against, (a) staphylococcus aureus,  
(b) E. coli, (c)  pseudomonas aeruginosa.

Table 1-  Antibacterial potential of the green synthesized MgO NPs

 

 

 

 

                   

                 (a) staphylococcus aureus                                      (b) E. coli    

 

(c) pseudomonas aeruginosa 

Fig.10: Images shows antibacterial activity of the synthesized MgO NPs against  

(a) staphylococcus aureus  (b) E. coli   (c)  pseudomonas aeruginosa 
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