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Abstract

Background: Selenium nanoparticles (SeNPs) have attracted considerable attention due to their unique
physicochemical properties and broad biomedical applications. Green synthesis using plant extracts offers an
eco-friendly and cost-effective approach for nanoparticle production. Aim: This study aimed to biosynthesize
selenium nanoparticles using the leaf extract of Aas (Myrtus communis L.) and characterize the synthesized
nanoparticles using various analytical techniques. Methods: Photosynthesized selenium nanoparticles (MC-
SeNPs) were prepared using Myrtus communis leaf extract. The synthesized nanoparticles were characterized
by ultraviolet-visible spectroscopy (UV-Vis), Fourier-transform infrared spectroscopy (FT-IR), X-ray
diffraction (XRD), field emission scanning electron microscopy (FE-SEM), energy-dispersive X-ray
spectroscopy (EDX), and atomic force microscopy (AFM). Results: The formation of MC-SeNPs was
confirmed by the color change of the reaction mixture from colorless to reddish. UV-Vis analysis showed a
characteristic absorption peak at 260 nm, indicating the surface plasmon resonance of SeNPs. FT-IR spectra
confirmed the presence of functional groups involved in nanoparticle synthesis and stabilization. XRD
analysis revealed diffraction peaks at 26 values of 28.61°, 31.19°, 40.01°, 45.02°, 56.21°, 66.23°, 75.11°, and
84.74°, corresponding to the crystalline selenium phase. FE-SEM images demonstrated predominantly
spherical nanoparticles aggregated into clusters, with particle sizes ranging from 21.86 to 31.94 nm. The
crystallite size calculated using the Debye—Scherrer equation ranged between 21 and 31 nm. EDX analysis
confirmed the presence of selenium along with oxygen, carbon, sodium, and copper. AFM analysis revealed
homogeneous spherical nanoparticles with sizes ranging from 20 to 30 nm. Conclusion: The leaf extract of
Myrtus communis can be successfully utilized for the green synthesis of selenium nanoparticles. The
phytochemical constituents of the extract act as reducing and capping agents, producing stable, crystalline,
and predominantly spherical selenium nanoparticles suitable for potential future applications.
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Introduction

The size and morphology of
synthesized metallic nanoparticles can be
controlled with chemical reducing agents
(1, 2). However, the reducing agents and
solvents used in the synthesis of
nanoparticles are hazardous or toxic to
the environment (3). Consequently, the
Photosynthesis  of nanoparticles s

anticipated, even though there are several
categories of Phyto reductants (based on
isolation/extraction sources) existing in
nature. Under these -circumstances,
Photosynthesis approaches can
significantly assist with the preparation of
metal nanoparticles (4,5). In recent times,
the tendency to use natural materials such
as microorganisms(6), marine organisms
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(7), proteins (8), and plant extracts (PE)
used in the green synthesis of metallic
NPs has attained significant consideration
in the scientific community (9).

Especially metal nanoparticle
synthesis using plant extracts has been
given more attention due to plants being
easily available, inexpensive,
environmentally friendly and also the
ability to highly reduce the usage of toxic
solvents or reducing agents (10). Medical
plants and their extracts were used as
traditional treatments for several diseases
in various parts of the world for many
thousands of years (10), particularly in
rural areas of these countries; they were
used as a primary source of medicine (9).
In developing countries, 80% of the
population uses natural products in
routine healthcare practice (11).

Aas (Myrtus communis L.) (Family:
Myrtaceae) plant is most widely used as a
medicinal drug in unani medicine since
the earliest historical times in Greece
(12).

It is an herb with rich contents of
flavonoids, alkaloids, tannins, terpenoids
and saponins, the biologically active
ingredients used in traditional and
alternative medicine (13), which makes it
attractive for the green synthesis of silver
nanoparticles. It is known as Aas and its
berries are recognized (14). Several
investigations revealed that Aas (Myrtus
communis L.) possesses therapeutic and
pharmacological effects showing
anticancer, antimicrobial, antidiabetic
properties, as well as neuro and hepato
proactive activity (15, 16, 17). Aas
(Myrtus communis L.) Leaves, berries and
essential oils are commonly used for
several disorders like ulcers, gastritis,
rheumatism, diarrhoea, haemorrhages
(18), dysentery, vomiting, deep sinuses,
leucorrhoea and in hair loss control (19).

The leaves, berries and twigs are used in
flavoring food and wines (19). In earlier
times, ripe fruits were utilized as food
integrators due to their rich constituents
of vitamins (20).

Selenium is an essential element that
humans and animals require, which
boosts the activity of enzymes like
glutathione  peroxidase (GPx) and
selenidase that protect the body from
immune-related disorders (21). Generally,
Selenium occurs naturally in crystalline,
amorphous polymorphic structures and
three forms: inorganic (selenite and
selenate), organic (selenomethionine and
selenocysteine), and nanoforms (22). An
insufficient amount of Selenium in
humans impacts the production of
selenoprotein. It leads to a decrease in the
activity of GPx, which ultimately results
in a diminished capacity of tissue cells to
withstand the damaging effects of
oxidative stress. It also directly impacts
the production and breakdown of nucleic
acids, proteins, mucopolysaccharides, and
enzymes, as well as cell division,
reproduction, immunity, and the onset of
metabolic diseases. In addition, a lack of
Selenium can lead to several illnesses,
including thyroid problems, diabetes,
problems with reproduction, and obesity
(23). Therefore, obtaining extra Selenium
is very important. Recently, Selenium
Nanoparticles were used as a new form of
supplement, which attracted researchers
because of their biocompatibility,
bioavailability, and low toxicity (22, 23).
These SeNPs are in a very steady
colloidal state and have shown several
biological activities, including the
immune system, antibacterial,
antimicrobial,  antivirus, antifungal,
antiparasitic, antidiabetic, antioxidation
and anticancer activities. SeNPs have
demonstrated promise as a material to
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address several issues brought on by low
redox activity, ROS generation, and
biofilm formation. SeNPs are better for
food safety than organic Se and inorganic
Se compounds like selenite and selenate.
They are used as antibacterial
nanocoating in food packaging and
functional foods because they are
nontoxic, easily dispersed, and have a
large surface area (15, 16, 17). Selenium
can also be utilized in fertilizers to
stimulate plant growth, raise crop
productivity, and facilitate the cultivation
of Se-enhanced crops. However, SeNPs
are not stable and tend to stick together.
This is why it is essential to find easy and
effective ways to make SeNPs more
stable and spread out (13). Furthermore,
they have been engineered for nutritional
supplementation and  have  been
developed for medical purposes (9, 10).

The present study summarizes
Photosynthesized Selenium Nanoparticles
using Aas (Myrtus communis L.) Leaves
Extract and its characterization.

Materials and Methods
Materials

The Aas (Myrtus communis L.) plant
which widely exists in the southern zone
of Baghdad, was procured from a local
herbal market at Towatha, Baghdad, Iraq.

The plant identification  was
confirmed by by Taxonomist in the
Department of Biology, College of
Education for pure science Ibn-
Alhatheam, University of Baghdad.
NaSeOs (99.8%) and other solvents
utilized in this study were procured from
Sigma Aldrich, St. Louis, MO, USA.
Preparation of Plant Extract

Initially, the leaves of Aas (Myrtus
communis L.) were cut into tiny parts.
The resulting tiny parts (500 gms) were
soaked in 2.5 L deionized water and

refluxed at boiling temperature for 6 h.
The resultant aqueous solution after reflux
was separated and dried up at 50-60°C
underneath reduced pressure in a rotary
evaporator to give a light yellow colored
extract (40 gms). Furthermore, the
separated extract was kept refrigerated at
0-4°C for further use.

Synthesis and Characterization of
Selenium Nanoparticles using Aas
(Myrtus communis L.) leaves Extract

The  synthesis of  Selenium
nanoparticles was carried out by
combining 10 mL of Aas (Myrtus
communis L.) leaves extract with 0.5 mM
Sodium selenite pentahydrate (85 mg) in
90 mL deionized water in a 250 mL
round bottomed flask.

The reaction mixture was stirred with
a magnetic bar for ~2 h at 90°C under
refluxed conditions with a cooling
condenser. During the reaction process,
the reaction mixture color changed slowly
from light yellow to reddish.

Afterwards, no color transformation
was noticed till the completion of the
reaction after two hours. Then, the
reaction mixture was subjected to a cool
down period, and later, the reaction
mixture was centrifuged at 8000 rpm at
room temperature. Subsequently, the
product attained from the centrifugation
was washed several times (three to four
times) with deionized water.

After that, the product was dried
overnight at 80°C in an oven and finally a
black powder was obtained.
Characterization of
nanoparticles
1- UV-Vis Spectra analysis:

The UV-Vis spectrum analysis was
achieved within the range of 200 to 800
nm at a resolution of 0.86 nm using a
UV-visible spectrophotometer (Shimadzu
UV-1800). In this analysis Se

Selenium
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nanoparticles were examined at different

reaction conditions. (24)

2- Fourier Transform
Spectroscopy (FT-IR)

The FTIR analysis was introduced to

Infra-Red

investigate the chemical bonding between
the atoms of the prepared materials
nanoparticle. This particular technique
was performed using the Shimadzu-IR
Affinity-I spectrophotometer. In this
procedure, the samples under test are
homogenized with KBr and then the
FTIR spectrum was recorded within the
range of 4000 to 400 cm-1. Before the
recording procedure, potassium bromide
(AR-grade) was dried and mixed with
KBr (100mg) as well as selenite (1 mg).
Note that the KBr pellet was obtained
under a vacuum with the temperature of
100°C for a period of 48hrs. (24)

3- X-Ray Diffraction (XRD) analysis

Resulting solution of the developed
nanoparticles of  Selenium  was
centrifuged at 10,000 rpm for 30 min. The
solid residues of SeNPs were washed
twice with deionized distilled water and
then dried at 80° C to obtain powder
SeNPs used for X-ray powder diffraction
measurements. The  powder  of
nanoparticles was measured by XRD.
XRD patterns were recorded on
(Shimadzu ~ XRD-6000/Japan)  with
copper radiation (Cu Ka, 1.5406 A) at 40
kV and 30 Ma (25).
4- Field emission scanning electron

microscopy (FE-SEM) analysis

The images were taken with a Field
emission scanning electron microscope
(FE-SEM) (Hitachi Ltd. /Japan) with a
resolution of 500 nm (Hitachi s-3400N)
and detectors containing a secondary
electron; BSE semiconductors (quad-

type) were used to study the size and
shape nanoparticles, this approach is used
to obtain detailed information about
surface NPS. FE-SEM was used to
characterize  the average  particle
morphology and diameter of the
nanoparticles. After using distilled water
to sonicate the dried nanoparticles
solution sample, a tiny drop of the
sample was put on a microscope slide and
left to dry. The samples were then coated
with a thin layer of platinum to make
them conductive.

5- Energy Dispersive X-ray (EDX)

X-ray energy diffraction spectroscopy
was used to investigate and determine the
elemental compositions of  the
synthesized nanoparticles. For this
purpose, after preparing the samples,
using an EDX detector on field emission
scanning electron microscope, the spectra
of the constituent elements of the samples
were prepared.

Atomic Force Microscope (AFM)

This technique aimed to investigate the
surface morphology of the prepared Se
nanoparticles using Inc. SPM-AA300
(U.S.) with AFM communication mode.
In particular, 5 drops of nanoparticles
solution were dropped on a specific
laboratory slide and kept for 30 min at
110° C in an oven. Continuously, the 3D
morphology /topography of the sample
under the test surface was screened via
the interaction of the probe force on the
sample surface. This procedure is attained
through a raster scan of the tested
material, taking into consideration the
distance and the force between the tip
and the sample, two parameters that
should be considered carefully (26). The
AFM was introduced to investigate the Se
nanoparticles' surface features using a 2D
and 3D imaging approach.

Results
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The  prepared  SeNPs  were
characterized by various spectroscopic
and microscopic methods to evaluate their
elemental composition, exact morphology
and also  other  physicochemical

properties. The color change of the
reaction mixture from uncolored to
reddish confirms the synthesis of MC-
SeNPs Figure (1).

Figure (1): The change in the color of Photosynthesized Selenium Nanoparticles using Aas (Myrtus
communis L.) Leaves Extract, A, Sodium selenite solution. B, Aas (Myrtus communis L.) Leaf Extract.
C. Photosynthesized Selenium Nanoparticles colloidal.

The UV-Visible spectroscopy
analysis  revealed the  absorption
maximum (Amax) at 260 nm was

attributed to the surface plasmon
resonance (SPR) of MC-SeNPs Figure(2).
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Figure (2): UV-Vis spectra of Photosynthesized Selenium Nanoparticles using Aas (Myrtus communis
L.) Leaves Extract (MC-SeNPs).

The FT-IR analysis for the MC-
SeNPs shows in figure 3 and tablel. The
intensive absorption peak at 3623 cm’!
was assigned to hydroxyl group (-OH)
stretching of the aromatic ring and a sharp
peak at 2923 cm’ showing ether —
methoxy-OCH3z groups, while peak at
2852 and 1740 cm™' represent the
stretching of C=0 aldehydes group, 1602
cm’ (amide and CH vibrations of CH,

group), 1457 cm™ (CH group), 1261 cm™!
(Secondary -OH bending), 1114 and 805
cm’!' (C=O stretching vibrations, aromatic
carbon vibrations and CH in plane
benching).

Finally, the selenium compounds
responsible for a broad frequency a range
about of 675.04-420.45 cm™.
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Figure (3): FT-IR spectra of (Myrtus communis L.) leaves extract

4000 3600 1200 2800 2400 2000

leaves extract (MC-SeNPs).

Table (1): Active groups present in the leaves extract of Aas (Myrtus communis L.) which act as
reducing and capping agent for selenium nanoparticles.

LR. Wave number Frequency of Compound class of
standard group of M. Absorption (cm™) Bonds Functional Groups
(M communis) Extract

2700 .30 3425.34 O—H stretch Alcohol

2140.34 1560.30 C=C stretch Alkene

1450.40 1421.44 C-H bend Alkene

1420-1330 1342.36 O-H bend Alcohol

1250-1020 1218.93-1195.78 C—N stretch Amine

1085-1050 1066.56-1029.92 C-O stretch Alcohol

1070-1030 675.04-420.45 Metal Oxide SeO

X-ray diffraction is generally applied
to a certain chemical arrangement and
crystal design of an objective and it can
be used for exposing the presence of
SeNPs. The specified crests are
coordinated  with  the  diffraction
information of Se nanoparticles, the
diffraction peaks of SeNPs were at 20 =
28.61, 31.19, 40.01, 45.02, 56.21, 66.23,
75.11 and 84.74 were for the (100), (101),
(110), (102), (111), (201), (112) and
(202) reflections of the pure phase of

selenium crystals. In the meanwhile, the
crystalline particles were calculated using
the well-known Debye-Scherrer equation:
D = (K)\/Bcosd) A

Herein, the crystallite size is
represented by the symbol (D), while K
denotes the shape factor which is a
constant (0.9) and A is the x-ray
wavelength (1.5406 A).

The Bragg angle and corrected line
broadening of the nanoparticles are
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represented by the symbols 6 and p,
respectively (26).

The average crystallite size according
to Debye-Scherrer equation calculated

was found to be 21-31 nm.

Counts

Position (*26] (Copper (Cu))

Figure (5): X-ray diffraction spectra of Photosynthesized Selenium Nanoparticles using Aas (Myrtus
communis L.) Leaves Extract (MC-SeNPs).

Field Emission Scanning Electron
Microscopy

Figure (4) shows a typical surface of
prepared (MC-SeNPs) from sodium
selenite using Aas (Myrtus communis L.)

x ETC

Figure (6): Field emission scanning electron micros

Leaves Extract reduction, the FESEM
picture revealed a spherical in shape and
aggregated into clusters. The size of these
particles ranges from (21.86 - 31.94) nm.

.....
vvvvv ins t  50-FEI Cc

copy mage of Potosynthesized Selenium

nanoparticles using Aas (Myrtus communis L.) Leaves Extract (MC-SeNPs).

EDX  elemental analysis of
Photosynthesized Selenium nanoparticles
using Aas (Myrtus communis L.) Leaves
extract exhibits the selenium signal along
with carbon, oxygen, sodium and copper;
among these, the copper signal arises

from the copper-coated grid, sodium may
be from Aas leaves extract. The EDX
spectrum shown in Figure (5), confirms
the presence of an elemental form of
selenium.
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Figure (7): EDX elemental analysis of Photosynthesized Selenium nanoparticles using Aas (Myrtus
communis L.) Leaves extract (MC-SeNPs).

Through atomic force microscopic
analysis, the three-dimensional profile of
the Photosynthesized Selenium
nanoparticles  using  Aas  (Myrtus
communis L.) Leaves Extract revealed
the shape, porosity, surface topography,
and height of the MC-SeNPs. Figure 6
shows the atomic force photomicrograph

depicting the spherical-shaped
nanoparticles distributed in a polydisperse
manner, which also correlates with FE-
SEM results. It is very clear from the 3D
profile of MC-SeNPs that the surface of
the nanoparticle was smooth, and the
average height of the nanoparticles was
measured at 30 nm.
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Figure (8): Atomic force imaging of (MC-SeNPs). a, particles analysis, b, 3D view of surface, c,
minimum and maximum of diameter and d, mean diameter.

The 2D image of the
Photosynthesized Selenium nanoparticles

using Aas (Myrtus communis L.) Leaves
Extract shows smaller individual particles
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of about 21.86 nm in size, along with
larger agglomerates of sizes up to ~150
nm while the 3D image indicates the
presence of individual spherical particles,
with a maximum height of 32.55 nm in
the z-direction.

Discussion

The present study was conducted
considering the importance of selenium
nano-particles, it’s have remarkable
absorption, low toxicity, and exhibit
antioxidant and antibacterial effects.
Selenium, an essential nutritional vitamin,
is a relatively new member of Nano
pharmaceutical medicine in healthcare
(27).

Selenium nanoparticles were
prepared using Aas (Myrtus communis L.)
Leaves Extract (MC-SeNPs). The
advantage of this method is that using
plant extracts as reducing and capping
agents is a fast and easy approach to
make environmentally friendly metal
nanoparticles. ~ This  synthesis  1is
environmentally and bio-reduced,
involves only one step, is affordable,
requires only a small number of solvents
and requires less reaction time. There are
several physical, chemical and
biophysical processes to makeing
selenium nanoparticles. However, some
of the methods are expensive, use
hazardous chemicals, and involve
laborious, time-consuming and
unsustainable practices. Hence,
Photosynthesis methods are preferred
over those based on chemical and
physical procedures (28, 29, 30, 31).

The  prepared SeNPs  were
characterized by various spectroscopic
and microscopic methods to evaluate their
elemental composition, exact morphology
and also  other  physicochemical
properties. The color change of the

reaction mixture from uncolored to
reddish confirms the synthesis of MC-
SeNPs. These findings are consistent with
several studies (32, 33, 34) that reported a
change in the color of the selenite
solution from colorless to purple-red after
mixing it with the plant extract, indicating
the completion of the reaction and the
formation of selenium nanoparticles. UV-
Vis absorption spectra were recorded for
the indication of the Se nanoparticles
formation. The absorption spectra
showing the corresponding absorption
maxima at 260 nm, confirmed the
formation of MC-SeNPs and indicated
surface plasma resonance of the MC-
SeNPs. Absorption spectra of MC-SeNPs
showing the stability of MC-SeNPs,
demonstrate that the Aas (Myrtus
communis L.) leaves extract not only acts
as a reducing and capping agent, but also
that the phytoconstituents of MC
functionalized the surface of MC-SeNPs.
These results are in agreement with
several studies (35, 36, 37) that reported
that the absorption peak of selenium
nanoparticles using the UV-visible
analysis assay is located in the absorption
range of 200-400 nm. FT-IR analysis of
MC-SeNPs was used to characterize the
presence of functional groups responsible
for the synthesis and stability of selenium
nanoparticles. The intensive absorption
peak at 3623 cm' was assigned to
hydroxyl group (-OH) stretching of the
aromatic ring and a sharp peak at 2923
cm!  showing ether —methoxy-OCH3
groups, while the peak at 2852 and 1740
cm! represent the stretching of C=O
aldehydes group, 1602 cm™ (amide and
CH vibrations of CH, group), 1457 cm’!
(CH group), 1261 cm™ (Secondary -OH
bending), 1114 and 805 cm! (C=0
stretching vibrations, aromatic carbon
vibrations and CH in plane benching).
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Finally, the selenium compounds are
responsible for a broad frequency range
about of 675.04-420.45 cm™. This result
indicates the presence of various
functional groups as biomolecules which
may be responsible for both reduction and
stabilization of the MC-SeNPs. Previous
reports have also suggested the role of
phytochemicals as a stabilizing agent for
the synthesis of metal NPs (38, 39,40). X-
ray diffraction is generally applied to a
certain chemical arrangement and crystal
design of an objective and it can be used
for exposing the presence of SeNPs. The
specified crests are coordinated with the
diffraction information of Se
nanoparticles, the diffraction peaks of
SeNPs were at 20 = 28.61, 31.19, 40.01,
45.02, 56.21, 66.23, 75.11 and 84.74 for
the (100), (101), (110), (102), (111),
(201), (112) and (202) reflections of the
pure phase of selenium crystals. The
average crystallite size calculated by the
Debye-Scherrer equation was found to be
21-31 nm. These findings are in
agreement with several studies (26, 40,
41) that reported the diffraction peaks of
SeNPs start at 100, 101, 110,102, 111,
201, 112, and end at 202. The size
average and form of nanoparticles in the
test sample may be determined using
FESEM imaging, which is an analytical
method. The FESEM image revealed a
spherical shape and aggregated into
clusters. The size of these particles ranges
from (21.86, 22.39, 26.27, 30.43, 31.10
and 31.94) nm. These results are in
agreement with several studies (42, 43)
that reported that in most biosynthesis
methods, the FESEM picture revealed a
spherical shape and the size of these
particles ranges from 20-40 nm. In the
EDX spectrum of Photosynthesized
SeNPs using Aas (Myrtus communis L.)
Leaves extract, in addition to oxygen and

selenium, carbon, oxygen, sodium and
copper elements were also observed, the
copper signal arises from the copper-
coated grid, and sodium may be from Aas
leaves extract. The EDX spectrum of
MC-SeNPs indicates the presence of
some impurities due to the biological
synthesis of nanoparticles. These findings
are in agreement with several studies (44,
45) that reported the EDX analysis helps
to determine the purity and elemental
composition of the sample. AFM is very
important technique, which is used to get
the information about particle size, shape,
surface topography, and so forth.
Therefore,the morphology and structure
of the Photosynthesized Selenium
nanoparticles  using  Aas  (Myrtus
communis L.) Leaves Extract were also
determined by this technique. The 2D
image of the Photosynthesized Selenium
nanoparticles  using Aas  (Myrtus
communis L.) Leaves Extract shows
smaller individual particles of about
21.86 nm size, along with larger
agglomerates of sizes up to ~150 nm
while the 3D image indicates the presence
of individual spherical particles, with
maximum height of 32.55 nm in the z-
direction. These findings are in agreement
with several studies (46, 47, 48) that
reported that in the almost photosynthesis
methods of SeNPs, the AFM images
show smaller individual particles of about
20-40 nm.

Conclusions

We conclude from the present study
the possibility of using the leaves extract
of the Aas (Myrtus communis L.) to
prepare selenium nanoparticles because
the leaves of this plant are known for
their rich content of flavonoids, alkaloids,
tannins, terpenoids, and saponins, which
appear to have the ability to reduce
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selenite salts and convert them into
selenium nanoparticles and also act as a
capping agent.
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