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The present study demonstrates a green process for the synthesis of spherical-shaped and
stabilized silver nanoparticles Ag NPs using gamma irradiated conditions. This method
has certain advantages over conventional methods since it can manage the particle size
and structure and generates totally reduced and extremely pure nanoparticles free from
by-products or chemical reducing agents. Silver nanoparticles composite (Ag NPs / CM)
is prepared from an aqueous solution of silver nitrate, chitosan and isopropanol, at room
temperature using gamma irradiation doses to induce reduction and cross-linking to
formation in situ Ag NPs/ CM-chitosan-isopropanol solutions. The production and
homogenous distribution of silver nanoparticles in the hydrogel matrix were
characterized using transmission electron microscopy, XRD, Zeta potential and UV-Vis
spectrophotometer analysis. The silver/ CM-chitosan-isopropanol matrixes possessed
different gamma doses using a Co- 60 gamma source. Through the comprehensive results
of IR- Ag NPs /(CM- chitosan isopropanol solutions due to antibacterial activity test, the
results show the prepared Ag NPs /CM-chitosan-isopropanol could be used as an
antibacterial agent. The obtained Ag nanoparticles were stable for over 3 months at room
temperature. the analysis outcomes indicate that the colloidal Solution (silver
nanoparticles / (CM chitosan - isopropanol)) has a promising ability to be used in
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antibacterial applications in the future.

1. INTRODUCTION

Nanotechnology is an emerging field of scientific research.
It is thriving due to the advent of nanomaterials, like inorganic
nanoparticles (NPs) and nanostructures [1]. Nanoparticles
Researchers from a wide range of fields are interested in
studying this topic. Because of their extraordinary features,
which include distinct functionalities and size-dependent
physicochemical characteristics that vary greatly from their
bulk counterparts [2]. Which can develop nanostructures with
a large surface area to volume ratio.

Nanoparticles may be classified into organic and inorganic
varieties [3-6]. Throughout the globe, inorganic nanoparticles
have been used in nanomedicine, medication delivery,
cosmetics, electronics, and the energy sector [7, 8]. Among
metal nanoparticles, silver nanoparticles (Ag NPs) have
received attention not only in the researches field. It is also for
industrial applications, and different fields of science, as it has
chemical and biological characteristics that may be of interest
[9]. Depending on the silver nanoparticles size and form, they
may be used in biosensor materials, cosmetic items,
antimicrobial applications, conducting materials, and
electrical components [10]. Researchers have been interested
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in silver nanoparticles because of their unique properties, such
as their optical, antibacterial, and electrical capabilities (NPs)
[11]. Silver nanoparticles can be synthesized by different
techniques, such as physical, chemical, and biological method
[12].

Documentation of many methods for synthesizing silver
nanoparticles are: Electron and gamma (y)-irradiation,
artificial and biological procedures, microwave and ultrasonic
processing, laser ablation, photochemical reduction, and so
forth [13-15].

Chitosan (Cts) is one of the most efficient and effective
biomaterials to synthesize Ag-NPs in our study because of its
substantial antibacterial properties against Gram-negative and
Gram-positive bacteria and low toxicity toward mammalian
cells [16, 17].

A stabilizer is usually added to prevent agglomeration and
control the formation and stabilize the NPs. Additionally, the
NPs produced by chemical synthesis will be sedimented with
chemicals and are not applicable for biomedical application
[18].

Indeed, when comparing such a method that uses ionizing
radiation (gamma and electron) to other approaches, it has
several advantages [19].


https://crossmark.crossref.org/dialog/?doi=10.18280/rcma.320402&domain=pdf

Mass production carried out at a comparatively reasonable
cost, the particles size is controlled by varying the
concentration of silver ion, colloidal silver nanoparticles
prepared without silver ion residue and excessive reductant
contamination, reaction rate controlled by varying irradiation
time, reducing agents may be found in the irradiated solution
in a very consistent manner, and the process is carried out at
room temperature.

The majority of the chemical mentioned techniques include
toxic reducing and stabilizing chemicals, which result in non-
biodegradable compounds with high environmental toxicity.
AgNPs have been shown in numerous studies to be harmful to
human health. Nano-silver particles may trigger genes linked
to cell cycle progression and DNA damage, as well as
mitochondrial death when they interact with individual cells.
Alternative green synthesis methods have evolved in this
regard as cost-effective, non-toxic, ecologically friendly,
scalable in bulk synthesis, and do not involve the use of
harmful compounds [20]. In addition, silver nanoparticle
production may be classed as either green or non-green based
on the synthesis methods used [21]. To create and stabilize
nano-silver, green synthetic methods employ sugars, plant
extracts and microbes and fungus. During nanoparticle
production, it is crucial to monitor the concentration of nano
silver, as well as its size, shape, surface charge and crystal
structure [21-23].

Recently, there has been a lot of interest in improving
antimicrobials' efficiency and stability by building composites
with other antibacterial compounds [24]. The manufacture of
chitosan metal nanocomposites using diverse processes
(chemical or physical) has recently become a prominent focus
for future antibacterial activity improvement. Silver
nanoparticles have shown significant improvements in
antibacterial and antifungal activities against a potential
microbial species (Staphylococcus aureus, Escherichia coli,
Mycobacterium, etc.). Therefore, Silver nanocomposites are
more efficient against microbial infections than silver
nanoparticles or chitosan alone [25, 26]. Research on using
chitosan for artificial skin, bone replacements, and food
packaging film has focused on its nontoxicity,
biocompatibility,  biodegradability,  bioactivity,  and
multifunctional groups' solubility in agueous media [27, 28].

The use of gamma irradiation in the presence of chitosan to
decrease ions of silver in the solution has been previously
documented [29, 30] among the numerous methods utilized for
silver and chitosan nanocomposites production. However, we
believe that there are no studies on employing gamma
irradiation to produce silver nanoparticles for antimicrobial

applications (silver nanoparticles/(CM chitosan- isopropanol)).

The silver ions are in situ reduced by gamma-ray irradiation
and protected by the chitosan fragments. The resulting silver
nanoparticles are even and densely dispersed in the solution.
Beside the synthesis method, the concentration of silver and
the irradiation dose also affect the size of NPs. It was revealed
that as the concentration of silver or the irradiation dose is
increased, the size of the NPs increased as well due to an
increase in the reduction of Ag+ ions and formation of Nps
[31].

In a study by Nhien et al. [32], synthesis of Ag-
NPs/Chitosan by y- Irradiation from (8 to 28 kGy) inhibited
the growth of Corynespora cassiicola on rubber-leaf extract
media. In contrast, Ag chitosan NPs were created by (25 kGy)
-ray irradiation in a work by Yoksan and Chirachanchai [33],
and demonstrated inhibitory action against S. aureus and E.

174

coli.

In the present study, (IR- Ag NPs / (CM- chitosan-
isopropanol) were synthesized using (the thermal reduction)
method for the chemical materials and followed with a
physical method by irradiating the samples with different
gamma doses using a (Co- 60) gamma source. Irradiation with
y-rays brings to an in-situ silver ions reduction, which are then
protected by the chitosan fragments.

The production and homogenous distribution of silver
nanoparticles in the matrix were determined using
transmission electron microscopy, XRD, FTIR, Zeta potential
and UV-Vis spectrophotometer analysis. After 15 weeks of
preparation, the XRD and TEM, Zeta potential tests for the
samples, and the PH values are relatively stable. An effective
and reliable technology to be taken into consideration for the
synthesis of Ag-NPs is gamma irradiation. This method is
regarded as a "green method" since it produces metal NPs
without the use of a reducing agent, making it more
environmentally friendly.

2. EXPERIMENTAL PART
2.1 Materials and chemicals

All reagents were analytical grade and utilized without
further purification once received. The silver nitrate (99.98%
AgNO:s) choosen as a silver ion precursor, supplied by Merck,
Germany. Nanoparticle’s stabilizer utilized the Chitosan (low
molecular weight from Sigma Aldrich, USA). Sigma-Aldrich
in the United States provided the isopropanol solvent, glacial
acetic acid (HAC, 99%), as shown in Figure 1. Double-
distilled water (DD-water) to make all aqueous solutions.

Figure 1. Where (a) The experimental part of the mixing
system preparation of AgNQOs solution and (b): (silver nitrate
/CM chitosan) solution samples before irradiation

2.2 Methods

Referred to the reports of the researchers Chen et al. [30]
and Nhien et al. [32] the irradiation—reduction procedure to
fabricate silver particles is the following:

Dried chitosan (3 gm) is dissolved in (150 ml) acetic acid
solution with distilled water (14:1) to get CM chitosan solution
(acid: water). The CM chitosan-acid mixture stirrers until
dissolved. Dissolve (0.6 gm) silver nitrate in (20 ml) deionized
water and then homogenized with the chitosan solution. Once
adding AgNOs solution, the final mixture gets denser by
progressively dropping silver nitrate into the CM chitosan-
acetic acid solution, followed by adding (23 g) of isopropanol
as a free radical scavenger (a colloidal solution) as shown in
Figure 2.



Figure 2. Characteristic changes in the colour of colloidal
Solution

The resulting viscous solution, manufacturing AgNPs
revealed a colour change from yellow to brown (Figure 2)
owing to silver salt reduction by reducing compounds in the
extraction of CM chitosan. The color change was a result of
the excitation of the surface plasmon resonance and SPR band
which both play an important role in the confirmation of silver
nanoparticles formation [34].

As a result, solution’s pH is approximately (3.0), the Ag
ions concentration in the solution is (1.76 x10°° mol/ml), the
isopropanol concentration is (1.9x10- mol/ml), and the -NH2
group concentration is (9.35x10° mol/ml).

Finally, irradiate the three (AgNPS/CM chitosan -
isopropanol)) mixtures on the gamma irradiator, with a Co-60
1/5 source of y-ray. The dose rate of irradiation sets at 8 Gy\hr
and regulates the total dose of irradiation in the experiment by
adjusting the time of irradiation. The irradiation dose rate and
irradiation time (hr.) for the prepared (silver nanoparticles
/CM-chitosan - isopropanol) solution as predicated in Table 1.
Table 2 shows Other important parameters for the prepared
(silver nanoparticles /CM-chitosan - isopropanol) solution. In
a dilute irradiation-degrade AgNPs/chitosan solution, the
produced silver particles from radiation-reduction method
were stable.

Table 1. Irradiation dose rate and Irradiation Time (hr.) for
the prepared (silver nanoparticles /CM-chitosan -
isopropanol) solution

Sample Code Irradiation Dose (Gy) Irradiation Time (hr.)

Al 768 96
A2 1151 144
A3 1920 240

Table 2. The important parameters for the prepared (silver
nanoparticles /CM-chitosan - isopropanol) solution

Test Al A2 A3
PH 5.0 4.8 5
CON. (%) 0.182 0.19 0.264

2.3 Characterization of (Ag /CM-chitosan) solution

The stabilized silver nanoparticles in the (CM-chitosan-
isopropanol) solution analyze by ultraviolet-visible (UV-Vis)
absorbance spectroscopy (at room temperature in the
wavelength range of 340-900 nm) using the model
(H.UV.1650 PC, Shimadzu), Japan [35-39]. A transmission
electron microscopy (TEM) and UV-vis spectrophotometer
was used to measure the solution’s absorption spectrum at 420
nm, which resulted in the confirmation of the nanoparticles
production. The particle size was determined using a Hitachi
H7100 transmission electron microscopy (TEM) [40-43] and
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(UTHSCSghA Image Tool) version 3.00 application to
calculate the distributions [44-46].

X-ray diffraction (XRD) measurement for obtained silver
nanoparticles (stabilized in CM-chitosan) carried by an X-ray
diffractometer  [47-52]. Also, the Ag(CM-chitosan-
isopropanol) solution structure investigate through Powder X-
Ray Diffraction (model PXRD-6000 SHIMADZU, Japan. As
a result, these observations were at a wavelength of 0.15418
nm at a scan speed of 2°min. The PXRD patterns were
obtained when the instrument operated at 0.388 min. scan rate,
current of 30 mA, and 40 kV.

3. RESULTS AND DISCUSSION

Colloidal solution (silver nanoparticles / (CM chitosan -
isopropanol)) prepared by AgNO: reduction into positive
silver ions (Ag*) and assisted with the fragmentation of large
Ag-NPs during y-irradiation [14, 29]. Figure 2 illustrates the
synthesized silver nanoparticles samples. The colour intensity
of the (silver nanoparticles/(CM chitosan-isopropanol))
samples gradually increased. The colloidal solution (sample
A0) without y-ray exhibits a clear yellow solution (Figure 2).
The colloidal solution became dark brown as the -rays
intensified (samples A1-A3), while the AgNO3 solution was
colourless (see Figure 1). The (silver nanoparticles/(CM
chitosan-isopropanol)) alter the color of the clear yellow
colloidal solution after gamma irradiation from light brown to
brown to darker brown (samples (A0-A3) .

These results agree with the results reported by Hanan et al.
[53], Shriram et al. [14], and M.S.N. Salleh et al. [54] for the
formation of AgNPs by the reduction of AgNO:s.

3.1 UV-visible spectroscopy analysis

Because silver nanoparticles display a high absorption peak
owing to surface plasmon resonance, the UV-visible
absorption spectra that were obtained are extremely sensitive
to the production of silver nanoparticles (SPR). Figure 3 show
the UV-vis silver nanoparticles spectra prepared at constant
CM-chitosan and silver nitrate concentrations but with
different gamma irradiation doses (768, 1151, 1920 Gy) for
(96, 144, and 240 hr), respectively. Every spectrum displays
an absorption band with a wavelength range of 370-470 nm,
which corresponds to a typical silver nanoparticles plasmon
resonance band. Some faint peaks may be seen at about 330
and 560 nm. These peaks are an indication that some of the
nanoparticle aggregations do exist. The usual conducting
electrons SPR emerging from the silver nanoparticles surface
is represented in the UV-vis spectra by a single, prominent
peak with a maximum of about 430 nm. This peak was
detected in the UV-vis spectra. The efficiency of nanoparticle
synthesis increases with increased gamma irradiation doses
(768, 1151, 1920 Gy) as a result of silver ions' ability to more
effectively oxidize the hydroxyl groups found in CM-chitosan.
Further, Increasing the gamma irradiation dosages allowed for
the synthesis nanoparticles monitoring from silver nitrate, and
the relevant spectra of these nanoparticles are shown in Figure
3. The higher the dosages of gamma irradiation that were
applied, the greater the degree to which the solutions we're
able to absorb the radiation, especially with the A3 sample
exposed to a 1920Gy dose of gamma irradiation (Figure 3 ¢
(sample A3)).
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Figure 3. Silver nanoparticles stabilized UV-visible
absorption spectra

3.2 Silver nanoparticles X-Ray analysis

The XRD approach was selected to analyze the green-
generated silver nanoparticles' crystal structure and establish
the presence of currently synthesized silver nanoparticles. The
XRD pattern of CM chitosan and silver nanoparticles (CM-
chitosan-isopropanol) is shown in Figure 4. In Figure 4c, there
was only one peak at 20 <for chitosan (see Figures (4a and 4b)),
but four Brag reflections with 20 values of 77.21, 64.5, 43.95,
and 38.25 for silver nanoparticles/(CM-chitosan-isopropanaol))
were seen, corresponding to the (311), (220), (200), and (111)
sets, respectively, which may be referred to as the band for
silver nanoparticles with a face-centred cubic (FCC) structure
[54, 55].
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Figure 4. Silver nanoparticles and chitosan XRD patterns

The (111) plane's peak is the most intense of the group. The
influence of nanoparticles is mostly responsible for the
widening of these peaks. The XRD pattern for (sample A3)
There were no substantial indications of other peak phases in

176

their crystalline cubic phase, which suggested the dominant
silver. A further consideration is the presence of a nanoparticle
of colloidal solution (silver nanoparticles/(CM chitosan -
isopropanol)) that exhibited gamma irradiation at 1929Gy
doses contributes to the formation of the varied and distinct
XRD pattern peaks [56] more than sample Al and A2. From
the XRD pattern, one can conclude the most appropriate
gamma dose to get silver nanoparticles due to Co-60 is 1920
Gy and for 240 hr. irradiation dose time [56].

3.3 TEM, XRD and Zeta potential after weeks of storage

The produced AgNPs particle size distribution and
morphology were evaluated using TEM imaging. Figure 5
displays a typical TEM image of sample A3 in the solution that
there is a good distribution of silver nanoparticles throughout
the (CM-chitosan-isopropanol) matrix.

(111)

(200)

Sy o oA | | | a0
. ‘ .' N .:'_. }..:’ . !
AR L "t-‘.'("‘“ '._ ¢ A‘A I‘o ‘v. &

.. 20 degree

Figure 5. (a)TEM and (b)XRD pattern test of Ag /CM-
chitosans sample A3 after week from preparation time and
storage at room temperature and in a dark place

According to size distributions and TEM images of AgNPs,
the nanoparticle's mean diameter in sample A3 is generally
between 40 and 50 nm with a cubic phase. While particle size
distribution of Al and A2 seems bigger than 100 nm. After
gamma-irradiation on aqueous suspensions of chitosan/ silver
nitrate (Cts/AgNO3), consider aqueous electrons create and
reduce the positive silver ions into silver. Then, the shielded
silver clusters by the chitosan as unique structure silver atoms
nucleates and develops into silver clusters rather than being
oxidized back into silver ions [57]. After 15 weeks of
preparation, neither the XRD and TEM, Zeta potential tests for
the samples, nor the PH values, as indicated in Table 3 and
Figure 7, have altered.

Figure (5 b) displays the X-ray diffraction patterns of
sample A3 of chitosan — nano silver after a week of storage at
room temperature. It showed the peaks at about 20 degrees
with the other two peaks which indicate that the Nano silver
particles are blended with chitosan fragment. This testified that
the nano silver particles have cubic crystal patterns. The figure
of Ag-CS indicates a notable peak of most 2theta is 19.68,
which determines the synthesized Ag-NPs crystalline
structure. For Zeta potential of nano silver particles
distribution in the matrix, PH value of solutions determination
as in Table 3 and Zeta potential analysis applied for the
synthesis samples. Table 3 indicates the PH values almost
stability of the Ag solutions with storage time at room
temperature and in a dark place. For 15 weeks, the PH values
of Ag solution do not exceed 5.2 which leads to quite a
stability of silver ions with 240 mV zeta potential with nearly
ionic mobility as shown in Figure 6.



Table 3. The PH value of the prepared sample with storage
time and room temperature

Al- A3-

1 - O
No. Time PH A2-PH PH Temperature°C
1 Week-1 51 4.8 5 27.3
2 Week -2 5 4.9 5.1 27.0
3 Week-3 5 4.8 5.1 27.1
4 Week-4 5.1 4.8 5.1 27
5 Week-5 5.2 5 5.1 27
6 Week-6 5 5 4.9 29
7 Week-7 5.2 5.1 5 27
8 Week-8 5 49 5 26
9 Week-9 5 5 51 26
10 Week-10 5.1 5 51 25
11 Week-11 5 4.9 5 25
12 Week12 5.1 5 5.1 18
13 Week-13 5 5.1 5 17
14 Week-14 5 5 4.9 17
15  Week-15 5 4.9 5 18
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Figure 6. The Zeta potential and Mobility of ionic Nano
silver particles of samples (A1, A2, and A3) after 15 weeks
of storage at room temperature

3.4 FT-IR spectroscopy

The FTIR analysis assesses the molecular interaction of
silver nanoparticles with chitosan at the molecular level
(Figure 7). The FTIR spectra of pure chitosan display bands at
1037 cm (C-O stretching), 1600 cm™ (NH2 bending), and
3327 cm™ O-H and N-H stretching are the FTIR spectra of
pure chitosan [58]. The FTIR spectra of silver nanoparticles
capped with chitosan revealed a wider peak at 3327 cm?
indicating that the O-H group is more prominent since the N-
H group is essential in silver metal binding.
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Figure 7. FT-IR spectra of (a) Al, Irradiation dose (768 Gy);
(b) A2, Irradiation dose (1151 Gy); (c) A3, Irradiation dose
(1920 Gy)

While compared to the chemical reduction approach, the
radiation approach is one of the most important ways to create
metal clusters under ambient settings. Because the metal
reduction is carried out by radical species that are produced as
aresult of the interaction of ionizing radiation with the solvent,
the addition of reducing agents is not required in this process,
and the complete process may conduct at room temperature.

The growing degree to which the reduction is controlled by
the dosage absorbed, as well as the reduction rate, which is
controlled by the dose rate (Figure 8). At a bit high doses, an
instantaneous distribution of atoms obtaining through the
solution. The varying dose rate of the irradiation controlled the
number of zerovalent nuclei in the solution [59], therefore,
Gamma irradiation-induced  strategy  offered  silver
nanoparticles with a narrower sized distribution.

E. coli Ps. Aeruginosa  S. aureus A Nigger'

Figure 8. Test of antibacterial activity

3.5 Antimicrobial Activity of (silver nanoparticlessfCM
chitosan — isopropanol)

The (silver nanoparticles/(CM chitosan-isopropanol))
solution tested for antibacterial activity; against (gram-
positive , Staphylococcus aureus) and (gram-negative,
Escherichia coli) bacteria. The disc diffusion technique was
used to examine the antibacterial activity of the produced
AgNPs by measuring the inhibition zone against two bacteria
and fungus, Aspergillus niger vs. control.

After 24 hours of being kept in an incubator at a temperature
of 37°C, the diameter (in mm) of the inhibitory zone was
measured as shown in Figure 8. The results show that the silver
nanoparticles and (CM chitosan-isopropanol)) for samples



(A2) and (A3) appeared to have an inhibition zone against
S.aureus and E.coli.

Table 4 shows the effectiveness of various gamma
irradiation doses (768, 1151, 1920 Gy) of antibacterial activity
of biologically synthesized (silver nanoparticles / (CM
chitosan - isopropanol)) in (Gram-positive), Staphylococcus
aureus (S.aureus), and Gram-negative (Escherichia coils)as
relative to the control sample. From Table 4 one can find that

the microbe resistance was less effective for lower gamma rays.

In short, the colloidal Solution (silver nanoparticles /(CM
chitosan - isopropanol)) when coupled with silver
nanoparticles, an inhibitory effect was seen against S. aureus.
It is anticipated that the silver nanoparticles, which are
responsible for rupturing the cell wall membrane of bacteria,
will be the source of this antibacterial property. When the cell
membrane of the bacteria is damaged, the respiration of the
germs is immediately hampered, which brings an immediate
halt to the activity of the bacteria [60, 61]. The analysis
outcomes indicate that the colloidal Solution (silver
nanoparticles / (CM chitosan - isopropanol)) has a promising
ability to be used in antibacterial applications.

Table 4. Test results of Antibacterial activity for (silver
nanoparticles / (CM chitosan - isopropanol)) solutions

A Nigger,
. . - Growth
SAMPLE  Sauries E.coli Ps.aeruginosa diameter
(mm)

Al 60 40 138X10? 19
A2 40 250 70X10 20
A3 NILL 70 450 17
CONTROL Hi 550 50X104 22

4. CONCLUSIONS

The present study demonstrates a green process for the
synthesis of spherical-shaped and stabilized silver
nanoparticles Ag NPs using gamma irradiated conditions. The
findings of this work indicate that, in comparison to the control
sample, the generated Ag NPs/CM-chitosan-isopropanol
might be employed as an antibacterial agent in (Gram-
positive), Staphylococcus aureus (S. aureus), and Gram-
negative (Escherichia coils) bacteria.

Irradiation with gamma rays was used to successfully
produce silver nanoparticles in the interlaminar space of
chitosan. No reducing agent or heat treatment was used in the
production of these nanoparticles. Chitosan molecules were
shown to be responsible for the stabilization of the Ag-NPs
over 15 weeks at room temperature. The dosage rate and
irradiation periods both affect the size distributions of the Ag-
NPs. According to the findings of this investigation, an
increase in the amount of irradiation time led to a reduction in
particle size along with stability in the distribution of silver
ions. The silver nanoparticles that were synthetically produced
are stable in aqueous solutions and the analysis outcomes
indicate that the colloidal Solution (silver nanoparticles / (CM
chitosan - isopropanol)) has a promising ability to be used in
antibacterial applications in the future.
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