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AbstractOne of the metal nanoparticles that is widely used is silver nanoparticles (AgNPs) because of
their potential applications in various scientific fields. Silver is a material that is abundant in nature,
attractive, and inexpenive. This paper aims to conduct a literature review from 12 papers on the
synthesis of AgNPs from 2007 to 2020. Based on several articles, there are 3 methods for synthesizing
AgNPs: physics, chemistry, and biology. Physical methods use laser ablation and arc-discharge,
chemical methods use gamma irradiation and chemical reduction, and biological methods use bacteria,
plants, and fungi. The best method is biosynthesis because it is facile, safe, cost-effective, and
environmentally friendly. AgNPs produced from biosynthesis using plants is better than using bacteria
and fungi because it produces pure and small particle of AgNPs.

Keywords: Silver nanoparticles, Nanoparticles synthesis, Physics method, Chemical method,
Biosynthesis

1. Introduction

Currently, metal nanoparticles (MNPs) are widely used in science and technology because they exhibit
new and improved properties compared to their bulk form [1]. Their small size and large surface area
are some of the advantages of MNPs, so that they quickly penetrate the human body through the lungs
and intestines [2,3]. Silver nanoparticles (AgNPs) are one of the MNPs that are commonly used [4].
Silver is a material that is abundant in nature, attractive, and inexpenive. Previous research has shown
that the physical, optical, and catalytic properties of AgNPs are greatly influenced by their shape, size,
particle distribution, and surface which can be carried out by a variety of synthesis methods, reducing
agents, and stabilizers [5]. Several studies have reported that AgNPs has strong antimicrobial,
antibiotic, anti-infllmmatory, and anticancer activity, so it is widely used in various scientific fields,
such as optoelectronics, optics, pharmaceutical sciences, medical, and others [6,4].

AgNPs can be synthesized using several methods, namely physics, chemistry, and biology. Each
method has common problems such as cost, scalability, particle size, size distribution, etc. Synthesis
of AgNPs by physical methods usually requires large energy, high temperature, and expensive
equipment [7]. The examples are laser ablation [8,9] and arc-discharge [10,11]. The most commonly
used methods for synthesisizing AgNPs are chemical methods, such as gamma irradiation [12,13], and
chemical reduction [14,15]. This method can produce pure AgNPs by using a simple tool [16],
however, the materials used are dangerous. The biological method of synthesis AgNPs (biosynthesis)
is an environmentally friendly, safe, inexpensive, and easy method. Several plant extracts and
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microorganisms such as Novosphingobium sp THG-C3 [2], Pseudoduganella eburnea MAHUQ-39
[6], Psycrophilic and mesophilic [17], Bacillus cereus [18], Aspergillus tereus [19], Trichoderma
Reesei[20], SambucusnigraL [21], Lantana camara L [22], Myrmecodia pendans [23], and cinnamon
[24] has been used successfully for the biosynthesis of AgNPs. The use of plant extracts shows a shorter
biosynthetic process compared to microorganisms [25]. There are several review paper that discuss the
synthesis of AgNPs, such as Jorge de Souza [26]. However, this review only covers biosynthetic
methods. Although many researchers have reported on the synthesis of AgNPs, there have been limited
reviews of the synthesis of AgNPs.

The purpose of writing this review is to discuss several methods of synthesizing AgNPs with various
silver sources. In this review paper, 12 articles from 2007 to 2020 were used. The synthesis methods
discussed are laser ablation, arc-discharge, gamma irradiation, chemical reduction, and biosynthesis
using plants, bacteria, and fungi, along with their respective advantages and disadvantages. Based on
the information in this paper, it is hoped that a safe, inexpensive, and easy AgNPs synthesis method
can be widely used in various industrial fields.

2. Synthesis of Silver Nanoparticles

Silver nanoparticles (AgNPs) are the most studied and used nanoparticles [27]. Synthesis methods of
AgNPs can be divided into three categories, namely chemical methods, physical methods, and
biological methods [28]. These categories can be seen in Figure 1. Several methods will be discussed
to determine which method is most effective in synthesizing AgNPs.
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Figure 1. AgNPs synthesis methods [26].

2.1 Gamma Irradiation

AgNPs can be synthesized by several physico-chemical methods, such as microemulsion [29],
electrochemistry [30], chemical reduction [31], irradiation [12], and metal ablation [32]. The irradiation
method has the following advantages [33,34]:

1. The reducing agent produced is uniform in the medium.

2. The metal nanoparticles produced are purer and more stable.
3. No impurities, such as metal oxides.

4. Synthesis can be carried out at ambient temperature.
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Eghbalifam et al. [12] reported the synthesis of AgNPs by the gamma irradiation method
using polyvinyl alcohol (PVA), sodium alginate, isopropanol, and AgNO3. Sodium alginate is a type
of natural polymer consisting of a-L-guluronate and -D-manuronate with excellent biocompatibility
[35]. The irradiation process was carried out at different doses, namely 5, 10, and 15 kGy using y %9Co
rays with a dose rate of 3.19 Gy/sec at room temperature [12].

This method produces AgNPs measuring 43.8 to 164 nm with an average size of 69.8 nm. At
the 5 kGy irradiation dose the average size of AgNPs was 100 nm, while at 15 kGy it was about 80
nm. This indicates that the particle size of AQNPs decreases with increasing irradiation dose. At higher
irradiation doses, the hydrogel formation increases so that the solution becomes thicker. The addition
of PVA serves to stabilize AgNPs and prevent agglomeration of silver particles [12]. Some of the
advantages of using PVA are that it is inexpenive, non-toxic, water-soluble, biocompatible, and
biodegradable. Furthermore, the regular linear structure of PVA with a large number of hydroxyl side
groups on the main chain shows excellent hydrophilicity and reactivity [36].

Based on cyclic voltammetry and IR spectrophotometer, the hydroxyl groups of the PVA
molecule can coordinate with AgNPs and produce stable colloids. Thus, the AgNPs/PVA colloid
dispersion can be used for the production of Ag/PVA hydrogels in various forms (thin films, discs and
sheets). The hydrogel canbe used in biomedical applications as an antimicrobial treatment [37]. While
sodium alginate is used because it is environmentally friendly and suitable for pharmaceutical and
biomedical applications [35]. The release of silver at the variation of the gamma irradiation dose is
shown in Figure 2. Synthesis of AgNPs in the study of Hosny et al. [13] using several materials which
are AgNO3, NaOH, tryptic soy broth, and honey. This experiment compared the synthesis results of
AgNPs obtained from variations in pH and gamma irradiation. To determine the effect of differences
in pH, the atmosphere of the solution was made different using NaOH. As for the pH variations of the
solution were 6.00; 6.50; 7.00; 7.50; 8.00; 8.50; 9.00; 9.50; and 10.00. The formation of AgNPs is
characterized by a change in the color of the solution from transparent to yellowish. In another
experiment, gamma irradiation was applied in various doses (1, 5, 10, 15, 20, 25, and 30 kGy) using y
60Co rays, while the pH of was maintained at 3.9. The synthesis of silver nanoparticles produced from
5 kGy gamma irradiation is about 2.60-10.10 nm with adominant particle size of 4.187 nm. Meanwhile,
AgNPs obtained from the pH variation test showed the best results at pH 10 with a particle size range
of 7.5-21 nm and a dominant particle size of 11.7 nm.

007

006 -

(Amax)
e

(a)

e

Absorbance
o
(=]
w

[ ——{a)5kGy |
—— (1) 10 kGy

=—t=(c] 15 kGy
_—

. : .
0 s 10 15 20 25
Time (hr)

Figure 2. The release of silver from the composites at various doses of gamma irradiation and an Ag
ion concentration Ag* 1.33 wt.% [13].

The gamma irradiation reduction method provides several advantages over
conventional methods, which is the method is simple, the metal nanoparticles produced are very pure
and stable, and there are no unwanted side products, so they are harmless and environmentally friendly
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[38]. However, other studies have shown that gamma irradiation is proven to produce free radicals in
the form of hydroxyl and radiotoxic. The mutagenic effect caused can lead to cancer [39].

2.2 Chemical Reduction
2.2.1 NaBHg4in graphite powder

In the synthesis of AgNPs with the chemical reduction method, reducing agents, stabilizers, and
silver nitrate solutions are used as precursors. This method is the most effective method for producing
AgNPs, because the synthesis process is easy, fast, inexpensive, and uses low temperatures [40].

Graphene is a new material in the field of nanotechnology that is currently being developed,
because it has good electrical conductivity, thermal conductivity, and tensile strength, and is thin in
size. Graphene Oxide (GO) has the ability to inhibit bacterial growth by forming AgNPs/GO
nanocomposites [41]. The use of GO as a stabilizer able to prevent the agglomeration of AgNPs
particles.

In 2011, Das et al. [14] reported the results of a study on the synthesis of AgNPs using GO as a
substrate and stabilizer. While NaBH, is used to reduce AgNO; on the surface of the GO matrix with
in situ reduction. To 25 mL of GO solution was added with AgNO;3 solution with various
concentrations, namely 1x10-3, 2x10-3, 4x10-3, dan 8x10-3 mol dm=3. The solution mixture is stirred for
30 minutes at ambient temperature. Then 10 mL of 0.01 mol dm-3 NaBH, was added slowly and again
stirred for 6 hours at room temperature for a total reduction.

The mixture of GO suspension and AgNO3 solution changes color to dark brown until gray,
depending on the concentration of AgNOs;. The size and shape of the AgNPs are influenced by the
concentration of the AgNO3 solution. Analysis on the UV-Vis Spectrophotometer showed the presence
of a plasmon surface band at 400 nm when the AgNO3 concentration was 1x1023 and 2x10-3 mol dm.
However, at higher AgNOj3 concentrations, the band shifted to larger wavelengths to 407 nm for 4x10-
3 mol dm-3 and 417 nm for 8x10-3 mol dm=3. XRD pattern at the diffraction peak 26, showed value at
38.1°; 44.3°; 64.5°; and 77.5° corresponding to the FCC planes of the AgNPs which are (111), (200),
(220), and (311). TEM analysis of the silver nanoparticles in Figure 3 shows the distribution of particles
ranging from 5-25 nm in diameter. Figure 3 (a) shows that the smaller particles are spherical, while
the larger nanoparticles are elongated. The elongated shape is the result of the aggregation of two or
more particles shown in Figures 3 (b) and (d). AgNO3 1x10° mol dm= solution mostly produces
spherical nanoparticles. As observed in Figures 3 (c) and (d), the synthesis of AgNPs using a salt
concentration of Ag 8x10- mol dm- resulted in various particle shapes. At concentrations of AgNO3
above 2x10° mol dm3, the resulting nanoparticles appear to clump together to form larger particles.
Figures 3 (c)and (e) show the SAED pattern of AgNPswith AgNO3concentrations of 8x10-3 and 1x10-
3mol dm=3. The analysis using SAED showed that the crystalline nature of AgNPswas crystalline [14].

2.2.2 Trisodium citrate and ascorbic acid

Suriati et al. [15] synthesized AgNPs by reducing AgNO; with trisodium citrate and ascorbic acid as
surfactants. The chemical reduction method in the manufacture of AgNPs has several advantages,
which are quite stable, economical, versatile, and the size and shape of the nanoparticles can be
controlled, and canalso be used on a large scale. The properties and capabilities of the reducing agents
affect the size, shape, and size distribution of the resulting particles [15]. A strong reducing agent such
as NaBH, can produce small particles that are well dispersed [42]. In the synthesis process, a reaction
rate that is too fast causes the formation of large amounts of metal nuclei and results in small particles.
On the other hand, particle agglomeration will occur if the reaction rate is too slow. Other than that,
the choice of surfactant is very important because it determines the stability, solubility, reactivity,
dispersibility, size, and shape of the nanoparticles obtained [15].

Inthe researchconducted by Suriati etal. [15] The materials used to synthesize AgNPsare silver nitrate
(AgNO3), trisodium citrate (CgHsO7Nas3), and ascorbic acid (CsHgOg). The effect of variations in the
concentration of trisodium citrate and ascorbic acid on the size and morphology of AgNPs was

94



Aprilianietal., Maghr. J. Pure & Appl. Sci., 6 N° 2 (2020) 91- 110

observed. During the synthesis process, the trisodium citrate reducing agent directly reduces Ag* ions
and produces AgP. The resulting Ag acts as a nucleation center and catalyzes the remaining metal ions
in solution. The coalescence of atoms causes the formation of metal groups which are normally
stabilized by ligands, surfactants, or polymers. In this study, ascorbic acid acts as a surfactant which is
adsorbed onto the surface of the Ag atom, so that agglomeration of the nanoparticles can be prevented.
The color change in the solution indicates the formation of AgNPs. Initially, the solution is light yellow,
then turns yellow, and turns greenish before stabilizing [15].

Figure 3. TEM image of synthesized AgNPs [14].

Based on TEM analysis, the AgNPs produced from trisodium citrate dihydrate has the form of quasi-
spherical particles and other shapes, such as well-dispersed polygons. The mean size of AgNPs at the
trisodium citrate dihydrate concentrations of 4.00 and 8.00 mM was 38.53 and 36.32 nm, respectively.
The analysis results showed that when the concentration of trisodium citrate dihydrate increased from
4.00 to 8.00 mM, the histogram of the AgNPs particles experienced a narrowing of the size distribution,
from 20-65 nm to 20-50 nm [15].

Whereas in the synthesis of AgNPs using ascorbic acid, the final color of colloidal silver changed from
light yellow to greenish. The mean size of the AgNPs increased with increasing ascorbic acid
concentration, from 37.24 nm at 1.00 mM to 47.28 nm at 4.00 mM [15]. The higher concentration of
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stabilizers can reduce the dispersivity of the nanoparticles in solution, this is indicated by the increasing
size of the AgNPs.

2.3 Laser Ablation

Laser ablation is an environmentally friendly method for synthesizing AgNPs by physical method.
The result is a silver nano colloid which is stable in a variety of dispersing media without the use of
metal precursors and reducing agents [43]. In the laser ablation method, a Neodymium-yttrium
Aluminum Garnet (Nd: YAG) laser with a wavelength of 532 or 1064 nm is generally used and
deionized water as the medium. Water is used in the ablation process because it is inexpenive, safe,
exhibits a high heat capacity, and does not absorb laser light [44].

Zafar et al. [9] synthesized AgNPs using an Nd: YAG laser with a wavelength of 1064 nm. The
materials used were AgNO3 and NaBH4. The laser operates at a repetition rate of 10 Hz with 1000
shots on the first sample and 2000 shots in the second sample. This synthesis produces round AgNPs
with a size of 10-40 nm. AgNPs formed by 1000-shot laser ablation produces particle sizes in the 20
to 35 nm range with a maximum particle count of 25-30 nm. Meanwhile, AgNPs formed by laser
ablation of 2000 shots produced particle sizes in the range of 10 to 35 nm with a maximum particle
number of 20-30 nm. Based on the XRD test, the AgNPs produced have a polycrystalline structure.

In 2011, Darroudi et al. [8] used gelatin as a stabilizer. Gelatin is a good stabilizer because it
prevents agglomeration [43]. The laser ablation method using gelatin stabilizers produced AgNPs with
a size range of 8.90-13 nm. In general, the mean particle size increases with increasing laser fluency
[5]. This is evidenced by the research results of Nancy et al. [45] shown in Figure 4. Based on the
results of TEM analysis, the size of AgNPs in the lowest laser fluency (Figure 4a) was 5 nm, while in
the highest laser fluency (Figure 4 f) was 35 nm [45].
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Figure 4. TEM image of the synthesized AgNPs in different laser fluency (a) 5.30 Jcm2; (b) 26.30 J
cm2; (c) 31.60 J cm?; (d) 36.80 J cm?; (e) 42.10 J cm2; dan () 47.40 J cm-2 [45].

One of the advantages of laser ablation over other conventional methods is that it does not use chemical
reagents. Therefore, the colloid produced is very pure and there are no by-products [46]. However,
laser ablation requires a large amount of energy to operate [44].

2.4 Arc-discharge

One of the physical methods of AgNPs synthesis is arc-discharge by releasing the arc in solution. The

arc-discharge method is simple, but it is difficult to obtain a well-structured result [11]. The arc-

discharge method is affected by several conditions, such as the gap between the electrodes, the

electrode diameter, the type of medium (liquid or gas) to store the electrodes, pressure, electric current,

power supply type, voltage, temperature, and cathode shape [11]. Generally, this method uses two
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silver electrodes that are heated at a high temperature and converted into AgNPs. However, the
electrode used in Ashkarran's research [10] was a titanium electrode. The titanium electrode was
chosen because it is inactive and has a high melting temperature. Using an electron-rich plasma release
source to reduce AgNOg is a bottom-up approach that results in smaller particle sizes [10].

An arc current of 15 A is applied between the two titanium electrodes in the AgNO3 solution with an
arc duration of 6 minutes. The anode and cathode used were titanium wire, 2 mm in diameter, and a
purity level of 99.99%. The reduction process of AgNO3 occurs because of the arc discharge between
the titanium electrodes which are separated from each other [10].

The change in the color of the solution to yellow indicates that all Ag* ions are reduced and AgNPs
have been formed. The number of electrons injected from the release zone into the solution affects the
reduction of the AgQNO3; molecule. The results of the UV-Vis spectrophotometer analysis showed that
the absorption peak was around 410 nm which is the absorbance characteristic of the AgNPs plasmon.
To reduce Ag* to AgP, a source of electron-rich plasma regions is used, according to equation [10]:

AgNO; - Agt+NO3~
Agt+e” - Ag
TEM analysis is used to visualize the size and shape of the nanoparticles produced. Based on the results

of the analysis, the average size obtained is about 18 nm with an average diameter of 27 nm and a
narrow distribution of about 14 nm. [10].

Figures 5 a and b show the SEM analysis results of AgNPs synthesized at an arc current of 15 A with
an arc duration of 1 and 6 minutes. The number of electrons injected from the release zone into the
solution with an arc duration of 6 minutes is more than the arc duration of 1 minute, resulting in more
AgNPs.

Acc  Spot qun Iﬂi WD I"“',——-dfﬁﬂonm ; Acg V™ Spat M0 |1rt N e | O‘Ofvnrn
20,0k 1.0 30000 SE . 11.8 ‘;Ed , 200W ‘U(@(‘( HM Sh #

Figure 5. SEM image of AgNPs at 15 A arc current with arc duration (a) 1 minute and (b) 6 minutes [10].

El-Khatib et al. [11] also synthesized AgNPs using the arc-discharge method. In this study,
ethanol was used as the medium and electrodes with different shapes, specifically cylindrical form
(system A) and disc shape (system B). The transformation of silver metal vapor into nanoparticles goes
through three stages, namely nucleation, group growth, and condensation in ethanol. Ethanol gives
better AgNPs results, which are round and small in size. The resulting AgNPs have an average particle
size in system A of 22 nm and system B of 26 nm. Based on the zeta potential analysis, system A is
better than system B because the particle distribution is more homogeneous and the number of particles
produced is higher (system A 46 mg/minute and system B 34 mg/minute).

The main advantage of the arc-discharge method using titanium electrodes is the ability to
reduce AgNO3 by titanium electrodes more effectively than silver electrodes. Also, this method uses
simple equipment, no need for vacuum equipment, fewer synthesis steps, low impurities, cost-
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effective, and produces good nanoparticles. The drawback of this method is that it takes a long time
for the electrode to reduce AgNO; (Table 1).

2.5 Biosynthesis from Plants

A widely studied alternative method for the synthesis of AgNPs is biosynthesis. As already mentioned,
the physical and chemical synthesis methods are require high energy and use hazardous chemicals. So
those other techniques that are more environmentally friendly, such as involving plant extracts [47],
microorganism [48], and natural polymers [49] are needed.

2.5.1 Sambucus nigra L.

In 2016, Moldovan [21] reported that the biosynthesis of AgNPs from the fruit of Sambucus nigra L.
was environmentally friendly, fast, and inexpenive. The fruit extract of Sambucus nigra L. contains
bioactive compounds that actas a bioreductor and capping agent to avoid the use of toxic chemicals.

In this study, AgNO3 was reduced using 30 mL of Sambucus nigra L. fruit extract mixed with 70 mL
of an aqueous solution of AQNO3 1 M. During the reduction process, the pH of the mixture was adjusted
by adding 0.01 N NaOH solution. The reduction process is indicated by a change in the color of the
solution to brown after 10 minutes. Then, the resulting nanoparticles were purified by centrifugation
at 10000 rpm for 20 minutes, then washed with aquabidest, and stored at 4°C [21]. The formation of
AgNPs is indicated by a change in the color of the water extract from pink-purple to brown.

Figure 6 shows the obtained polydispersion AgNPs with a round shape. These AgNPs ranged in size
from 8 to 33 nm in diameter with an average size of 26 nm from the TEM analysis. The TEM image
shows the presence of a thin layer on the surface of the AgNPs which may be caused by the organic
molecules from the extract which also acts as limiting and stabilizing agents. Based on FTIR analysis,
the peak absorption of OH 3388 cm and C-O 1251 cm! for phenol groups, which means that there
are bioactive compounds which are derivatives of flavonoids in fruit extracts [21].

[

Figure 6. TEM results of the round AgNPs polydispersion [21].

Zeta potential analysis of photosynthesized AgNPs showed a sharp peak with a negative
value of -20.90 mV. The negatively charged surface of the nanoparticles showed that anionic capping
agents such as polyphenols from the fruit extract of Sambucusnigra L. were coordinated with the outer
surface of the AgNPs. The Zeta potential value is used to ensure the stability of the colloidal silver
dispersion [50].

2.5.2 Lantana camara L.

In 2016, VP and Muthukumar K [22] reported the biosynthesis of AgNPs from Lantana camara
L. using ultrasound. Ultrasound is used to damage cells so that cells can release intracellular contents.

98



Aprilianietal., Maghr. J. Pure & Appl. Sci., 6 N° 2 (2020) 91- 110

Biosynthesis using ultrasonic can reduce reduction time, increase the reaction rate of AgNPs synthesis,
and environmentally friendly.

Table 1. The advantages and disadvantages of each AgNPs synthesis methods

Method Material Result Advantages Disadvantages Reference
Biosynthesis | Novosphingobium | AgNPs with the | Does notuse chemicals | The purity of the | [2]
using sp THG-C3 size 8-25nm and | and toxic  solvents | resulting
bacteria spherical (safe), simple synthesis | nanoparticles s

morphology. steps, environmentally | unknown.
friendly, and
inexpenive.
Pseudoduganella | AgNPs with the | The synthesis process | The purity of the | [6]
eburnea MAHUQ- | size 8-24nm, | is  easier, faster, | resulting
39 particle size s | environmentally nanoparticles is
141.2 nm and | friendly and [ unknown.
spherical inexpenive so that can
morphologically | be used for high
production.
Five types of| AgNPs with a | Environmentally Not all synthesized | [17]
bacteria minimum size of | friendly, does not use [ AgNPs were stable
psyrochilic 6.1 £ 2.8 nmto a | dangerous chemicak, [ enough, the AgNPs
(Pseudomonas maximum of 12.2 | inexpenive, the | synthesized by P.
antarctica, + 5.7 and | synthesis time is | Antarctica Was
Pseudomonas spherical shorter than previous | thought to  be
proteolytica, morphology. studies using  B.| unstable due to
Pseudomonas licheniformis, B. | aggregation.
meridiana, subtilis, and F.
Arthrobacter oxysporum, and the
kerguelensis, and stability of synthesized
Arthrobacter AgNPs is quite good,
gangotriensis), which is in more than
two types of 24 hours.
bacteria
mesophilic
(Bacillus indicus
dan Bacillus
cecebensis)
Bacillus Cereus AgNPs with an | Environmentally The time it takes is | [18]
average size of | friendly and  the | long.
about15nm. resulting AgNPs canbe
used as antibacterial.
Biosynthesis | Aspergillustereus | AgNPs with an | Fungi produces more | The results of | [19]
using fungi average size of | bioactive compounds | AgNPs were not
4.3 nm, spherical | when compared to | pure because they
morphology and | bacteria so they are [ were still mixed
polydispersion. more suitable for large- | with biomass
scale production and | (observedby XRD).
easier synthesis.
Trichoderma AgNPs with an | The formation of | The morphology of | [20]
Reesei average size of 5- | extracellular enzymes | the silver
50 nmwith varies | Trichoderma reesei i | nanoparticles was
morphology. very large, up to 100 | irregular.
g/L, much higher than
other fungi, and is an
environmentally
friendly and
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biologically safe fungi.
Also, it requires low
cost, and the resulting
nanoparticles are quite

stable.
Biosynthesis | SambucusnigraL | AgNPs with a [ Environmentally The time it takes is | [21]
using plants mean size of 26 | friendly and | long.
nm, a slightly | inexpenive.
spherical
morphology, and
aggressed.
LantanacamaralL | AgNPs with an | The application of | Expensiveandneed | [22]
average size of [ ultrasound effectively | a process
338 nm and | increases thereduction | purification.
spherical process in several
morphology. folds. The sonication

method can speed up
the contact time
between the samplke
and the solvent even at
room temperature so
that it shortens the
time, requires less
solvent, and results are
more accurate and

precise.
ant nests | AgNPs with a | Environmentally The availability of | [23]
(Myrmecodia mean size of 78.3 | friendly, fast reaction, | ant nests is running
pendans) nm (with | simple synthesis step, | low and  the
stabilizers) and | and inexpenive. resulting  particle
76.1 nm (without size is quite large.
stabilizers).
Cinnamon AgNPs withasizz | The AgNPs produced | Produce a large | [24]
of 50-70nm. are stable and | particle size.
environmentally
friendly.

Chemical Grapheine Oxide | AgNPswithasiz | The resulting AgNPs | The size and shape | [14]
reduction Suspension(GrO) | of 5-25 nm. can be used as | ofthe nanoparticles
antimicrobials against | depend on  the
E. coli and P.| concentrationofthe
aeruginosa whose | Ag salt. The shape
effectiveness depends | of the nanoparticles
on the size and shape of | was irregular at the
the Ag nanoparticles. | higher

concentration of the
Ag salt (8 x 10 mol
dm).
AgNO;s, Trisodium [ AgNPs using [ The method is stabl, | Produces a large | [15]
Citrate trisodium citrate | economical, versatil, | size  of  silver
(CeHsO7Naz) dan | reducers with | and easy to control the | nanoparticles.
Ascorbic  Acid | different size and shape of the
(CsHsOs) concentrations nanoparticles.
produced
nanoparticles

ranging in siz
from 36.32 to
38.53 nm,
meanwhile,
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AgNPs using
ascorbic acid
reducers with
different
concentrations
produced
nanoparticles
ranging in siz
from 3724 to
47.28 nm.
Laser Ag®, NaBHs, dan | AgNPswithasiz | Does not use chemical | Need a  large | [9]
ablation Deionized water 10-40 nm and | reagents, so the [ amountofenergy.
spherical resulting colloid is very
morphology. pure with  unique
surface characteristics
without side products.
Ag®, Deionizd | AgNPs range in | Small particle size and | Need a large | [8]
water, dan Gelatin. | sizefrom8.9to 13 | pure. amount ofenergy.
nm.
Arc- Titanium AgNPs with an | Using simple | The time it takes is | [10]
discharge electrodes averagesize of 18 | equipment without a | long  for  the
in AgNO; solution. | nm. vacuum. Steps of | electrodesto reduce
reduction produce low | AgNO,.
impurity and
inexpenive.
Ethanolas medium | AgNPs have | A simple method, free | It is difficult to get | [11]
and electrodes in | spherical with an | of chemical agents, | high yields with a
cylindrical ~ and | average partick | small particle size, and | good structure.
Disc shapes. size of 22 nm | inexpenive.
(systemA)and 26
nm (systemB).
Gamma Polyvinyl Alcohol | AgNPs range in | The simple method, [ The resulting | [12]
irradiation (PVA), Natrium | size from 43.8 to | produces metal | nanoparticles are
Alginat, AgNO;, | 164 nm, and an | nanoparticles in a fully | quite large in size.
and Isopropanol average diameter | reduced state, is very
0f 69.8 nm. pure and stable, and
there are no reducing
substances or side
products, so it is
harmless and
environmentally
friendly.
AgNO;s, Soy broth | AgNPs have | The resulting particle | Radiation produces | [13]
trypticandHoney | spherical in shape | size is small, uniform, | radiotoxic =~ which
with a size range | and stable. can trigger
0f2.69-10 nmand mutagenic effects.
a dominant
particle size of
4.187 nm.

In this study, 1 mL of Lantana camara L. extract was reacted with 9 mL of 1 M AgNO3; at ambient
temperature, then sonicated for 10 minutes separately. The completion of the AgNPs synthesis process
is indicated by the appearance of the reddish-brown color on the reaction medium. The EDX results
show an absorption peak at 3 keV that is typical for the nanocrystalline absorption of silver metal.
Based on the results of TEM analysis, the morphology of AgNPs was round with an average size of
33.80 nm. XRD analysis shows the diffraction position at 26 are 38.04°; 44.24°; 64.37°; and 77.31°
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corresponding to the FCC fields of AgNPs, namely (111), (200), (220), and (311). Through the Scherrer
equation, the particle size of the AgNPs is 25 nm. Meanwhile, the analysis from HRSEM showed that
the polydispersion particles had an average diameter of 45 nm without any aggregation. Based on FTIR
analysis, it is known that the Lantana camara L. leaf extract contains polyphenols, flavonoids, and
protein compounds. Polyphenols function as a bioreductor and capping agents for silver ions, while
proteins and flavonoids serve to stabilize and prevent agglomeration of AgNPs. The analysis using
XPS proved that AgNPs are in a reduced state in their metal ions [22].

The main focus of this research is the synthesis of AgNPs in a short time, which is 10 minutes.
The use of ultrasound in this method can increase the reduction process many times. AgNPs were
synthesized purely without impurities, but very few AgNPs were produced in the monodispersed form
[22].

2.5.3 Myrmecodia pendans

Ant nests (Myrmecodia pendans) are plants originating in Papua and are known to contain kaempferol
(13.767 mg/g), luteoline (0.005 mg/g), routine (0.003 mg/g), quercetin (0.030 mg/g) and apigenin
(4.700 mg/g) which belong to the flavonoid group [13]. Flavonoids serve as reducing agents in the
synthesis of AgNPs. The use of ant nest extract as a bioreductor is expected to minimize the use of
inorganic material that is harmful to the environment.

Maarebia et al. [23] synthesized AgNPs using Myrmecodia pendans extract as a bioreductor and
AgNOs; solution as a metal precursor. This analysis was performed using two factors, namely without
stabilizers and with a 2 mL PVA (Polyvinyl Alcohol) stabilizer [23]. PV A serves as a stabilizing agent
to avoid particle agglomeration. The principle of this method is to minimize Ag° from Ag* ions
obtained from AgNOj solution and Myrmecodia pendans extract. AgNPs synthesis was initiated by
the reaction of 2 mL of Myrmecodia pendans extract with 20 mL of 1 mM of AgNO3 solution using a
multi stirrer for 2.5 hours.

The results of the AgNPs synthesis are distinguished by a change in the color of the solution mixture
to brownish-yellow. Characterization using an UV-Vis spectrophotometer for AgNPs using a PVA
stabilizer reached a maximum peak of 408.50 nm. In the meantime, the value obtained for AgNPs
without stabilizers is 408.00 nm. The results of PSA identification showed that the particle size of
AgNPs without PVA was 76.1 nm with a polydispersity of 0.324, while the particle size of AgNPs
with PVA was 78.3 nm with a polydispersity of 0.303. Based on the results of the SEM study, AgNPs
without PVAwere globular with a diameter of 50-64 nm and AgNPswith PV A were not agglomerated.
EDS study results showed that the mass percent of the silver element in AgNPs without stabilizers was
83.70% and for AgNPs using stabilizers was 82.14%. The XRD findings at an angle of 20 showed
three peaks for PVA-free AgNPs, namely (111), (202), and (311). Meanwhile, for PVA-based AgNPs,
there are four peaks, namely (111), (200), (202), and (311). The distribution of the synthesized AgNPs
particles showed different sizes ranging from 8.86—32.59 nm [23].

2.54 Biosynthesis from Cinnamon Extract

One of the chemical reduction methods for the synthesis of AgNPs which is environmentally is the use
of cinnamon extract as a reducing agent [51]. AgNPs tend to undergo aggregation in order to form
large sizes. The stability of the AgNPs plays a very important role when it is characterized and applied
to a product [52].

Premkumar et al. [24] reported the synthesis of AgNPs using cinnamon extract with AgNO3 solution
as a metal precursor and cinnamon extract as a bioreductor and stabilizer. Cinnamon extract was
obtained by dissolving 1 g of cinnamon in 25 mL of distilled water. After being mixed and heated at
60-70°C for 25-30 minutes, the solution is filtered, then the filtrate obtained is used for the synthesis
of AgNPs. Cinnamon extract filtrate with dilution in water of 0.54.5 was mixed with 10 pL of 1 mM
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of AgNOs solution. Then incubated at 37°C for 48 hours. The synthesis findings were characterized
using UV-Vis spectrophotometer, FTIR, FESEM, and XRD.

The formation of AgNPs is marked by reddish-brown discoloration. Characterization using UV-Vis
spectrophotomety resulted in a peak at 412 nm. FTIR analysis is used to identify biomolecules that
cause the reduction of Ag* ions. Characterization using FTIR resulted in a several spectra, namely
3259.29; 1634.60; 564.12; 520.32; and 510.10. FESEM analysis shows that the resulting AgNPs are
spherical and the diameters range from 50-70 nm. On the basis of the XRD study, the synthesized
AgNPs had a peak 27,743°; 32,161°; 38,025°; 46,159°; and 54,720° [24].

2.6 Biosynthesis from Bacteria
2.6.1 Psycrophilic and Mesophilic

Shivaji etal. [17] synthesized AgNPs using five types of psychrophilic bacteria, that are Pseudomonas
antarctica, Pseudomonas proteolytic, Pseudomonas meridiana, Arthrobacter kerguelensis, and
Arthrobacter gangotriensis, as well as two types of mesophilic bacteria, which are Bacillus indicus,
and Bacillus cecebensis. Bacterial cultures were grown in nutrient broth media using an orbital shaker
at 180 rpm with a temperature of 22°C. In the supernatant culture of the psychrophilic bacteria, there
was a brown discoloration which indicated the formation of AgNPs. Characterization using a UV-Vis
spectrophotometer resulted in a maximum peak at 410 nm. However, the addition of AgNO3 to the
seven bacterial culture media did not produce AgNPs. In other findings, the effects of the synthesis of
AgNPs using a cell-free supernatant from A. kerguelensis and P. antarctica were stable for up to 8
months if stored in dark conditions. Meanwhile, the nanoparticles produced using culture media are
less stable. Morphology and size of the AgNPs of B. indicus and P. antarctica showed spherical
particles with mean sizes varying from 6.10 + 2.80 nm to 12.20 + 5.70 at TEM and 4.60-13.30 nm at
AFM.

The results of the A. Kerguelensis cell-free supernatant synthesis has shown the best stability of AgNPs.
This is because of the components secreted by A. kerguelensis bacteria have the potential to increase
the stability of AgNPs. The advantages of using this method are that it is environmentally friendly,
does not use harmful chemicals, and inexpensive. In addition, the synthesis time is relatively shorter
than that of previous studies using B. licheniformis, B. Subtilis, and F. oxysporum. However, not all
AgNPs produced had good stability, such as the synthesis of P. Antarctica which was unstable due to
aggregation [17].

2.6.2 Novosphingobium sp. THG-C3

Biosynthesis of AgNPs using bacteria is an environmentally friendly and inexpenseive method. Du et
al. [2] synthesized AgNPs from Novosphingobiumsp. THG-C3. Bacteria are obtained by soil insulation
since the soil is a source of microbial diversity that can be used for human welfare. Bacteria were
cultured in 100 mL nutrient broth for 48 hours. Next, cells were removed by centrifugation at 9000
rpm for 10 minutes. 0.1 mL of 1 M AgNOs solution wasadded to 100 mL of supernatant and incubated
for 2 days in an orbital shaker at 120 rpm and 25°C.

Synthesis of AgNPs by Novosphingobiumsp. THG-C3is carried out extracellularly. The formation of
AgNPs was characterized by a color change from light yellow to dark brown on the culture supernatant
within 48 hours. Characterization using a UV-Vis spectrophotometer resulted in a peak at 406 nm
which corresponds to the plasmon surface resonance band of AgNPs. Based on the FE-TEM analysis,
the morphology of the synthesized AgNPs is spherical with a size of 8-25 nm. XRD results showed
the diffraction peaks at 20, namely 38.20°; 44.37°; 64.43°; and 77.47° which correspond to the FCC
lattice planes of the AgNPS, namely (111), (200), (220), and (311). The results of the SAED analysis
showed that the crystal lattice plane matched the XRD results and confirmed the crystalline nature of
the AgNPs. Elemental mapping analysis reveals that silver is the dominant element in AgNPs. The
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composition and purity of the synthesized AgNPs were analyzed using EDX with a yield close to 3
keV, which is the silver atom signal [2].

2.6.3 Pseudoduganella eburnea MAHUQ-39

Through previous reports, it was found that secreted enzymes from bacteria are essential for
nanoparticle biosynthesis. The mechanism that occurs is the trapped metal ions on the surface or within
the bacterial cell and the trapped metal ions are converted into nanoparticles in the presence of secreted
enzymes by bacteria [44]. The advantages of extracellular biosynthesis are easier, more cost-effective,
and produce nanoparticles that can be purified easily and quickly. In the meantime, the intracellular
purification steps are more difficult and complex [6].

Huq [6] reported the results of an AgNPs biosynthesis study using Pseudoduganella eburnea
MAHUQ-39. The bacteria were cultured in 100 mL of the R2A medium. Then incubated in a shaking
incubator at 140 rpm and a temperature of 30 C for 2 days. Next, 0.1 mL of 1 M AgNO3 solution was
added to 100 mL of culture supernatant and incubated at 140 rpm and 30°C for 24 hours.
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Figure 7. EDX Spectrum of AgNPssynthesized (A) FE-TEM for element mapping (B) and distribution
of Ag elements in element mapping (C) [6]

The formation of AgNPs resulted in a color change in the culture supernatant from yellow to brown
within 24 hours. This is due to the surface plasmon resonance. Characterization of AgNPs using a UV -
Vis spectrophotometer resulted in a peak at 448 nm. The composition and purity of the AgNPs in
Figure 7A were obtained with an EDX spectrometer showing a homogeneous distribution of AgNPs
with an elemental silver signal of about 3 keV. Characterization using FE-TEM is shown in Figure 7B,
which shows the morphology of round AgNPs with sizes between 8 - 24 nm. Meanwhile, the XRD
spectrum shows a diffraction peak at 20, namely 38.13°; 44.31°; 64.44°; and 77.42° which correspond
to the grid planes of the AgNPs, namely (111), (200), (220), and (311). The mapping results and the
SAED pattern shown in Figure 7C indicate that the structure of the AgNPsis crystalline. The findings
of the FTIR study indicate the presence of functional groups of biomolecular compounds involved in
the stabilization of AgNPs. The observed absorption bands are 3439.16; 2922.29; 2854.13; 2360.07;
2342.06; 1734.23; 1636.01; 1457.49; 1057.74 cm. Using DLS, the mean particle size of synthesized
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AgNPs was 141.2 nm with a polydispersity value of 0.369 [20]. Synthesis of AgNPs using
Pseudoduganella eburnea MAHUQ-39 is a method that is environmentally friendly, fast, easy,
economical, and can be used for high production [6].

2.6.4 Bacillus cereus

Prakash et al. [18] synthesized AgNPs from the bacteria Bacillus cereus. In this research, the
bacteria were cultured using 250 mL MGYP medium. Then homogenized using a rotary shaker at 100
rpm and incubated at 37.5°C for 24 hours. This synthesis was conducted extracellularly by adding
AgNOQOs; to the inoculum, then placing it in a shaker for 24 hours. The concentration of AgNO3 solution
used was ranged from 50, 100, 500, 1000, 1500 to 20000 ppm. After 24 hours, the culture was filtered
and a cell-free supernatant was generated. Further research was carried out with a UV-Vis
spectrophotometer with a wavelength of 200-600 nm. To avoid the presence of impurities from the
medium in the nanoparticles, washthem 3-4 times using distilled water.

The culture switches color after 24 hours, which becomes dark orange. This indicates the
extracellular reduction of silver salts to AgNPs. The results of the UV-Vis analysis showed that the
sharp plasmon peaks at 435 nm suggested that silver was in the nanoscale range. While the XRD
analysis results show the XRD pattern in the AgNPs lattice planes of the FCC, which are (111), (200),
(220), and (311), and the AgNPs structure is crystalline. TEM analysis results from AgNPs show that
the morphology is round with a size of 10-30 nm, most of which are 15 nm in size. Based on the
HRTEM analysis, an interplanar distance (d) of 2.02A was obtained where this result corresponds to
the crystallization area (200) of the AgNPs. The synthesis of AgNPs using Bacillus cereus bacteria
takes a long time but does not have a detrimental effect on the environment. Therefore, this approach
can be used as an alternative method that is environmentally friendly [18].

2.7 Biosynthesis from Fungi
2.7.1 Aspergillus tereus

Li et al. [19] used Aspergillus tereus fungi isolated from the soil to synthesize AgNPs. Aspergillus
tereus fungi were grown on Potato Dextrose Broth (PDB) medium at 28°C in a rotary shake at 120 rpm
for 96 hours. A total of 25 g of biomass is stored in a flask containing 100 mL of Milli-Q water. Then,
the flask is incubated for 24 hours and filtered to produce cell filtrate. After that, 50 mL of cell filtrate
was mixed with 10 mL of AgNO; solution 10 mmol/L. Furthermore, incubated at 28°C in a dark
conditions for 24 hours. The results of the synthesis of AgNPs were characterized by a UV-Vis
spectrophotometer at a wavelength of 240-570 nm, XRD analysis, and TEM analysis.

In the research of Li et al. [19] formation of AgNPs was indicated by a color change in the crude cell
filttrate of Aspergillus terreus after the addition of the AgNOj3 solution. After incubation for 24 hours,
the color intensity of the cell filtrate with AgNO3 remained brown. This indicates that the particles are
well dispersed in the solution. The UV-Vis spectrophotometer results of the AgNOg cell filtrate showed
the presence of AgNPs with a strong peak at 440 nm. From the TEM analysis results, it was obtained
that spherical particle with anaverage size polydispersion of 4.30 nm as shown in Figure 8. The results
of intense XRD peaks were observed and obtained plane patterns (111), (200), (220), and (311). at an
angle of 20 of 38.28 °; 44.38 °; 64.54 °; and 77.64 °. The size of the AgNPs according to the XRD
analysis results was around 5.2 nm. These results are consistent with the TEM analysis. When
compared with bacteria, the synthesis of AgNPs with fungi produces more bioactive compounds so
that the reduction time is shorter. Also, the synthesis process is much easier and can be used for large-
scale production. Meanwhile, the deficiency of AgNPs synthesis with fungi is that the AgNPs obtained
are not pure because they are still mixed with biomass. This was observed when analyzing using XRD
[18].
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2.7.2 Trichoderma reesei

Vahabi etal. [20] synthesizes AgNPs from the fungi Trichoderma reesei to produce AgNPs on a large
scale. Inoculation of Trichoderma reesei fungi was carried out in Potato Dextrose Agar (PDA) medium
at 28°C in a petri dish. Fungi was grown in bottles containing 100 mL GC medium (consisting of 0.50%
glucose and 0.40% casein hydrolyzate) ata temperature of 25-28°C and stirred using a magnetic stirrer
at 150 rpm for 72 hours. Then the mycelium mass (the vegetative part of the fungi) is separated from
the culture. The mass of 10 g of mycelium was mixed with 100 mL of 1 mM AgNOj; solution. The
mixture was placed in a 100 rpm rotating shaker at 28°C for 120 hours. In this process, silver
nanoparticles are produced by reducing silver ions to silver metal. Silver ion reduction was
characterized by a UV-Vis spectrophotometer [20].
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Figure 8. (A) Representative image of synthesized AgNPs by reducing AgNOs solution with crude cell filtrate
from Aspergillus terreus (B) Distribution of the size of the AQNPs from the TEM analysis [19].

The results of the UV-Vis spectrophotometer analysis showed an increase in the intensity of the silver
solution with increasing time which was marked by an increase in peaks from 414 to 420 nm. This
indicates an increase in the amount of AgNPs formed in solution. The reaction of AgNPs formation
takes about 1 month and the resulting solution is stable without any particle aggregation. The resulting
AgNPs have a size of 5-50 nm with various morphology and are crystalline, based on the diffraction
pattern of the analysis [20].

The synthesis of nanoparticles using fungi has several advantages, such as high production of specific
enzymes or metabolites, high growth rates, easy handling in large-scale production, and low cost.
Trichoderma reesei fungi is famous for its formation of extracellular enzymes which are very large, up
to 100 g /L. The result is much higher than other fungi. Also, Trichoderma reeseiis a fungi that is
environmentally friendly and biologically safe, because it is not a pathogenic fungi.

Based on several methods of AgNPs synthesis that have been studied, there are several deficiencies
and advantages of each method. The deficiencies and advantages of each synthesis method are
presented in table 1. Synthesis of AgNPs by biosynthesis is the best method because the method is
environmentally friendly, does not use harmful chemicals, so it is safe and cost-effective. Even some
biosynthesis requires a fairly short time and the synthesis steps are simple. Although, not all AgNPs
produced are small and stable. The sources used in biosynthesis are various, including bacteria, fungi,
and plants, all of which have their advantages and disadvantages. Biosynthesis using bacteria requires
the isolation of microorganisms, needed an aseptic conditions, and maintenance which costs a lot.
Meanwhile, biosynthesis using fungi produced less pure AgNPs. Therefore, biosynthesis using plants
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is the most effective method for large-scale production, because it is easy, fast, environmentally
friendly, inexpensive, and produces smaller AgNPs compared to other methods.

3. Conclusion

Synthesis of Silver Nanoparticles (AgNPs) can be made from various methods, such as physics,
chemistry, and biology. Biological methods are usually biosynthetic using plants, bacteria, and fungi.
In physics methods through laser ablation and arc-discharge. Meanwhile, chemical methods can be
done through chemical reduction and gamma irradiation. The chemical synthesis method produce pure
AgNPs, but they have dangerous side effects for the environment. Laser ablation has the same
advantages as chemical reduction, but it requires a large amount of energy. Meanwhile, for gamma
irradiation, the resulting AgNPs have a relatively large size, although they are pure and have no side
products. When comparing the risks posed, the biosynthetic method is considered to be the best,
because it is environmentally friendly and cost-effective. Furthermore, it can be concluded that the best
method for the synthesis of AgNPs is biosynthesis using plants. Because biosynthesis using plants
produces AgNPs which are smaller in size than other methods. Also, biosynthesis using bacteria
requires maintenance which costs a lot. Meanwhile, biosynthesis using fungi resulted in less pure
AgNPs.

4. Acknowledgment

We are grateful to Dr. Eng. H. Asep Bayu Dani Nandiyanto, S.T., M.Eng for his apprise, advice, and
guidance during the writing of this review paper. Thank you to the Department of Chemistry Education,
University of Education of Indonesia for the facilities and support provided.

References

[1] M.J. Ahmed, G. Murtaza, A. Mehmood, T.M. Bhatti, Green synthesis of silver nanoparticles using
leaves extract of Skimmia laureola: Characterization and antibacterial activity, Mater. Lett. 2015
153 10-13. https://doi.org/10.1016/j.matlet.2015.03.143.

[2] J. Du, H. Singh, T.H. Yi, Biosynthesis of silver nanoparticles by Novosphingobium sp. THG-C3
and their antimicrobial potential, Artif. Cells, Nanomedicine Biotechnol. 2017 45 211-217.
https://doi.org/10.1080/21691401.2016.1178135.

[31 0. V Salata, Journal of Nanobiotechnology, J. Nanobiotechnology. 2004 6 1-6.
https://doi.org/10.1186/1477-3155-2-12.

[4] A. Majdalawieh, M.C. Kanan, O. El-Kadri, S.M. Kanan, Recent advances in gold and silver
nanoparticles: Synthesis and applications, J. Nanosci. Nanotechnol. 2014 14  4757-4780.
https://doi.org/10.1166/jnn.2014.9526.

[5] K.M.M. Abou EI-Nour, A. Eftaiha, A. Al-Warthan, R.A.A. Ammar, Synthesis and applications of
silver nanoparticles, Arab.J. Chem. 2010 3 135-140. https://doi.org/10.1016/j.arabjc.2010.04.008.

[6] M.A. Hug, Green synthesis of silver nanoparticles using pseudoduganella eburnea MAHUQ-39
and their antimicrobial mechanisms investigation against drug resistant human pathogens, Int. J.
Mol. Sci. 2020 21 . https://doi.org/10.3390/ijms 2104 1510.

[7] B.Z. S. Iravani, H. Korbekandi, S.V. Mirmohammadi, Synthesis of silver nanoparticles: chemical,
physical and biological methodstle, Res. Pharm. Sci. 2014, 9 385-406.

[8] M. Darroudi, M.B. Ahmad, R. Zamiri, A.H. Abdullah, N.A. Ibrahim, K. Shameli, M. Shahril Husin,
Preparation and characterization of gelatin mediated silver nanoparticles by laser ablation, J. Alloys
Compd. 509 (2011) 1301-1304. https://doi.org/10.1016/j.jallcom.2010.10.018.

107



Aprilianietal., Maghr. J. Pure & Appl. Sci., 6 N° 2 (2020) 91- 110

[9] N. Zafar, S. Shamaila, J. Nazir, R. Sharif, M. Shahid Rafique, J. Ul-Hasan, S. Ammara, H. Khalid,
Antibacterial Action of Chemically Synthesized and Laser Generated Silver Nanoparticles against
Human Pathogenic  Bacteria, J. Mater. Sci. Technol. 2016, 32 721-728.
https://doi.org/10.1016/].jmst. 2016.05.0009.

[10] A.A. Ashkarran, A novel method for synthesis of colloidal silver nanoparticles by arc discharge
in liquid, Curr. Appl. Phys. 10 (2010) 1442-1447. https://doi.org/10.1016/j.cap.2010.05.010.

[11] A.M. El-Khatib, M.S. Badawi, Z.F. Ghatass, M.M. Mohamed, M. Elkhatib, Synthesize of Silver
Nanoparticles by Arc Discharge Method Using Two Different Rotational Electrode Shapes, J. Clust.
Sci. 2018, 29 1169-1175. https://doi.org/10.1007/s10876-018-1430-2.

[12] N. Eghbalifam, M. Frounchi, S. Dadbin, Antibacterial silver nanoparticles in polyvinyl
alcohol/sodium alginate blend produced by gamma irradiation, Int. J. Biol. Macromol. 2015, 80
170-176. https://doi.org/10.1016/j.ijpiomac.2015.06.042.

[13] A.M.S. Hosny, M.T. Kashef, S.A. Rasmy, D.S. Aboul-Magd, Z.E. El-Bazza, Antimicrobial
activity of silver nanoparticles synthesized using honey and gamma radiation against silver-resistant
bacteria from wounds and burns, Adv. Nat. Sci. Nanosci. Nanotechnol. 2017, 8
https://doi.org/10.1088/2043-6254/aa8b44.

[14] M.R. Das, R.K. Sarma, R. Saikia, V.S. Kale, M. V. Shelke, P. Sengupta, Synthesis of silver
nanoparticles in an aqueous suspension of graphene oxide sheets and its antimicrobial activity,
Colloids Surfaces B Biointerfaces. 2011, 83 16-22. https://doi.org/10.1016/j.colsurfb.2010.10.033.

[15] G. Suriati, M. Mariatti, A. Azizan, Synthesis of silver nanoparticles by chemical reduction
method: Effect of reducing agent and surfactant concentration, Int. J. Automot. Mech. Eng. 2014;
10 1920-1927. https://doi.org/10.15282/ijame.10.2014.9.0160.

[16] J. Natsuki, A Review of Silver Nanoparticles: Synthesis Methods, Properties and Applications,
Int. J. Mater. Sci. Appl. 2015, 4 325. https://doi.org/10.11648/}.ijmsa.20150405.17.

[17] S. Shivaji, S. Madhu, S. Singh, Extracellular synthesis of antibacterial silver nanoparticles using
psychrophilic bacteria, Process Biochem. 2011, 46 1800-1807.
https://doi.org/10.1016/j.prochio.2011.06.008.

[18] A. Prakash, S. Sharma, N. Ahmad, A. Ghosh, P. Sinha, Synthesis of Agnps By Bacillus Cereus
Bacteria and Their Antimicrobial Potential, J. Biomater. Nanobiotechnol. 2011, 02 155-161.
https://doi.org/10.4236/jbnb.2011.22020.

[19] G. Li, D.He, Y. Qian, B. Guan, S. Gao, Y. Cui, K. Yokoyama, L. Wang, Fungus-mediated green
synthesis of silver nanoparticles using aspergillus terreus, Int. J. Mol. Sci. 2012, 13 466-476.
https://doi.org/10.3390/ijms13010466.

[20] K. Vahabi, G.A. Mansoori, S. Karimi, Biosynthesis of Silver Nanoparticles by Fungus
Trichoderma Reesei (A Route for Large-Scale Production of AgNPs), Insciences J. 2011, 1 65-79.
https://doi.org/10.5640/insc.010165.

[21] B. Moldovan, L. David, M. Achim, S. Clichici, G.A. Filip, A green approach to phytomediated
synthesis of silver nanoparticles using Sambucus nigra L. fruits extract and their antioxidant activity,
J. Mol. Lig. 2016, 221 271-278. https://doi.org/10.1016/}.mollig.2016.06.003.

[22] V.P.Manjamadha, K. Muthukumar, Ultrasound assisted green synthesis of silver nanoparticles
using weed plant, Bioprocess Biosyst. Eng. 39 (2016) 401-411. https:/doi.org/10.1007/s00449-
015-1523-3.

[23] R.Z. Maarebia, A.W. Wahab, P. Taba, Synthesis and characterization of silver nanoparticles
using water extract of Sarang Semut (Myrmecodia pendans) For blood glucose sensors, Indonesia
Chimica Acta, 2019, 12, 29-46

108



Aprilianietal., Maghr. J. Pure & Appl. Sci., 6 N° 2 (2020) 91- 110

[24] J. Premkumar, T. Sudhakar, A. Dhakal, J.B. Shrestha, S. Krishnakumar, P. Balashanmugam,
Synthesis of silver nanoparticles (AgNPs) from cinnamon against bacterial pathogens, Biocatal.
Agric. Biotechnol. 2018, 15, 311-316. https://doi.org/10.1016/j.bcab.2018.06.005.

[25] M. Rai, A. Yadav, A. Gade, Silver nanoparticles as a new generation of antimicrobials,
Biotechnol. Adv. 2009, 27, 76-83. https://doi.org/10.1016/j.biotechadv.2008.09.002.

[26] T.A.Jorge de Souza, L.R. Rosa Souza, L.P. Franchi, Silver nanoparticles: An integrated view of
green synthesis methods, transformation in the environment, and toxicity, Ecotoxicol. Environ. Saf.
2009, 171, 691-700. https://doi.org/10.1016/j.ecoenv.2018.12.095.

[27] H.D. Beyene, A.A. Werkneh, H.K. Bezabh, T.G. Ambaye, Synthesis paradigm and applications
of silver nanoparticles (AgNPs), a review, Sustain. Mater. Technol. 2017, 13 18-23.
https://doi.org/10.1016/j.susmat.2017.08.001.

[28] L. Wei, J. Lu, H. Xu, A. Patel, Z.-S. Chen, G. Chen, Silver nanoparticles: synthesis, properties,
and therapeutic applications, Drug Discov. Today. 2014, 20 595-601.

[29] H. Wang, X. Qiao, J. Chen, S. Ding, Preparation of silver nanoparticles by chemical reduction
method, Colloids Surfaces A Physicochem. Eng. Asp. 2005 256, 111-115.
https://doi.org/10.1016/j.colsurfa.2004.12.058.

[30] F.M. Reicha, A. Sarhan, M.1. Abdel-Hamid, I.M. EI-Sherbiny, Preparation of silver nanoparticles
in the presence of chitosan by electrochemical method, Carbohydr. Polym. 2012, 89, 236-244.
https://doi.org/10.1016/j.carbpol.2012.03.002.

[31] Z.Khan, S.A. Al-Thabaiti, A.Y.Obaid, A.O.Al-Youbi, Preparation and characterization of silver
nanoparticles by chemical reduction method, Colloids Surfaces B Biointerfaces. 2011, 82, 513-517.
https://doi.org/10.1016/j.colsurfb.2010.10.008.

[32] J.P.Abid, A.W.Wark, P.F. Brevet, H.H. Girault, Preparation of silver nanoparticles in solution
from a silver salt by laser irradiation, Chem. Commun. 2002, 7, 792—-793.
https://doi.org/10.1039/b200272h.

[33] K. Shameli, M. Bin Ahmad, W.M.Z.W. Yunus, N.A. lbrahim, Y. Gharayebi, S. Sedaghat,
Synthesis of silver/montmorillonite nanocomposites using y-irradiation, Int. J. Nanomedicine. 5
(2010) 1067—1077. https://doi.org/10.2147/1IN.S15033.

[34] Y.N. Rao, D. Banerjee, A. Datta, S.K. Das, R. Guin, A. Saha, Gamma irradiation route to
synthesis of highly re-dispersible natural polymer capped silver nanoparticles, Radiat. Phys. Chem.
79 (2010) 1240-1246. https://doi.org/10.1016/j.radphyschem.2010.07.004.

[35] Y. Liu, S.Chen, L. Zhong, G. Wu, Preparation of high-stable silver nanoparticle dispersion by
using sodium alginate as a stabilizer under gamma radiation, Radiat. Phys. Chem. 2009, 78 251-
255. https://doi.org/10.1016/j.radphysche m.2009.01.003.

[36] E.L Alarcon, Nanoparticles Nanoparticle Applications, 2015.
https://www.understandingnano.com/nanopartic les.html.

[37] R. Surudzi¢, Z. Jovanovié, N. Bibi¢, B. Nikoli¢, V. Miskovic-Stankovic, Electrochemical
synthesis of silver nanoparticles in poly(vinyl alcohol) solution, J. Serbian Chem. Soc. 72013,8
2087-2098. https://doi.org/10.2298/JSC131017124S.

[38] K. Naghavi, E. Saion, K. Rezaee, W.M.M. Yunus, Influence of dose on particle size of colloidal
silver nanoparticles synthesized by gamma radiation, Radiat. Phys. Chem. 2010, 79 1203-1208.
https://doi.org/10.1016/j.radphyschem.2010.07.0009.

[39] C.R. Harrell, V. Djonov, C. Fellabaum, V. Volarevic, Risks of using sterilization by gamma
radiation: The other side of the coin, Int. J. Med. Sci. 2018, 15, 274-279.
https://doi.org/10.7150/ijms.22644.

109



Aprilianietal., Maghr. J. Pure & Appl. Sci., 6 N° 2 (2020) 91- 110

[40] S.N. Mailu, T.T. Waryo, P.M. Ndangili, F.R. Ngece, A.A. Baleg, P.G. Baker, E.I. lwuoha,
Determination of anthracene on Ag-Au alloy nanoparticles/overoxidized-polypyrrole composite
modified glassy carbon electrodes, Sensors (Switzerland). 2010, 10, 9449-9465.
https://doi.org/10.3390/s101009449.

[41] L. Huang, H. Yang, Y. Zhang, W. Xiao, Study on Synthesis and Antibacterial Properties of Ag
NPs/GO Nanocomposites, J. Nanomater. 2016, 7, 1-9. https://doi.org/10.1155/2016/5685967.

[42] S. K. Ghotekar, P. S. Vaidya, S. N. Pande, S. P. Pawar, Synthesis of silver nanoparticle by using
3-methyl pyrazol 5-one ( chemical reduction method ) and its characterization, Int. J. Multidiscip.
Res. Dev. 2015, 2, 419-422.

[43] A.Takami, H. Kurita, S. Koda, Laser-Induced Size Reduction of Noble Metal Particles, J. Phys.
Chem. B. 1999, 103 1226-1232.

[44] M.C. Sportelli, M. 1zzi, A.Volpe, M. Clemente, R.A.Picca, A. Ancona, P.M. Lugara, G. Palazzo,
N. Cioffi, The pros and cons of the use of laser ablation synthesis for the production of silver nano-
antimicrobials, Antibiotics. 2018, 7, 67. https://doi.org/10.3390/antibiotics7030067.

[45] P.Nancy, J. James, S. Valluvadasan, R.A.V. Kumar, N. Kalarikkal, Laser—plasma driven green
synthesis of size controlled silver nanoparticles in ambient liquid, Nano-Structures and Nano-
Objects. 16 (2018) 337-346. https://doi.org/10.1016/j.nan0s0.2018.09.006.

[46] T. Tsuji, K. Iryo, N. Watanabe, M. Tsuji, Preparation of silver nanoparticles by laser ablation in
solution: influence of laser wavelength on particle size, Appl. Surf. Sci. 2002, 202, 80-85.

[47] J.Y.Song, B.S. Kim, Rapid biological synthesis of silver nanoparticles using plant leaf extracts,
Bioprocess Biosyst. Eng. 2009, 32, 79-84. https://doi.org/10.1007/s00449-008-0224-6.

[48] V.K.Sharma, R.A.Yngard, Y. Lin, Silver nanoparticles: Green synthesis and their antimicrobial
activities, Adv. Colloid Interface Sci. 145 (2009) 83-96. https://doi.org/10.1016/].cis.2008.09.002.

[49] H. Huang, Q. Yuan, X. Yang, Preparation and characterization of metal-chitosan
nanocomposites, Colloids Surfaces B Biointerfaces. 2004, 39, 31-37.
https://doi.org/10.1016/j.colsurfb.2004.08.014.

[50] C.C. Bonatto, L.P. Silva, Higher temperatures speed up the growth and control the size and
optoelectrical properties of silver nanoparticles greenly synthesized by cashew nutshells, Ind. Crops
Prod. 58 (2014) 46-54. https://doi.org/10.1016/}.indcrop.2014.04.007.

[51] M. Sathishkumar, K. Sneha, S.W. Won, C.W. Cho, S. Kim, Y.S. Yun, Cinnamon zeylanicum
bark extract and powder mediated green synthesis of nano-crystalline silver particles and its
bactericidal  activity,  Colloids Surfaces B Biointerfaces. 2009, 73, 332-338.
https://doi.org/10.1016/j.colsurfb.2009. 06.005.

[52] A. Haryono, D. Sondari, S. Harnami, M. Randy, Sistesa Nanopartikel Perak Dan Potensi
Aplikasinya, Indones. J. Ind. Res. 2008, 2, 156-163.

(2020) ; http://revues.imist.ma/?journal=mjpas&page=index

110


http://revues.imist.ma/?journal=mjpas&page=index

