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a b s t r a c t
Silver nanostructures have gained considerable attention in many applications because of their 
unique physical and chemical properties such as optical, electronic, surface, shape, and size which 
are not in bulk material. The most common application is as antimicrobial agents. However, the anti-
microbial activity depends on their synthesis process, sizes, and shapes. In the current work, silver 
nanoparticles (Ag NPs) were synthesized from Murraya koenigii leaf extract by a green method using 
different silver nitrate (AgNO3) concentrations. The Ag NPs were subjected to the diode laser irradi-
ation (DLI) by using laser radiation at 450 nm wavelengths to change the size and morphology of Ag 
NPs because this radiation is absorbed in the size of Ag NPs. The formation of Ag NPs was confirmed 
by the surface plasmon resonance. The Fourier transform-infrared spectroscopy spectra revealed 
that the presence of biomolecules was responsible for the reduction of silver ions. The field emission 
scanning electron microscopy showed asymmetric spherical volume of Ag NPs, stable on the leaf 
extract molecules. Moreover, the Ag NPs modified by DLI exhibited a different change in size and 
morphology. These findings showed that DLI of silver colloids can aggregate, melt, and fragmentize 
particles into colloidal nanostructures. The combination of two methods, green synthesis and laser 
manipulation, gave high productivity. Thus, it can be concluded that the combination of the green 
synthesis and laser manipulation in liquids can fabricate nanoparticles of different shapes and sizes, 
and characterized for efficiency as antimicrobial agents.
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1. Introduction

Metallic nanoparticles are of great importance in many 
fields and applications such as medicine and electronics. 
This is because they have unique optical, electronic, chem-
ical, and physical properties, and can be applied in drug 
delivery, catalysis, and sensing [1]. The morphological and 

crystalline properties of nanostructure made them distinc-
tive. Therefore, researchers are looking for ways which 
might produce and control the shapes and sizes of nanopar-
ticles [2]. Many methods are available for the production of 
silver nanoparticles (Ag NPs) such as thermal decomposition 
[3], chemical reactions [4], electrochemical [5], and micro-
wave-assisted process [6]. The development of chemical 
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and physical techniques in the production of nanomaterials 
is associated with the concern over environmental pollution 
because the use of chemical and physical methods gener-
ate hazardous secondary waste [7]. Therefore, a safe, non-
toxic, clean, and environmentally friendly way to produce 
nanoparticles is needed. As a result, researchers have led 
to biochemical systems in the production of nanoparticles. 
Bio-synthesis methods have paved the way for the “green 
chemistry” of nanoparticles.

The use of environmentally friendly materials such 
as plant extracts, fungi, bacteria, enzymes to produce Ag 
NPs offers many benefits that are compatible with bio-
medical and pharmaceutical applications [8]. It has been 
demonstrated that green synthesis is better than chemical 
and physical methods because it is efficient, cost-effec-
tive, environmentally friendly and safe for medical use [9]. 
It is possible to increase the production process easily on 
a wider scale. This technique also does not require high 
temperature or high pressure or toxic chemicals. Recently, 
Murraya koenigii leaves were reported to have antioxidant 
properties due to the presence of highly concentrated car-
bazole compounds [10], which play a major role in reduc-
ing and stabilizing metal ions. The reduction of silver ions 
into Ag NPs using M. koenigii leaf extract has prompted 
expansion on the research to produce Ag NPs impregnated 
microcrystalline cellulose as filler material. A curative result 
from M. koenigii extract was observed in the reduction of 
silver ions into nanoparticles. Many literatures reported 
on the rapid synthesis of gold and Ag NPs from M. koenigii 
leaves extract [11]. However, studies conducted on the syn-
thesis of colloidal nanostructures of Ag NPs from M. koe-
nigii are very few. Pumped laser irradiation in liquid media 
has become an increasingly important alternative approach 
to produce colloidal nanostructures with new functional 
properties [12]. The properties of Ag NPs including their 
magnetic properties and surface plasmon resonance (SPR) 
sensors can be useful for their applications in stimulation, 
information storage, electronic optics, sensors, and biofuel 
technology [13]. Despite the multiple advantages of laser in 
the production of nanostructures, it has the problem of low 
productivity [14]. Characterization for efficiency, simplicity, 
and high productivity demonstrates the mechanism of laser 
irradiation to modify the nanoparticles. It is necessary to 
obtain optimal conditions and control the process.

The idea in the current work is based on the modification 
of Ag NPs, where the nanoparticles have a resonant absorp-
tion of the SPR in a visible spectrum [15]. Nanoparticles were 
produced as the first step by the prevailing mechanism of 
biosynthesis as an adaptation of the so-called green syn-
thesis. These nanoparticles were subjected to a wavelength 
laser close to the SPR peak of Ag NPs to form nanoparticles 
with different sizes and shapes. The laser excites through 
two mechanisms to aggregate and to fragment the size of the 
particle [16,17]. In this work, diode laser irradiation (DLI) 
pumped green synthesized Ag NPs colloids at wavelength 
450 nm to release the spherical Ag NPs plant leaf and mod-
ify the shape and the size of the nanoparticle. More details 
are required to expand the M. koenigii reduction mechanism 
for different applications. Due to the lack of qualitative and 
quantitative data on the various Ag NPs using biological 
systems, this study aims to synthesis Ag NPs with aqueous 

extract of M. koenigii leaves at different concentrations of 
silver salts, to fabricate colloidal silver nanostructures via 
DLI, and to characterize Ag NPs and nanostructures using 
Fourier transform-infrared spectroscopy (FTIR), field emis-
sion scanning electron microscopy (FESEM), ultraviolet- 
visible (UV-Vis) spectroscopy, X-ray diffraction (XRD), and 
atomic force microscope (AFM).

2. Materials and methods

2.1. Preparation of silver nitrate solution

The silver nitrate (AgNO3) solution was prepared by 
dissolving 16.9, 50.9, and 84.9 mg of NaNO3 in 100 mL of 
distilled water to prepare 1, 3, and 5 mM, respectively.

2.2. Preparation of the plant extract

The plant extract was prepared by using 10 g of fresh 
plant leaves bought from the local supermarket in Johor, 
Malaysia. The leaves were washed thoroughly three 
times with distilled water to remove unwanted particles. 
The leaves were cut into small pieces and then placed in a 
300 mL beaker containing 100 mL distilled water, boiled at 
90°C for 15 min. The solution was cooled at room tempera-
ture and then filtered by filter paper Whatman No.1. Pure 
solution was stored at 4°C until further use [18].

2.3. Synthesis of silver nanoparticles

A fixed volume (100 mL) of AgNO3 solutions (at differ-
ent concentrations, 1, 3, and 5 mM) was transferred into sep-
arate flasks (250 mL). The plant extract (2 mL) was added 
into each flask. The mixture was left at room temperature 
overnight. The color of the mixture changed from colorless 
to yellow within the first minute of the reaction, indicating 
the beginning of the Ag NPs formation, after 2 h the color 
changed to brown, and the color changed into dark brown 
after overnight indicating the formation of silver particles. 
Ag NPs were separated from the mixture by centrifugation 
at 13,000 rpm for 30 min, suspended with deionized water, 
and then kept in a small tube for analysis.

2.4. Fabrication of silver nanostructures

The synthesized nanoparticles were irradiated by the 
DLI system at 450 nm wavelength with a maximum energy 
of 2,000 mW. The particles were released from the plant leaf 
and manipulated using laser diode irradiation to obtain col-
loid silver nanostructure with different optical, chemical, 
and physical properties. The characteristics of the colloidal 
solution were determined using UV-Visible spectroscopy 
and FESEM microscopy. Ag NPs have been irradiated via 
laser beams without using focus. Moreover, the Ag NPs 
were exposed to 1,100 mW laser irradiation energy for 1 min 
to release spherical Ag NPs from the plant leaf followed by 
exposure at different times for 10, 15, and 20 min to obtain 
nanostructures. The characterization via UV-Visible spec-
troscopy was made after every irradiation exposure and 
FESEM. The immersed clean glass plate was fixed on a scale 
of 2 × 2 cm with the Ag NPs solution and dried to be ana-
lyzed using XDR.



303S.S. Habtoor et al. / Desalination and Water Treatment 187 (2020) 301–310

2.5. Characterization of Ag NPs and nanostructures

Ag NPs was confirmed using UV-Vis spectrophotome-
ter after 48 h. Ag NPs have free electrons on their surface 
that are responsible for the absorption of SPR in the ultravi-
olet spectrum. The UV-vis spectrum showed a peak due to 
the interaction of free electrons on the surface of the metal 
nanoparticles with specific wavelengths. The silver ions 
were reduced; this process was confirmed by UV-Vis spec-
troscopy in the region between 400 and 450 nm. FTIR was 
used to determine the functional groups associated with the 
prepared metallic nanoparticles. The crystalline nature of 
the green synthesized Ag NPs was confirmed from the XRD 
patterns. Characterization of FESEM was also used to study 
the morphological surface and the size of metallic nano-
particles. AFM images were used to quantify the topogra-
phy of and the surface roughness of nanoparticles.

2.6. Antibacterial activity of Ag NPs

In order to investigate the applicability of the Ag NPs 
synthesized in the present study, the antimicrobial properties 
of Ag NPs against Escherichia coli and Staphylococcus aureus 
were studied. The test was conducted on Müller-Hinton agar 
using agar diffusion assay at three concentrations of Ag NPs 
(1, 5, and 10 µL) according to Noman et al. [19].

3. Results and discussions

3.1. UV-Vis absorption spectra of Ag NPs and nanostructure

The results for the UV-Vis spectrophotometer of the Ag 
NPs prepared in the current work are presented in Fig. 1a. 
The peaks are shown at 426, 435, and 441 nm for the three 
types of silver solutions investigated (1, 3, and 5 mM). The 
high peak appeared at 441 nm, indicating the high amount of 
nanoparticles. Similar results was also reported by [20], who 
prepared Ag NPs from Tephrosia purpurea leaf extract [21]. 

The appearance of the absorption peak indicates the conver-
sion of silver ions into nanoparticles [22]. The spherical Ag 
NPs peaks after laser irradiation at 1, 10, 15, and 20 min are 
respectively shown at 404, 381, 411, and 439 nm (Fig. 1b). 
These findings showed that SPR peak absorption center was 
converted toward a shorter wavelength. The changes in the 
UV-Vis spectrum indicate that the dimension of particle and 
size distribution were decreased through laser radiation. 
Obviously, the premier UV-Vis spectrum was changed by 
laser beams. The plasmon resonance bandwidth is greatly 
reduced indicating the reduction of Ag NPs particle size [23]. 
The change in the plasmon wavelength was accompanied by 
an increase in absorption. Since the frequency of plasmon 
for each particle is specified by its shape and dimension, 
the optical absorption of particle distributions are homoge-
neously displayed. Therefore, irradiation of nanoparticles in 
liquid with a laser beam of specified photon power produces 
SPR in particles with specific shape and size.

3.2. Fourier infrared spectra and XRD of Ag NPs

The FTIR spectra of Ag NPs prepared from the M. koenigii 
leaf extract are shown in Fig. 2. The results showed the 
existence of different functional groups including alkane, 
alkene, methylene groups, carboxylic acids, and amine 
groups. These functional groups have potential as a reduc-
ing agent in Ag NPs synthesis. These peaks indicate the pres-
ence of a carbonyl group that forms the amino acid residues 
which capped Ag nanoparticles to prevent aggregation, thus 
stabilizing the medium [24]. The peaks at 1,620–1,636 cm−1 
indicate the presence of carbonyl groups of polyphenols such 
as epicatechin gallate, epigallocatechin, catechin gallate, gal-
locatechin gallate, theaflavin, and epigallocatechin gallate. 
These findings indicate that the molecules are attached with 
Ag NPs. The amide groups might exist in the aromatic rings. 
This concludes that the polyphenol compounds attached to 
the Ag NPs could be bound with the amide region and an 
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Fig. 1. UV-Vis spectra of colloid Ag NPs. (a) AgNPs by M. Koenigii leaf extract with AgNO3 solutions and (b) Ag NPs after laser irra-
diation 1,100 mW at different times.
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aromatic ring [25]. The strong and broad peak at 3,326.13 cm−1 
confirms the OH stretching that indicates the presence of 
alcohols or carboxylic acids. The crystalline nature of Ag NPs 
was confirmed by XRD analysis (Fig. 3). The main peaks of 
XRD analysis were observed at 38.1°, 44.3°, 64.5°, 77.4°, and 
81.5°. These peaks are corresponding to (1 1 1), (2 0 0), (2 2 0), 
(3 1 1), and (2 2 2) planes of the face-centered cubic structure 
of Ag NPs (JCPDS) file: No. 04-0783. The undetermined peaks 
at 2θ = 27.9° and 32.2° indicated by (*) are attached to crystal-
line organic phases. The crystalline size and full width at half 

maximum (FWHM) parameters of the synthesized Ag NPs 
samples Ag-1, Ag-3, and Ag-5 with different concentrations 
(1, 3, and 5 mM) are shown to be accompanied by each sample 
(Table 1). This is also in agreement with several reports on 
XRD patterns of the green synthesized Ag NPs [26].

3.3. Surface morphology of Ag NPs

Surface morphology of the nanoparticles was obtained 
from FESEM analysis. Fig. 4 shows FESEM and EDS 

Fig. 2. FTIR spectroscopy of Ag nanoparticles synthesized by extract of M. koenigii leaf.

222 

Fig. 3. XRD pattern of silver nanoparticles synthesized using treating AgNO3 with M. Keonigii leaf extract.
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analysis of Ag NPs synthesized with different concentrations 
of AgNO3. The attachment of energy-dispersive X-ray spec-
troscopy (EDS) current with the FESEM was known to pro-
vide information on the chemical analyses of the areas being 
searched or the structure at spot EDS. The results revealed 
that more Ag NPs were synthesized with 5 mM of AgNO3 
solution. Moreover, the surface morphology of Ag NPs, and 
their shape and arrangements were released after exposure 
to the laser irradiation. The majority consisted of roughly 

Table 1
Represents of structural parameters for synthesized silver nano-
particles

Samples 2θ (°) FWHM Crystalline size (Å)

Ag-1 38.211 0.4330 2.35537
Ag-3 38.219 0.4723 2.35489
Ag-5 38.163 0.1378 2.35821

  
A1 111 A2 111  

B2 1 

C2 

B1A2 
1

C1 

Fig. 4. FESEM of Ag NPs synthesized from M. koenigii leaf extract. (a1) FESEM of Ag NPs synthesized with 1 mM of AgNO3, 
(b1) FESEM of Ag NPs synthesized with 3 mM of AgNO3, (c1) FESEM of Ag NPs synthesized with 5 mM of AgNO3, (a2) Elemental 
analysis by EDS of Ag NPs synthesized with 1 mM of AgNO3, (b2) EDS of Ag NPs synthesized with 3 mM of AgNO3, and (c2) EDS of 
Ag NPs synthesized with 5 mM of AgNO3.
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spherical particles of Ag NPs. These nanoparticles show a 
slight tendency to aggregate, melt, and fragmentize over time 
(Fig. 5).

The AFM analysis of Ag NPs synthesized from 1 mM 
of AgNO3 showed that the particles’ surface has tips and 
scattered nanoparticles, the 3D image displays that the 
nanoparticles have sharp tips of nails on the extracted 

surface (Figs. 6a1 and a2). The Ag NPs synthesized from 
3 mM of AgNO3 showed a scattered nanoparticle and tips 
on the surface (Fig. 6b1). In contrast, the nails of nanopar-
ticles with tips have sharp shapes on the extracted sur-
face (Fig. 6b2). The Ag NPs synthesized from 5 mM of 
AgNO3 covered surface are closely packed with groups of 
nanoparticles (Fig. 6c1), while the 3D image shows a sharp 

 (a) (b) 

(c) (d) 

(e) 

Fig. 5. Images of FESEM of unirradiated (a) and irradiated Ag NPs, (b) the released spherical silver NPs for 1 min, (c) the released 
spherical silver NPs for 10 min, (d) the released spherical silver NPs for 15 min, and (e) the released spherical silver NPs for 20 min.
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nanoparticles pointer on the surface (Fig. 6c2). The cracks 
and pits observed in the AFM image of the samples remain 
on the glass substrate due to the impact and high capacity 
ions that shot the substrate [27]. On the surface, agglomer-
ates and particle distribution may occur when nanoparticles 
tend to contact together rather than stuck with the sub-
strate [28]. AFM analysis of Ag NPs after laser irradiation 
is shown in 2D and 3D in Figs. 7a1–d2. The AFM images 
display that some Ag NPs might change their shape to 
different nanostructures, and some nanoparticles are still 
visual.

3.4. Antibacterial activity of Ag NPs

Ag NPs synthesized by M. koenigii revealed antibacte-
rial activity against E. coli and S. aureus. The inhibition zone 
was between 9 and 18 mm for E. coli and between 10 and 
15 mm for S. aureus (Table 2). These results confirmed that 
applicability of Ag NPs for disinfection of water and waste-
water. In comparison, revealed that Ag NPs from Aspergillus 
iizukae EAN605 exhibited antimicrobial activity against 
E. coli and S. aureus [29]. However, the antimicrobial activ-
ity recorded here exhibited more inhibition efficiency. These 
findings indicated that the Ag NPs from M. koenigii has the 
potential to be used for the disinfection of wastewater and 
inactivation of pathogenic bacteria.

4. Conclusions

The present study concluded that the UV-Visible spec-
troscopy clearly showed three peaks for Ag NPs based on 
the intimal concentration of AgNO3 used in the synthesis 
process. Moreover, the changes in the UV-Visible spec-
tra after laser irradiation were showed to correspond to 
aggregation, melting, and fragmentation of the particles 
in the solution. The formation of Ag NPs was confirmed 
through the FTIR study, which confirmed the emergence 
of different functional groups for different types of phyto-
chemicals. It can be concluded that Ag NPs formed because 
of the reduction and stability of agents in the M. koenigii 
leaf extract. The combination of both green synthesis and 
laser manipulation techniques in liquid create the differ-
ent shape of nanostructures. The prepared nanostructures 
by this combined method gave a height purity since there 
is no existence of chemicals in the synthesis of particle. 
The antimicrobial test confirms the ability of Ag NPs to 
inactivate the pathogenic bacteria and indicate the applica-
bility of Ag NPs for water and wastewater treatment.
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