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Abstract

Plants are emerging as a cost-effective and ecofriendly method for green synthesis of nanoparticles. The
plant extract Launaea procumbens was used as a reduction agent in the green synthesis of silver
nanoparticles. UV-Visible spectroscopy, HR-TEM, SAED, FE-SEM, EDAX, DLS, and FT-IR were used to study
the green synthesized silver nanoparticles. UV-Vis spectroscopy of a prepared silver solution revealed
maximum absorption at 435 nm. The synthesized silver nanoparticles were found to be spherical in
shape with a size in the range of 24.28 to 31.54 nm. DLS analysis was used to determine the size of the
green synthesized silver nanoparticles, which showed outstanding antibacterial action against Gram-
positive bacteria Bacillus subtilis and Staphylococcus aureus, as well as Gram-negative bacteria
Escherichia coliand Pseudomonas aeruginosa. Gram-positive Bacillus subtilis had a maximum zone of
inhibition of 20 mm, Staphylococcus aureus had a zone of inhibition of 19 mm, and Gram-negative
bacteria Escherichia coliand Pseudomonas aeruginosa had zones of inhibition of 13 mm.

1 Introduction

The latest advances in nanotechnology concentrate on methods of synthesis that are environmentally
sustainable and cost-effective. Green nanoparticle synthesis is an environmentally friendly, easy
approach and a healthy mode of nanomaterial synthesis, using natural tools. This eco-friendly approach
has heralded a new era of equilibrium nanotechnology [1].

Natural methods use plants, bacteria, fungi, algae, etc. for the synthesis of nanoparticles. The plant
extracts secret certain phytochemicals that act as a reducing and capping agent for silver nanoparticle
(AgNPs) synthesis [2]. The ability of leaves, bark, stems, shoots, seeds, roots, twigs, peels, berries,
seedlings, and tissue crops to synthesize nanoparticles has been confirmed [3]. The natural extract was
used in the green synthesis of metal and metal oxide nanoparticles. Importantly, the role of biological
components, such as flavonoids, steroids, proteins, Saponins, tannin, alkaloids, terpenoids, aldehydes,
and phenolic compounds, as reducing agents and solvents was studied. Green synthesis manufacturing
of nanoparticles minimises time and can obtain the desired size and shape to improve the stability of
nanoparticles. Due to the quick, cost-effective, and environmentally friendly way of synthesizing
nanoparticles through the biological system, the area of nanoparticle production is most assured at the
present time [4, 5].

Green synthesis has recently gained popularity over other chemical and physical methods because it
offers nanoparticles that are environmentally friendly, biocompatible, inexpensive, shape, and size-
controlled. Various methods of synthesis, like ultra-sonication [6], continuous synthesis by microreactor
[7], etc., including green approaches, are available in the literature. Due to their non-toxic, eco-friendly, and
economical and biocompatible nature, routes based on the use of plants, fungi, and bacteria are
essential. In addition, AgNPs prepared using the above methods also do not use toxic chemicals, which
makes them suitable for use in medical and pharmaceutical applications [2, 3].

Page 2/21



Several actual pieces of evidence indicate that silver ions play an important role in the antimicrobial
activities of AgNPs. The surface area of the nanomaterial is a main characteristic of the antimicrobial
toxicity of AgNPs. The largest concentration of liberated silver ions was reported in the case

of AgNPs with the greatest surface area. Silver nanoparticles having the smallest surface area emit the
fewest silver ions, resulting in poor antimicrobial activities [8, 9]. The antimicrobial activities of AGNPs are
mostly determined by the size, pH, and ionic strength of the medium, as well as the type of capping agent
used. However, the exact mechanism of AgNPs antibacterial or toxicological actions is still unknown and
unsolved. Perhaps AgNPs release silver ions regularly, which could be one of the mechanisms underlying
AgNP bactericidal activity [10]. The positively charged Ag* plays an important part in exhibiting the
antibacterial or toxicity activities of silver, and the silver basically must be in its ionised state to retain its
antibacterial or toxicity activities [11]. It has been discovered that Ag* ions form complexes with nucleic
acids and, unlike phosphate groups, they selectively bind with the nucleosides of nucleic acids. As a
result, all types of silver or silver-containing composites with antibacterial properties are eventually
generators of Ag+ ions [12, 13]. Electrostatic attraction between negatively charged microbial cells and
positively charged nanoparticles has been demonstrated in several studies, and these nanoparticulate
systems have been recommended as the most effective bactericidal agents. Because of electrostatic
attraction and affinity for sulfur proteins, Ag+ ions stick to the cytoplasm and cell wall, dramatically
increasing permeability and causing bacterial casings to rupture [14-17]. Reports are available on the
development of the green synthesis of nanoparticles using different plant extracts (Table 1).

The benefit of plant and leaf extracts involves the creation of stable nanoparticles, even though they are
stored for a longer period. In the present study, we have synthesized AgNPs using leaves of Launaea
procumbens, which is commonly known as Pathari. In general, Launaea procumbens was used as an
ayurvedic herbal medicine prepared from this plant to facilitate good health, self-healing, and longevity,
as well as being used as a food ingredient. The leaves of Launaea procumbens are used to treat fever,
cancer, and swelling; a paste of the leaves has also been used to treat rheumatism, boils, and swelling.
The plant has demonstrated insecticidal efficacy and is used for the treatment of rheumatism,
reproductive disorders, inflammation, oxidative renal dysfunction, hormonal imbalances, and liver
dysfunction [18, 19]. The antibacterial activity of Launaea procumbens leaf extract was confirmed by the
absence of a zone of inhibition in E. coli, P. aeruginose, P. mirabilis, Acetobacter spp., as well as K.
pneumoniae [20]. Thus, we clarified the synthesis of AgNPs using Launaea procumbens leaves without
the addition of any external surfactant and capping agent. We have therefore tried an easy, non-toxic, eco-
friendly, and economically viable green synthesis method of AgNPs, which has remained stable in liquid
form for one month.

Table 1 Different plant materials used for the green synthesis of nanoparticles its size range and shape.
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10

11

12

13

14

15

16

Plant materials
(Family)

Vitex negundo
(Lamiaceae)

Hibiscus rosa-sinensis
(Malvaceae)
Coriandrum sativum
(Apiaceae)

Punica granatum seeds
(Punicaceae)

Coccinia grandis
(Cucurbitaceae)

Ocimum tenuiflorum
(Lamiaceae)

Coleus aromaticus
(Lamiaceae)

Tamarindus indica
(Fabaceae)

Alstonia
scholaris (Apocynaceae)

Uraria picta (Fabaceae)

Borogo Officinalis
(Boraginaceae)

Cinnamomum
camphora (Lauraceae)

Coriandrum sativum
(Apiaceae)
Lantana camara Linn

(Verbenaceae)

Cinnamomum
zeylanicum (Lauraceae)

Garcinia mangostana
(Guttiferae)

Metal
nanoparticles

Ag

Ag

Ag

Ag

Ag

Ag

Ag

Ag

Ag

Ag

Ag

Ag & Au

Au

Au

Au

Au

Size

5-47 nm

13 nm

8-75 nm

10-35
nm

20-30
nm

25-40
nm

44 nm

6-8 nm

15-38
nm

12.54 10
25.58
nm

22 nm

55-80
nm

6.75-
57.91
nm

6-7 nm

25 nm

3296+
5.25 nm
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Shape

Spherical

Spherical

Spherical

Spherical

Spherical

Spherical

Spherical

Spherical

Spherical

Spherical and Oval

Spherical

Triangular, spherical

Spherical, triangle,
truncated triangles and
decahedral

Spherical

Prism, Spherical

Spherical, hexagonal
and triangular
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17  Citrus maxima peels Fe 10-100 Irregular [37]

(Rutaceae) nm

18  Eucalyptus robusta Fe 2.0 nm Spherical [38]
(Myrtaceae)

19  Erodium cicutarium Ag & Fe 21.4, Spherical [39]
(Geraniaceae) 32.2nm

20  Stigmaphyllon ovatum Ag,Au & Ag- 23.5,78, Triangular [40]
(Malpighiaceae) Au 14.9 nm

2 Materials And Methods

2.1 Chemicals and Plant collection

Extra pure silver nitrate (99.99%) was purchased from Loba Chemie Pvt Ltd, and de-ionized water was
used for the experiments. Fresh mature plants with Launaea procumbens (family-Asteraceae) leaves
were collected from the Kavayitri Bahinabai Chaudhari North Maharashtra University Campus, Jalgaon,
Maharashtra, India. The plant material was identified with the help of an expert taxonomist.

2.2 Preparation of leaves extract

The leaves from the plants were separated, washed under running tap water, further washed four times
with de-ionized water to remove dust particles, shade dried for eight to ten days in the air, and then the
dried leaves were crushed into a powder using the electronic blender and stored in a separate airtight
container at room temperature for further use.

10 gm of the fine powder of Launaea procumbens leaves was added to 100 ml of deionized water and

stirred at 80-90 °C for 60 min. The leaf extract was allowed to cool at room temperature before being
filtered through Whatman No.1 filter paper. Further, the filtered extract was cooled to room temperature,
and the formation of a yellow-greenish colour left the broth and it was stored for future use. This extract
was used as a reduction agent as well as a stabilizing agent.

2.3 Phytochemical screening

The extract solution was screened for phytochemicals such as alkaloids, flavonoids, steroids, proteins,
saponins, tannin, terpenoids, and phenolic compounds using standard procedures [55, 56]

2.4 Synthesis of silver nanoparticles

As a precursor for the synthesis of silver nanoparticles, silver nitrate (AgNO3) was used. 70 ml of TmM
silver nitrate aqueous solution with 30 ml of leave extract was taken in a conical flask and put on the
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magnetic stirrer for 30 min at 60-70 °C until the colour change was observed. The reduction of Ag* ions to
AgP® was supported by a shift in the colour of the solution from a yellow-greenish to a brownish color,
suggesting the formation of AgNPs.

2.5 Characterization of nanoparticles

200 to 800 nm at a resolution of 1.5 nm (Agilent Cary 60 Spectrophotometer The synthesized green silver
nanoparticles were characterized by UV-vis spectroscopy to observe the reduction of silver nanoparticles
by the action of the leave extract. The biologically reduced brownish colour solution mixture was scanned
by UV-absorption spectra in the wavelength range from). In this analysis, the leaves extracted without
adding silver nitrate (AgNO3) were used as a control.

The FTIR spectra were recorded on the extract, which was exposed before and after the addition of the
silver nitrate solution. The FTIR spectra were scanned using the Perkin Elmer Fourier transform infrared

spectrophotometer, at a resolution of 4 cm™" in the range of 450-4000 cm™".

Dynamic light scattering (DLS) of the silver nanoparticles was done on the Malvern Zetasizer Instrument
to obtain particle sizes and size distributions.

The morphology of the prepared products was observed by Field Emission Scanning Electron Microscopy
(FESEM) and Energy Dispersive X-ray Spectroscopy (EDXS) using the model S-4800 Type Il Hitachi High
Technology Corporation Limited, JAPAN, operated at 15.0 keV.

Silver nanoparticles (AgNPs) size, shape, and morphology were studied by High-resolution transmission
electron microscopy (HR-TEM). High-resolution transmission electron microscopy (Jeol/JEM 2100). This
instrument operates at a 200kV accelerating voltage. In addition, the elemental projection of a selected
area of on electron diffraction pattern (SAED) was done. The HR-TEM sample was prepared by putting a
drop of the colloid silver nanoparticles on a copper grid coated with carbon and then drying it at room
temperature before moving it to the microscope.

2.6 Screening of antibacterial activity

The present investigation, the antibacterial effect of prepared silver nanoparticles was studied on
different types of bacteria such as Bacillus subtilis, Pseudomonas aeruginosa (Gram-positive),

and Escherichia coli, Staphylococcus aureus (Gram-negative). Bacterial suspensions were prepared

and 100yl of suspension was placed on the agar plate with sterile nutrients. Using a cork-borer, two wells
were prepared on each plate of nutrients. The 100yl of given silver nanoparticles were inoculated in one
well and 100l of distilled water was inoculated in each well. All plates were kept at 4°C and then
incubated at 37°C for diffusion. The used distilled water served as control. After the incubation period, the
zones of inhibition were observed and tabulated.

3 Results And Discussion
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3.1 UV-Visible absorption spectroscopy

It is well known that silver nanoparticles exhibit a yellow-greenish color in aqueous solution because the
UV-visible spectrum excitation depends on the particle size [41, 42]. The synthesized silver nanoparticles
were confirmed by color formation from a yellow-greenish to a brownish color due to the reduction of
silver salt by the presence of reducing agents in the aqueous extract of Launaea procumbens. The UV-
visible absorption spectrum of the synthesized silver nanoparticles was obtained at 435 nm (Fig. 1). The
broadening of the peak refers to polydispersed silver nanoparticles in the solution. Silver nanoparticles
exhibit unique and tunable optical properties on account of their surface plasmon resonance depending
on the shape and size distribution of the nanoparticles.

3.2 Fourier Transform Infrared Spectroscopy

FTIR spectra were conducted to classify potential functional classes of the leave biomolecules of
Launaea procumbens extract which is responsible for the reduction of silver ions to silver nanoparticles.
The phytochemicals analysis of Launaea procumbens reveals the presence of alkaloids, flavonoids,
steroids, Saponins, and Phenolic compounds [20, 43-44]. The key functional groups that were present in
the leaves of Launaea procumbens and synthesized nanoparticles were identified by an analysis of
infrared content. The FTIR spectra of the aqueous extract revealed a broad and strong peak at 3314 cm™,
which could be attributed to the OH starching vibrations of secondary metabolites such as alkaloids,
flavonoids, steroids, Saponins, and other Phenolic compounds [20, 44]. This functional group has been
modified in to synthesized nanoparticles made of silver. Because of the O-H stretching vibrations and H-
bonded alcohol and phenol groups, the wide and strong absorption band was observed at 3381 cm’

1 (Fig. 2b). The strong absorption peak at 2972 cm™ got shifted to 2927 cm™ assigned to the C-H
stretching of aromatic compound. A weak band was observed at 1623 cm™which corresponds to the
1587 cm™ thatcould be assigned to carbonyl starching in the carboxyl group (N-H band) of linking
proteins present in the leaves [45, 46]. This study shows different stretches of bonds shown at different
peaks; 1377, 1225, and 1040 cm™ (Fig. 2a) can be assigned to the O-H bonds and C-O stretching
vibrations band observed. The absorption peaks at 1450 cm™ could be attributed to the presence of C-H
bending. The intense weak band at 1118 and 1033 cm™ (Fig. 2 b) can be assigned to the C-O and C-N
stretching vibrations of aliphatic amines [46, 47]. The FTIR study shows that the groups of the leaves of
Launaea procumbens extract hydroxyl, carboxyl, and amine are primarily involved in reducing Ag* to Ag®
nanoparticles.

3.3 Size Distribution Analysis of Silver Nanoparticles by DLS

Green synthesized silver nanoparticles were analyzed for particle size distribution and the results showed
that they were distributed in to different sizes in a polydispersible mode. The particle size in a colloidal
solution was measured using DLS. The size of the particles was found to be 223 and 73 nm with
diameters of 57.07 and 18.14 nm at the first and second peaks, and the peak strength was found to be
88.3% and 11.7%, respectively. The mean average silver nanoparticles were 378.4 nm in size. It was
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found that the Polydispersity index was 0.645 (Fig. 3). The ratio of particles of different sizes to the total
number of particles is measured by the Polydispersity index. The results obtained from the size
distribution from DLS analysis show the larger size of the particles, which is due to the aggregation of the
silver nanoparticles [48, 49].

3.4 Field Emission Scanning Electron Microscopy (FE-SEM) and Energy Dispersive X-ray Spectroscopy
(EDXS)

The synthesized silver nanoparticles were characterized by standard characterization methods such as
field emission scanning electron microscopy. To examine the morphology, structure, scale, shape, and
distribution of the nanoparticles produced, a field emission scanning electron microscope was used. The
FE-SEM is better and more resolute than the traditional SEM [50]. The synthesized nanoparticles appear
larger due to aggregation. Most of the nanoparticles were aggregated, polydispersed, and cluster shaped
(Fig.4). The energy dispersive spectrum of the synthesized nanoparticles indicates the presence of silver
as an ingredient element. Metallic silver nanoparticles generally show a typically strong signal of the
peak at 3 KeV, which is typical for absorption of metallic silver nanoparticles [51, 52]. Figure 5 shows the
quantitative information of synthesized silver nanoparticles. The presence of elements such as Ag, O, C,
Cl, Na, and Ca is shown in Fig. 5.

3.5 High Resolution Transmission Electron Microscopy (HR-TEM) with SAED Analysis

We have carried out a high-resolution transmission electron microscopic (HRTEM) study to obtain
information about the internal structure (size and morphology) of the green synthesized silver
nanoparticles as shown in Fig. 6. The HR-TEM images were recorded at different magnifications to find
the individual particles. The synthesized silver nanoparticles were observed as almost spherical in shape
and nearly monodispersed in nature and the average size of the particles was 24.28 to 31.54 nm. The
distance between the lattice fringe spacing of silver nanoparticles (AgNPs) was recorded as 0.23 nm (Fig.
6e) and the selected area diffraction pattern of the silver nanoparticles suggested that face-centered
cubic (fcc) crystalline silver was presented by the synthesized silver nanoparticles (Fig. 6f) [50, 53-54].

3.6 Phytochemical composition of Launaea procumbens

Phytochemical analysis findings revealed the presence of alkaloids, flavonoids, steroids, proteins,
saponins, tannin, phenolic compounds and the absence of terpenoids as shown in Table 2. Significant
bioactive components in phytochemicals serve as reducers for reactions. Silver ions and thus extracts
have been used as a reduction and stabilization agent in the green synthesis of silver nanoparticles [55,
56].

Table 2 Phytochemicals screening of Launaea procumbens leaves extract.
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Phytochemicals Results
Alkaloids +
Flavonoids ++
Steroids ++
Terpenoids -
Proteins ++
Saponins ++
Tannin ++
Phenolic Compounds  ++

++ = Presence, + = Trace, - =Absence
3.7 Antibacterial activity of silver nanoparticles

The agar well diffusion method was employed for the determination of the antibacterial activity of silver
nanoparticles. Four different suspension cultures of Bacillus subtilis, Staphylococcus aureus, Escherichia
coli,and pseudomonas aeruginosa were spread on nutrient agar medium by the spread plate technique.
The plates were incubated at 37 [l C for 24 hours. 0.1 ml of silver nanoparticles were inoculated in to one
well and 0.1 ml of distilled water was inoculated in to another well on each plate and water served as a
control [45, 55]. Antibacterial tests of synthesized silver nanoparticles and Launaea procumbens leaves
extract were investigated using a disc diffusion method carried out against four bacteria. The green
synthesized silver nanoparticles showed excellent antibacterial activity against Gram-positive bacteria
Bacillus subtilis, Staphylococcus aureus, and gram-negative bacteria Escherichia coli, Pseudomonas
aeruginosa. The Gram-positive bacterium Bacillus subtilis showed a maximum zone of inhibition of 20
mm. Staphylococcus aureus showed a zone of inhibition of 19 mm. The gram-negative bacteria
Escherichia coli and Pseudomonas aeruginosa bacteria showed a zone of inhibition of 13 mm. The mean
inhibitory zone of the four replicates of diameter was measured and tabulated in Table 3.

Borago officinalis leaf extract was discovered to be beneficial in the green synthesis of silver
nanoparticles. The synthesized AgNPs showed antimicrobial activity against E. coli bacteria with an
inhibition zone of 8 mm and no inhibition zone against other bacteria such as S. Typhi, B. subtilis, and S.
aureus, and only C. albicans inhibits the inhibition zone of 6 mm while A. flavus is not inhibited in the
absence of activity [31].

Because of the antibacterial activities of the plant extract, as well as the nanoparticles high aspect ratio
and penetration potential, an additional effect of related phytochemicals by deposition on silver
nanoparticles could produce greater antibacterial effects. On the other hand, one of the fundamental
mechanisms underlying silver nanoparticles antibacterial activity is the generation of reactive oxygen
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species (ROS) [57]. The most important aspects of antimicrobial activity discussed were silver ion
release, cell membrane damage, DNA interactions, free radical generation, bacterial resistance, and the
difference between resistance to silver ions and resistance to silver nanoparticles [58]. The antibacterial
activity of silver nanoparticles against S. aureus and E. coli cells was significant. The growth and
reproduction of bacterial cells treated with silver nanoparticles was rapidly inhibited. The growth of silver
nanoparticles treated cells was unchanged by pH or temperature changes. Silver nanoparticles were
found to actively form bactericidal reactive oxygen species (ROS) [58]. Krishnaraj et al. 2010 [59]
produced silver nanoparticles from Acalypha indica leaf extract, and 10 pg/ml was determined to be the
minimum inhibitory concentration (MIC) against E. coliand V. Cholera. This was explained by the
alteration in membrane permeability, which caused the antibacterial activity. Some reports indicated
improved antibacterial efficacy, which was most likely due to the reduced size of the AgNPs. For example,
using an average mean size of 16 nm and anti bactericidal property at 45 ug/mL on E. coli. Several
potential methods for how AgNPs work as antibacterial agents have been postulated, but the specific
mechanism is unknown [60]. The antibacterial activity of synthesized silver nanoparticles compared to
that of saffron extract and purchased silver nanoparticles against six pathogenic bacteria revealed that
the aqueous extract of saffron and purchased nanoparticles had no significant antibacterial effect, but
biosynthetic nanoparticles were able to inhibit the total bacteria studied [61]. Espanti et al. 2016 [62]
investigated the antimicrobial properties of synthesized silver nanoparticles by Terminal chebula Retz
(Myrobalan) against E. coli and Bacillus subtilis in a study performed, and the results showed that silver
nanoparticles have a much stronger antibacterial effect than the plant's aqueous extract. Silver
nanoparticles kill bacteria by destroying their membranes.

Table 3 Antibacterial activity of green synthesized silver nanoparticles using Launaea procumbens leaves
extract.

Organisms Zone of inhibition (mm)

Synthesis of AgNPs (100ul)  (Control) Deionized H,0

(100u0)
1. Bacillus subtilis 20 NZ
2.  Pseudomonas aeruginosa 19 NZ
3.  Staphylococcus aureus 13 NZ
4.  Escherichia coli 13 NZ

(NZ: no zone of inhibition)

4 Conclusion

In summary, silver nanoparticles were green synthesized by the Launaea procumbens leave extract
without the addition of any toxic reducers or stabilizers. HR-TEM studies revealed that the spherical
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shape of nanoparticles is in the range of 24.28 to 31.54 nm. Most of silver nanoparticles are aggregated,
polydispersed, and cluster-shaped, according to FE-SEM images. The energy dispersive spectrum of the
synthesized nanoparticles shows the presence of silver as an ingredient element. The silver nanoparticles
synthesized from the leaves of Launaea procumbens demonstrated excellent antibacterial activity
against Gram-positive bacteria; Bacillus subtilis demonstrated a maximum zone of inhibition of 20 mm,
Staphylococcus aureus demonstrated a zone of inhibition of 19 mm, and Gram-negative bacteria
Escherichia coliand Pseudomonas aeruginosa both demonstrated a zone of inhibition of 13 mm.
Furthermore, green synthesis of silver nanoparticles using plant materials is the most conventional and
ecofriendly approach as compared to chemical and physical synthesis. The current study shows a
simple, first-time synthesis of Launaea procumbens plant extract as well as an efficient approach to the
synthesis of silver nanoparticles.
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Figure 1

UV-visible absorption spectra of AgQNPs synthesized by Launaea procumbens leaves extract. The figure
inset shows the leaves extract and the synthesized AgNPs.
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Figure 2

FTIR spectra of (a) Leaves extract of Launaea procumbens (b) Synthesized silver nanoparticles
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Results

Size (d.nm): % Intensity Width (d.nm):
Z-Average (d.nm): 378.4 Peak 1: 223.0 88.3 57.07
Pdl: 0.645 Peak 2: 73.04 11.7 18.14
Intercept: 0.982 Peak 3: 0.000 0.0 0.000

Result quality : Refer to quality report

Size Distribution by Intensity

20

-
[

Intensity (%)
]

] t i i + i i
1 10 100 1000 10000
Size (d.nm)

—  Record 47: Sample A 1]

Statistics Graph (1 measurements)

1 10 100 1000 10000
Size (d.nm)

I Mean with /-1 Standard Deviation error bar)

Figure 3

Particle size distribution of Silver Nanoparticles synthesized by Launaea procumbens extract.
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Figure 4

FE-SEM images of synthesized silver nanoparticles by Launaea procumbens leaves extract.
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EDAX spectrum of synthesised AgNPs using Launaea procumbens leaves extract.
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Figure 6

HR-TEM micrograph of silver nanoparticles (AgNPs) taken at different magnifications ranging from (a)
50 nm, (b) 20 nm, (c) 10 nm and (d) 5 nm, (¢) HR-TEM images of silver nanoparticles showing the lattice
spacing of 0.23 nm and (f) SAED pattern show of silver nanoparticles.
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Figure 7

Antibacterial activity of silver nanoparticles against various bacterial strains Gram-positive bacteria (a)
Bacillus subtilis (b) Staphylococcus aureus and Gram-negative bacteria (c) Escherichia coli and (d)
Pseudomonas aeruginosa.
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