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ABSTRACT

Several techniques can be used to create silver nanoparticles (AgNPs) with antibacterial activity and
spectrum behaviour. The green synthesis approach can be applied in this study. Silver nanoparticles
can be made from betel leaf extract. Among other things, this extract can help with wound healing,
digestive support, and oral health. Moreover, this study also makes use of cinnamic acid. When
creating silver nanoparticles, cinnamic acid has been employed as a protective ligand and reducing
agent. This research,included UV-visible, FT-IR, XRD, SEM, and EDAX spectra, was used to
characterize the synthesized AgNPs. Two gram-positive and two gram-negative bacteria were used
to evaluate the antibacterial activity. Because of the antimicrobial and dermatological qualities of
organic molecules derived from plants, AQNPs made through green synthesis using medicinal plants
are used to promote wound healing.
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INTRODUCTION apparel, and cosmetics, silver nanoparticles have

drawn a lot of attention recently''4. One of the most

Due to their prospective uses as valuable and noble metals is silver. Ag nanoparticles’
antibacterial and biocidal agents in wound care, broad antibacterial spectrum and high biocidal
orthopaedic implants, food preservation, protective  effectiveness make them a powerful antimicrobial

This is an Open Access article licensed under a Creative Commons license: Attribution 4.0 International (CC- BY).
Published by Oriental Scientific Publishing Company © 2018




JANE et al., Orient. J. Chem., Vol. 42(3), 837-842 (2026)

agent. Moreover, the problem of bacterial resistance,
which is addressed by widely used antibiotics in
the fight against bacterial infections for biomedical
applications, may be solved using Ag nanoparticles.
Ag nanoparticles’ efficacy against a wide range of
harmful bacteria and fungi is linked to environmental
toxicity. With the formula C,H.CH=CHCOOH,
cinnamic acid is an aromatic carboxylic acid that
is found naturally in plants. Cinnamic acid, which is
generated from ester derivatives, has a wide range
of biological activities, including antibacterial and
anticancer properties, low in toxicity'>2'. Since it is
the most effective lipoxygenase inhibitor, it is also
employed in medication development.

As silver discovers new applications,
especially in the medical, plastic, and textile sectors,
as well as in surgical and dental instruments, coated
water filters, sanitisers, detergents, soap, and wound
dressings, the silver market is anticipated to grow?>2°.
As they spread throughout the global economy, these
items and technologies are altering the pattern of
silver emission because they are used in healthcare
to treat mental iliness, convulsions, drug addiction,
and sexually transmitted diseases like gonorrhoea
and syphilis®®3°. Usually ranging in size from 1
to 100 nm, AgNPs are silver nanoparticles with
unique electrical, optical, and magnetic properties
that have a wide range of uses*. Biotechnology is
a novel approach to biological AgQNPs production.
Furthermore, due to their larger surface area,
magnetic nanoparticles have a lot of antibacterial
potential and can be utilised to treat increased
microbial resistance to a range of medications and
antibiotics*'—°.

Since the green synthesis process is
extremely environmentally friendly, we are using
it in this study to create silver nanoparticles. This
concept is highly helpful for reducing the material in
both ecological and economic processes. ldentify
the absorbance wavelength and functional grouping
that are present in the nanoparticles using the UV-
visible and FTIR spectroscopy experiments. The
presence of AgNPs has been confirmed by SEM,
XRD, and EDAX tests. Additionally, determine the
synthesized nanoparticle’s antibacterial activity in
this study. Cinnamic acid has been investigated for
the synthesis of AgNPs to increase the antibacterial
activity of Ag nanomaterials while minimizing their
toxicity.
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MATERIALS AND METHODS

Silver nitrate and cinnamic acid were
acquired from Sigma Chemical Company in
Kanyakumari, Tamil Nadu. The suppliers of all the
other chemicals were Labchem Products in Chennai,
Tamil Nadu.

Preparation of AgQNPs

A 50 mL flask with a round bottom was
filled with 0.0282g of pure cinnamic acid. For 15
minutes, 50 mL of pure distilled water and cinnamic
acid are combined in a water bath set at 50°C. The
solution will be fully dissolved after fifteen minutes. A
50 mL volumetric flask was filled with the dissolved
solution. 0.1g of AgNO, solution should be added,
along with betel leaf extract. Concentrated ammonia
is added to this solution to bring its pH down to 9.0.
This solution was poured into an autoclave lined
with Teflon, which was then placed in an oven set
to 140°C for four hours. The yield from the reaction
will be used for additional research3%-5".

Characterization studies
In the characterization study,UV, FTIR,XRD,
SEM and EDAX technique were used.

RESULTS AND DISCUSSIONS

UV-visible Spectroscopy

A very practical and trustworthy method
for the initial characterisation of synthesised
nanoparticles, this spectroscopy is also utilized to
track the stability and synthesis of AgNPs. Using
a Shimadzu-UV 1800 UV-visible spectrometer,
the absorbance spectra of the colloidal sample
was obtained in the 200-800 nm region. UV-
vis spectroscopy is also used for the colloidal
suspensions of synthesized nanoparticless®-53,
AgNPs absorption is influenced by the chemical
environment, dielectric medium, and particle size.
According to the UV absorption data, the 0.01M
solution of cinnamic acid utilising AgNPs showed a
high absorption band peak at 300—-350 nm.

FT-IR Spectroscopy

The generation of very pure AgNPs was
confirmed by FTIR analysis of green synthesised
AgNPs, which showed a powerfulband at 1386
cm’'and peaks at 563 cm'that can be attributed
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to Ag vibrations. The existence of -OH, C—C, and
C=0 stretching of hydroxyl groupslikealkenes, and
alkanes are indicated by the bands at approximately
3296, 1698, and 2377 cm™', respectively. The
stretching of the carboxyl groups is responsible
for the significant absorption at 1698cm™, and the
stretching of the aromatic ring’s C=C group was
proved by the absorption bands at 1698cm-, 1574
cm™, and 1558cm™. As the absorption strength
increases, the adsorption band in the CA-AgNPs
FTIR spectra that corresponds to the hydroxyl

stretching shifts to 3296cm'. Furthermore, the
carboxyl groups’ corresponding adsorption band
shifts to 1698cm-'. These findings demonstrated that
the cinnamic acid carboxyl groups were present on
the AgNPs’ surface and that they interacted strongly
with the Ag atoms there®+"".

XRD Spectroscopy

Powder XRD is used to characterise the
nanoparticles created using this process to verify
that they are silver and to determine their structural

Table 1: Antimicrobial activity results for synthesized AgNPs

Sample E coli P aeruginosa S aureus B cereus
CA-AgNPs 13 18 13 16
Antibiotics 30 23 34 30

Fig. 1. UV-visible absorption
Spectrum of Synthesized AgNPs

Fimtn [Couplect T Trnta/ Trnta] WLa1 S4060

Fig. 3. XRD Spectrum of AgNPs

Fig. 2. FTIR Spectrum of synthesized
Silver Nanoparticles

Fig. 4. SEM image of synthesized AgNPs
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Fig. 5. EDAX image of synthesized AgNPs
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details. The synthesised nanoparticle’s XRD
spectrum is displayed in Figure 3. The (110), (-111),
(200), (-202), (020), (202), (-113), and (022) planes
were identified as the respective intensity peaks
at 2 of 32.82, 35.72, 38.50, 48.27, 53.95, 58.41,
61.95, and 66.07, according to XRD analysis’>"". No
further phases were detected, and all of the intensity
peaks potentially classified as typical monoclinic in
structure. JCPDS card no. 801268 verified that the
peak positions showed the monoclinic structure of
AgNPs.

Fig. 6. Antimicrobial activity results for synthesized AgNPs

Scanning Electron Microscope

SEM was used to examine the shape
and surface structure of the produced AgNPs; the
resulting micrograph is displayed in Fig. 4. ImageJ
software was used to determine the average particle
size, which came out to be 59.99 nm78-8°,

Energy Dispersive X-Ray (EDAX/EDX) Technique
Three peaks that are closely associated
with Ag in the tested material are shown in the EDAX/
EDX studies of Figure 5. According to the data, the
reaction product is made up of very pure CA-AgNPs,
which is consistent with the XRD result (Figure
4). Ag (76.63%) and CI (23.37%) were the weight
compositions determined by EDAX/EDX analysis of
the normalised spectra. Nonstoichiometric CA-AgNP
synthesis was also detected by EDAX/EDX8'-84,

Antimicrobial Activity

By the report of (NCCLS), the agar used
disc diffusion method was used to examine the
samples’ antibacterial activity. The following table
displays the results. The antibacterial efficacy of
biologically produced CA-AgNPs against Escherichia
coliis demonstrated in Figure 4. However, the study

revealed that compared to Staphylococcus aureus
and Bacillus cereus (Gram-positive bacteria),
Escherichia coli and Pseudomonas aeruginosa
(Gram-negative bacteria) were less sensitive to
antibiotics and antibacterial agents. The effects
are more noticeable when gram-positive bacteria
(Bacillus cereus) have an inhibition diameter of 16
mm and gram-negative bacteria (Pseudomonas
aeruginosa) have an inhibition diameter of 18 mm®s,

Two different types of bacteria were
effectively inhibited the CA-AgNPs. However,
compared to Gram-positive Staphylococcus aureus,
it had greater antibacterial action againstE coli and
P aeruginosa. Gram-positive bacterial strains were
less sensitive to the biosynthesized CA AgNPs than
Gram-negative strains, according to the study’s
findings [86]. Therefore, adding antibacterial Ag NPs
to the aforementioned nanoparticle can help with
several biomedical uses as well as environmental
remediation, particularly in wastewater treatment.
Table 1 and Figure 6 both referenced the antibacterial
activity results.
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CONCLUSION

UV, FTIR, XRD, SEM, EDAX, and
antibacterial activity were used to characterise the
synthesised AgNPs. The findings showed that the
discussion section provides a detailed explanation
of the generated AgNPs capped by cinnamic acid.
AgNPs inhibited Pseudomonas aeruginosa and
Staphylococcus aureus, according to antimicrobial
testing. It is anticipated that the AgNPs produced in
this investigation will become effective antibacterial
agents. The process is simple to follow in any
laboratory setting, the use of harmful reagents is
eliminated, and the study is pollution-free, readily
available, affordable, and environmentally beneficial.
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