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Abstract: This article reports on the bio-synthesis and inclusive characterization of gold nanoparticles
(Au NPs) using an aqueous extract of Plumeria pudica leaves. An increase in the Au content in the
nanofluids causes a bathochromic shift in the t—n* band at 324 nm of the phytochemical. This redshift
occurs because the dielectric constant of the nanofluid medium changes as the number of stabilizing
molecules per gold nanoparticle decreases. Gold NPs induced a minor shift in some of the vibrational
bands and a slight improvement in band intensity, suggesting the existence of a weak interaction
between the nanoparticles and plant molecules. The redshift accompanied by quenching in the
photoluminescence intensity of the 7*—x light emission band at 414 nm further corroborates a donor-
acceptor interaction between the nanoparticles and plant molecules. A linear Stern-Volmer plot with a
Stern-Volmer constant of 7.72 x 10°M suggests a dynamic quenching mechanism. The position of
Bragg's diffraction plane and the application of the extinction rule to the X-ray diffraction pattern
predicts a face-centered cubic lattice for the synthesized Au NPs. Gold NPs are nearly spherical, and
their cluster size increases with Au content, as observed in scanning and transmission electron
micrographs. Dynamic light scattering experiments indicate an average hydrodynamic diameter
between 140-170 nm and a negative surface charge on the gold nanoparticles. The synthesized gold
nanofluids in an aqueous solvent show a little antibacterial effect against three microorganisms: Bacillus
subtilis, Pseudomonas aeruginosa, and Escherichia coli with respect to a standard macrolide antibiotic.

Keywords: Plumeria pudica; nanofluids; redshift; light quenching; stern-volmer plot; hydrodynamic
diameter; zeta-potential; microorganisms.
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1. Introduction

The bio-reduction method, a bottom-up approach, is widely used today to synthesize
nanomaterials (NMs) due to its cost-effectiveness, simplicity, medicinal efficacy, reduced
toxicity, and environmental friendliness. Various metallic nanoparticles (NPs) such as gold
(Au), silver (Ag), nickel (Ni), copper (Cu), iron (Fe), and manganese (Mn) have been
synthesized using phytochemicals for a range of applications, including bio-medicals, sensing,
solar cells, heat transfer, and photocatalysis [1-3]. Biosynthesized Au-NPs have been proven
to act as anticancer, antimicrobial, antidiabetic, antiplatelet, antiviral, antioxidant, and anti-
inflammatory agents [2-5]. In the plant-mediated biosynthesis of NMs, plant parts such as
leaves, bark, stems, flowers, and roots are used as raw materials. These parts are first washed

https://nanobioletters.com/ 1of 15


https://nanobioletters.com/
https://nanobioletters.com/
https://doi.org/10.33263/LIANBS142.051
mailto:manoranjan@silicon.ac.in
https://creativecommons.org/licenses/by/4.0/
https://orcid.org/0009-0008-0031-2430
https://orcid.org/0000-0001-8113-0584
https://orcid.org/0000-0001-8491-1917

https://doi.org/10.33263/LIANBS142.051

in water, then cut into small pieces and boiled in double-distilled water to obtain the aqueous
extract for the synthesis of NMs. The plant-mediated method outweighs the microorganism
route because it does not require the extensive care needed to maintain a microbial culture [6-
8]. In biosynthesis, factors such as the concentration of plant extract and precursor salt, the
nature of the stabilizing agent, pH, temperature, stirring rate, and stirring time play a crucial
role in developing NMs of specific shapes and sizes [9]. Phytochemicals such as polyphenols,
flavonoids, quinic acids, terpenes, thiophenes, saponin, sterols, and quercetin not only act as
reducing agents to convert metal ions to their atomic state but also help prevent the formation
of large particle clusters [5-7].

Fruit extracts from Aegle marmelos, Eugenia jambolana, and soursop were employed
in the green synthesis of Au-NPs, which were effective against the MCF-7 breast cancer cell
line [1]. The report suggests that the in-vitro anticancer activity of soursop-stabilized AuNPs
at a concentration of 98 * 4 g per mL outperformed those stabilized with Aegle marmelos and
Eugenia jambolana. Leaf extract of the Mentha longifolia plant was used to synthesize Au-
NPs to evaluate their anti-breast cancer efficacy. These Au-NPs demonstrated effective anti-
breast cancer effects against breast adenocarcinoma, breast carcinoma, breast infiltrating ductal
cell carcinoma, and breast infiltrating lobular carcinoma cell lines without exhibiting
cytotoxicity against normal cell lines [2]. Muniyappa et al. [3] reported that Curcuma
pseudomontana isolated curcumin-stabilized Au-NPs exhibit excellent antibacterial activity
against Pseudomonas aeruginosa, Staphylococcus aureus, Bacillus subtilis, and Escherichia
coli. Additionally, these Au-NPs demonstrate significant antioxidant and radical scavenging
activities. The phenolic (-OH) exhibited at 3410 cm™ and carbonyl (-CO) groups at 1635 cm"
Lare responsible for the formation and stabilization of curcumin-coated Au-NPs. Grape extract-
mediated synthesis of gold nanoparticles exhibited significant antibacterial activity against E.
coli and B. subtilis and antifungal effects against the yeast Candida albicans [4]. Various
chemicals in the grape extract, such as gallic acid, catechin, caffeic acid, and cyanidin-3-O-
glucoside, reduce Au3+ ions to Au(0) and stabilize the nanoclusters. The lone pairs of electrons
on the oxygen atoms of these chemicals provide electrons to Au®* ions for the bio-reduction
process.

Au-NPs synthesized using aqueous Chrysothemispulchella leaf extracts exhibited
anticancer and antimicrobial activities. Ogwuche et al. [5] reported that the strength and
usefulness of these Au-NPs against pathogens such as Methicillin-resistant Staphylococcus
aureus, Escherichia coli, and Candida albicans increase with higher nanoparticle
concentrations. Matteis et al. [6] synthesized AuNPs capped with polyphenols present in the
extract of the leaves of the Laurus nobilis, where the hydroxyl (-OH) groups facilitated the
development of a negatively charged surface. This was confirmed through zeta potential
measurements with a value of -34 mV. The involvement of hydroxyl (-OH) groups in forming
Au-NPs as both reducing and capping agents was studied using FTIR spectroscopy [7]. A shift
to lower wavenumbers in various vibrational bands, such as C-H, C-N, and C=0 stretching
bands of plant phytochemicals, suggested an interaction between the NPs and the molecules of
the plant extract.

The antibacterial effects of Au-NPs synthesized using grape extract were studied on
Gram-positive and Gram-negative microorganisms [8]. The findings suggested that the
antibacterial action may primarily result from the cellular processes and physical interactions
between the nanoparticles and the bacteria. The distribution of Au-NPs was studied using
dynamic light scattering (DLS). A zeta potential value of -14.8 mV indicates the formation of
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a negatively charged surface on the nanoparticles, which is responsible for the excellent
colloidal stability exhibited by the nanofluids [10]. Ogwuche et al. [11] investigated the
antibacterial and anticancer properties of gold nanoparticles synthesized using
Chrysothemispulchella leaf extract. They dissolved the Au NPs in a non-agueous solvent and
reported a minimum inhibitory concentration of 50 ug/mL against most clinical pathogenic
microbes. From their dynamic light scattering study, Bidan et al. [12] reported a hydrodynamic
diameter of 140 nm and a polydispersity index 0.496 for Au NPs synthesized using Jasminum
Sambac leaf extract. They suggested that phytochemicals in the plant extract interact with Au
NPs via oxygen atoms and that the surface of the Au NPs has a zeta potential of -9.37 mV.

In this article, we report the synthesis of Au-NPs using Plumeria pudica leaf extracts
in an aqueous medium and its mild antibacterial activity against specific microorganisms. To
our knowledge, this is the first report on the aqueous-mediated synthesis of Au-NPs using
Plumeria pudica leaf extract.

2. Materials and Methods

2.1. Chemicals.

Ultrapure gold chloride hydrate (Tetrachloroauric acid, HAuCl4.xH->O) with a purity of
99.99% and approximately 49% gold content was purchased from SRL Pvt. Ltd., India. It was
utilized to create a highly diluted gold solution in deionized water without additional
purification.

Preparation of plant extract.

Leaves of the Plumeria Pudica plant were collected from our university campus and
thoroughly washed with double-distilled water. After drying at room temperature, the leaves
were chopped into pieces. Twenty grams of the chopped leaves were placed in a beaker with
200 mL of deionized water and heated on a magnetic stirrer hot plate at 105°C for 2 hours. The
resulting aqueous extract was then filtered to obtain a clear yellowish-green solution, which
was preserved in a refrigerator to synthesize Au-NPs.

2.3. Biosynthesis of Au-NPs.

Gold nanoparticles were synthesized using a bio-reduction method by adding 0.5 mL,
1.0mL, 1.5mL, 2.0 mL, and 2.5 mL of 1 mM HAuCI4 solution to five separate 50 mL beakers,
each containing 5 mL of aqueous plant extract. Figure 1 shows photographs of five nanofluids
prepared for characterization. The mixture was then heated on a magnetic stirrer at 50°C and
stirred for 20 minutes. The color change from yellowish to bluish-black indicated the formation
of Au-NPs in the extract solution. Following this procedure, five nanofluids with different
concentrations of Au-NPs were prepared and preserved in a refrigerator for characterization.

Figure 1.Au Nanofluids with (a) 0;(b) 4.32; (c) 7.2; (d) 10/08; () 14.4; (f) 18.72 mM Au NPs.
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2.4. Characterization techniques.

Phytochemical-capped Au-NPs were characterized using various instrumental
techniques, including UV-visible spectroscopy, transmission electron microscopy (TEM), X-
ray diffraction (XRD), Fourier transform infrared (FT-IR) spectroscopy, photoluminescence
(PL) spectroscopy, field-emission scanning electron microscopy (FE-SEM), and zeta-sizer
analysis. UV-vis spectroscopy (200-1000 nm) was employed to detect the surface plasmon
resonance (SPR) band of Au-NPs in the nanofluids. FT-IR analysis, conducted in the
wavenumber range of 4000-400 cm™!, studied the interaction between the nanoparticles and
phytochemicals present in the plant extract. A Perkin—Elmer (Model LS 55) luminescence
spectrometer was used to obtain the emission spectra of the plant extract and the synthesized
Au nanofluids. TEM images were obtained using a Hitachi HT-7700 microscope to examine
the shape, size, and distribution of the crystalline Au-NPs. The lattice type and crystallite size
were determined from the XRD pattern obtained with a Panalytical X Pert3 diffractometer.
The hydrodynamic diameter and zeta potential were measured using a Malvern Zeta-sizer. The
antibacterial activity was assessed using the agar well diffusion method, and the zone of
inhibition was measured to evaluate the antibacterial efficacy of the prepared Au nanofluids.

3. Results and Discussion

3.1. UV-visible absorption spectra of Au-nanofluids.

The synthesized Au nanofluids in an agueous medium were characterized using a UV-
visible spectrophotometer in the 200-800 nm wavelength range. Figure 2A shows the
absorption spectra of phytochemical-stabilized Au nanofluids containing (b) 4.32 mM, (c) 7.2
mM, (d) 10.08 mM, (e) 14.4 mM, and (f) 18.72 mM Au-NPs. The position of the Surface
Plasmon Resonance (SPR) band in an absorption spectrum for a nanofluid depends on factors
such as shape, size, dielectric constant of the medium, nature of the stabilizing agent, and
aggregation [1-3].
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Figure 2.(A) Absorption spectra of Au Nanofluids with (a) 0, (b) 4.32; (c) 7.2; (d) 10.08; (e) 14.4; and (f) 18.72
mM Au NPs (insert shows the SPR band of Au NPs);(B) Variation of absorbance with Au content (insert shows
variation of wavelength maximum against Au content).

A characteristic broad band centered at 553 nm (see the insert) is attributed to the SPR
band of spherically shaped Au-NPs [1-3]. Figure 2A (a) shows the absorption spectrum for the
plant extract, which exhibits a band at 324 nm. Muniyappan et al. [3] reported a broad band at
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437 nm for Curcuma pseudomontana plant extract and an SPR band at 542 nm for the Au NPs.
This band is attributed to the m—n* electronic transition from the unsaturated part of the
phytochemicals present in the plant extract [2]. Figure 2B shows that the absorbance of the
n—1* electronic transition decreases from 3.2 for the plant extract to 1.5 for sample (b), which
contains 4.72 mM of Au NPs. Reduction in the absorbance value is due to the donor-acceptor
type interaction between solute particles and solvent molecules.

Additionally, as the Au content increases, the absorbance rises from 1.5 for sample (b)
to 2.4 for sample (f), which contains 18.72 mM of Au NPs. This variation in absorbance with
the concentration of Au NPs is consistent with the Beer-Lambert law of light absorption. The
absorption spectrum demonstrates a bathochromic shift in the n—n* (from b to e) with
increased Au content in the nanofluids. A similar variation was observed (see insert in Figure
2B) between the wavelength maximum (Amax) and the concentration of Au NPs.The shift of the
band towards longer wavelengths with an enhancement in the absorbance value suggests an
increase in the size of the nanoparticles [1]. This occurs because, as the Au content increases,
the number of stabilizing molecules per gold nanoparticle decreases, leading to a change in the
dielectric constant of the nanofluid medium[13].

3.2. FTIR spectra.

Vibrational spectra were analyzed to study possible interactions between NPs and
molecules present in the plant extract and to gain an idea of the interaction site of the molecule.
The plant extract from the Plumeria family contains phytochemicals with functional groups
such as —OH, -C=0, and —-COOH [14]. Figure 3 shows the vibrational spectra of
phytochemical-stabilized Au Nanofluids with (a) 0, (b) 4.32,(c) 7.2,(d) 10.08; (e) 14.4, and (f)
18.72 mM Au NPs. In Figure 3, plot (a) shows the vibrational spectrum for the plant extract
without any Au-NPs. The vibrational spectrum of the plant extract, both with and without Au
NPs in an aqueous medium, appears similar at first glance. However, slight shifts in the band
positions and changes in the intensity of some specific bands can be observed upon closer
inspection. The spectra show peaks at 647 cm™, 1456 cm™, 1636 cm™, and 3331 cm™,
corresponding to CH> in-plane rocking, CH> in-plane scissoring, C=0 stretching, and OH
stretching vibrations, respectively [3].
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Figure 3. FTIR spectra of Au Nanofluids with (a) 0, (b) 4.32; (c) 7.2; (d) 10.08; (e) 14.4; and (f) 18.72 mM Au
NPs.

Figure 4 shows a minor shift in band position and slight enhancement in band intensity
upon the inclusion of Au-NPs in the plant extract, suggesting a weak interaction (Au-O bond)
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between the nanoparticles and plant molecules [12] Tripathy et al. [15] reported similar findings
to those presented in this article. Our results also indicate that the plant molecules interact with
the nanoparticles via carbonyl and alcohol functional groups, as evidenced by an increase in
band intensity and a shift of the band positions towards lower wavenumbers (see Figure 4).

The red shift of the vibrational band, as shown in Figure 4 is due to a decrease in the
number of plant molecules relative to the Au nanoparticles (NPs) as the concentration of Au
NPs in the nanofluids increases.
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Figure 4. Vibrational band: (A)carbonyl band;(B)hydroxyl band of plant molecules.

The non-bonding electrons in these groups participate in the bio-reduction process to
convert Au*-ions to zero-valent Au-atom. Rosyidah et al. [7] reported that some functional
groups of the phytochemicals in the plant extract act as both reducing and capping agents.In
their report on the optical study of Mimusopselengi raw fruit extract-mediated synthesis of gold
nanoparticles (Au NPs), Tripathy et al. [15] also suggested that the oxygen atoms in quercetin
molecules are responsible for both the reduction and stabilization of the nanoparticles.

3.3. PL spectra.

Figure 5 shows the emission spectra of the plant extract in an aqueous medium and Au
nanofluids with varying amounts of Au nanoparticles. The emission spectrum of the plant
extract without Au-NPs exhibits a broad peak (Amax) at 414 nm, attributed to the n* — =
electronic transition. ®Behera and Ram [16] reported a broad peak at 392 nm for the carbonyl
group in the poly(vinyl pyrrolidone) polymer. When 50 mM of Au nanoparticles are added to
the plant extract, the Amax Shifts to 423 nm, indicating a 10 nm redshift (see insert of Figure 5).
This band shift suggests an interaction between the active regions of the plant molecules and
the Au NPs.

Furthermore, the plot shows that with 200 mM of Au NPs in the plant extract, the Amax
increases to 441 nm. The light emission intensity of the plant molecules has decreased by 70%
with the presence of 200 mM of Au nanoparticles. This significant reduction in PL intensity
suggests a donor-acceptor interaction between the plant molecules and Au nanoparticles, where
the plant molecules act as electron donors. A similar result has already been suggested for
polymer-capped Au NPs in an aqueous medium [16].
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Figure 5. Emission spectra of Au Nanofluids with (a) 0, (b) 4.32; (c) 7.2; (d) 10.08; () 14.4; and (f) 18.72 mM
Au NPs (insert shows the variation of emission band position with Au content)

We investigated the quenching of emission light intensity by plotting PL intensity
against Au content (Figure 6) and discovered a non-linear variation with Au content. This
finding further indicates a donor-acceptor-type interaction between molecules.
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Figure 6. Variation of PL intensity with Au content (insert shows the Stern-Volmer plot).

To determine the quenching mechanism in our samples, we analyzed the Stern-Volmer
plot using the standard equation: Fo/F=1+ Ksv [Q], where Foand F are the PL intensities of the
plant extract without and with Au-NPs, respectively. Here, [Q] represents the concentration of
the quenching agent, and Ksy is the Stern-VVolmer constant. Insert of Figure 6 displays the
Stern-Volmer plot, which yields a Ksy value of 7.72x10° M1, According to the report in the
article [17], the linearity of the Stern-VVolmer plot indicates a dynamic quenching mechanism.

3.4. XRD pattern analysis.

X-ray diffraction is a non-destructive technique that provides researchers and scientists
with valuable information on crystal phase, lattice type, lattice constants, crystallite size,
material strain, and more. Figure 7 shows the XRD patterns of (a) the plant extract and (b) Au
nanofluids containing 18.72 mM Au NPs synthesized with the plant extract. The sharp peaks
observed for Au NPs at Bragg diffraction angles 20 = 38.120°, 44.490°, and 64.50° were
matched to the Miller indices (111), (200), and (220), respectively, which are consistent with
the standard powder diffraction data for gold (JCPDS 00-001-1172) [12]. Bi et al. [18] reported
seven distinct diffraction peaks between 30° and 85°, corresponding to various lattice planes
such as (111), (200), (220), (311), and others, suggesting a face-centered cubic (fcc) lattice for

https://nanobioletters.com/ 7 of 15


https://doi.org/10.33263/LIANBS142.051
https://nanobioletters.com/

https://doi.org/10.33263/LIANBS142.051

the Au NPs. According to the extinction rule, the lattice type is face-centered cubic (fcc) as the
h, k, and I values are either all even or all odd. The intense XRD peak at 20 = 38.120° indicates
that most Au NPs are oriented in the (111) plane of the fcc lattice [12].
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Figure 7. XRD pattern of plant extract and 10.08 mM Au NPs.

The average crystallite size, calculated from the intense (111) peak using the Debye-
Scherrer equation, was determined to be 40 nm. Dong et al. [19] reported an average crystallite
size of 50 nm for Au NPs synthesized using mulberry leaf extract.

3.5. FE-SEM and TEM micrographs.

Scanning electron micrographs serve as a potent instrument utilized by researchers
across diverse domains, including materials science, biology, geology, and electronics. It aids
in gathering insights on surface topography, particle size and distribution, microstructure, and
more derived from micrographs of NPs. The micrographs presented in Figure 8 display three
samples with varying Au contents. As evident from the image-A, in the sample containing 4
mM Au NPs, the Au clusters exhibit nearly spherical shapes and monodisperse with sizes
ranging between 20 and 50 nm, whereas in the sample with 18.72 mM NPs, the size ranges
between 100-120 nm. Moreover, it is observed that the cluster size increases with higher Au
contents, which could be attributed to a reduction in the number of capping molecules per Au
cluster. Bidan et al. [12] reported quasi-spherical Au nanoparticles (NPs) with sizes ranging
from 30 to 50 nm, synthesized using Jasminum sambac (L.) flower extract. Muniyappan et al.
[3] reported well-dispersed Au nanoparticles (NPs) stabilized with Curcuma pseudomontana,
having an average size of 39 nm.

Further image analysis was conducted using a Transmission Electron Microscope
(TEM), which offers higher resolution than FE-SEM. A high-quality TEM image vyields
information such as the sample's nanoscale morphology, crystal structure, interplanar spacing,
crystal orientation, grain boundaries, crystal defects, particle size, and distribution. To enable
a comprehensive microscopic comparison, TEM images were captured for the three samples
previously examined by FE-SEM. The TEM images also reveal nearly spherical particles,
consistent with observations from the FE-SEM images. The TEM images (Figure 9) revealed
an average cluster size ranging between 20-120 nm. For the sample containing 4.72 mM Au
nanoparticles (NPs), the size ranges between 20 and 50 nm, as observed in imageA of Figure
9. Consistent with observations from the FE-SEM analysis, an increase in the Au contents
correlated with an increase in cluster size. Interplanar spacing (d-spacing) was determined from
a highly resolved image (see inset of Figure 7), yielding a value of 0.235 nm, corresponding to
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the Miller indices (111) of the face-centered cubic (fcc) gold lattice.A value of d-spacing 0.235
is also reported for Poly(vinyl alcohol) stabilized Au NPs [21]. Poly(vinyl pyrrolidone) assisted
Au NPs give a d-spacing of 0.233 nm [17].

Figure 8. SEM micrographs of (A) 4.32;(B) 10.08;(C) 19.72 mM Au NPs.

(B)

3
-
-

100 nm

Figure 9. TEM micrographs of (A) 4.32;(B) 10.08;(C) 19.72 mM Au NPs.

Au nanoparticles (NPs) synthesized using Saussureaobvallata plant extract and
microwave irradiation were nearly spherical, with an average size of 13 nm [20]. Peng et al.
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[22] reported that the nanoparticles synthesized using Acorus calamus leaf extract were nearly
spherical in shape, with sizes ranging between 30 and 50 nm.

3.6. Hydrodynamic diameter and zeta-potential.

We utilized dynamic light scattering (DLS), a non-destructive technique, to determine
the hydrodynamic size, clustering behavior, polydispersity index, and zeta potential of the plant
extract and five synthesized Au nanofluids in an aqueous medium. Figure 10 presents the DLS

spectra of (a) the plant extract and Au nanofluids containing (b) 80 mM, (c) 100 mM, and (d)
250 mM Au nanoparticles.
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Figure 10. (A)Variation of DLS band with Dy of Au nanofluids: (a) 0, (b) 4.32; (c) 10.08; (d) 14.4; and (e)
18.72 mM Au NPs; (B) Variation of Dy with Au content (insert shows the variation of PDI with Au content).

Table 1 provides information such as average hydrodynamic diameter (Dh),
polydispersity index (PDI), zeta-potential for the plant extract, and Au nanofluids. Figure 10
shows that each sample exhibited a single DLS band and exhibited monodispersity. This
monodispersity is attributed to the adequate stabilizing effect of the molecules present in the
plant extract.

Table 1. Average hydrodynamic diameter, Polydispersity index, and Zeta potential values of plant extract and
gold nanofluids of different concentrations.

Samples Average Dn(hm) PDI Zeta potential (mV)
Plant Extract 20 0.361 -9.57

Au Nanofluids 145 0.372 -14.7

(4.32mM AuNPs)

Au Nanofluids (10.08 | 168 0.392 -13.5

mM AuNPs)

Au Nanoflouids (14.4 | 173 0.398 -13.0

mM AuNPs)

Au Nanofluids (18.72 | 176 0.400 -12.0

mM AuNPs)

The variation of the average hydrodynamic diameter (Dn) with Au content is depicted
in Figure 10B. The Dn value is highest for the nanofluids containing 18.72 mM Au
nanoparticles. The high Dn value is attributed to the insufficient availability of plant molecules
to prevent the clustering tendency of Au atoms. The article [23] reports that an increased
relative number of capping molecules per nanoparticle leads to the formation of particles with
a relatively smaller hydrodynamic diameter. A non-linear relationship is observed between size
and Au content. The non-linear relationship between Dn and Au content is due to various
https://nanobioletters.com/
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factors, such as the viscosity of the medium, the concentration of nanoparticles, and the
dielectric constant of the medium. As shown in the insert of Figure 10b, the polydispersity
index (PDI) of all the gold (Au) nanofluids remains nearly constant, regardless of the
concentration of Au nanoparticles (NPs).

The zeta potential values obtained for the plant extract and Au nanofluids were studied
to understand the nature of the surface charge (positive/negative) present on the Au NPs, the
stability of the hydrocolloids, the tendency to aggregate, the type of interaction among the Au
NPs in the liquid medium, and the type of dispersion. Figure 11 shows the distribution of zeta
potential in the plant extract and Au nanofluids. All the samples in an agueous medium exhibit
a single zeta band, indicating electrostatic interaction between the nanoparticles, as all samples
have an average negative zeta potential of -13.3 mV. The colloidal stability of the Au
nanofluids is due to interparticle repulsion between the negatively charged Au nanoparticles in
a high dielectric constant medium. Gold nanoparticles developed using marine microalgae have
a zeta potential of -21.5 mV [7], whereas Bidan et al. [12] reported a surface charge of -9.37
mV for Au nanoparticles synthesized using biomolecules.

< Fetapotent al (mVy

L] 5 1 15 m
Au conbent {mM)

Intensity (a.u.)

-50 0 50
Zetapotential (mV)
Figure 11. Zeta band distribution of Au Nanofluids with (a) 0, (b) 4.32; (c) 7.2; (d) 10.08; (e) 14.4; and (f)
18.72 mM Au NPs (insert shows the variation of zeta-potential with Au content).

3.7. Antibacterial activity study.

We studied the antibacterial activity of our bio-synthesized Au nanofluids against both
gram-positive (Bacillus subtilis) and gram-negative (Escherichia coli and Pseudomonas
aeruginosa) bacteria using the widely used Kerby-Bauer method. Azithromycin, a
commercially available antibiotic, was taken as control. It is reported that the antibacterial
activity of NPs depends on various factors like size and shape of NPs, roughness, dispersivity,
surface charge, temperature of the medium, pH, and osmotic pressure[11, 24-27].

Table 2. Zone of inhibition shown by gold nanofluids against different bacteria

Microorganisms | P (a)s1 (b)S2 (c)s3 (d)S4 (e)S5 AZM
(Plant (4.32mM) | (7.2mM) | (10.08 (14.72 (18.72 (Azithromycin)
extract) mM) mM) mM)
Bacillus subtilis - 4 mm 6 mm 6 mm 6 mm 9 mm
Escherichia coli 6 mm 7 mm 7mm 20 mm
Pseudomonas 4 mm 6 mm 8 mm 8 mm 17 mm
aeruginosa
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Figures 12, 13, and 14 and Table 2 show the zone of inhibition study against the three
selective bacteria. Insignificant zones of inhibition were seen around the wells, as observed in
Figure 12-14.

[ w

Figure 13. Antibacterial activity test against Escherichia coli.

Figure 14. Antibacterial activity test against Pseudomonas aeruginosa.

This suggests that the nanoparticle sizes are too large to penetrate the bacterial cell wall
or plasma membrane, preventing them from lysing the bacteria [24]. The bacterial cell walls
carry an electrostatic negative charge, and our zeta potential study indicates that gold
nanoparticles also have a negative charge, likely causing electrostatic repulsion between the
gold nanoparticles and the bacterial cell wall [25,26]. Our findings indicate that gold
nanoparticles in an aqueous medium may be effective at killing bacteria, particularly in
Plumeria Pudicaleafextract [27]. Plumeria pudica leaves extract alone did not show
antimicrobial activity. Further investigation is needed to find the reason for the nanofluids' low
antibacterial activity and the leaf extract's antimicrobial activity.
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4. Conclusions

Gold nanoparticles were synthesized using Plumeria pudica leaf extract in an aqueous
medium, resulting in nearly spherical Au NPs.The absorption spectrum shows a decrease in the
intensity of the m—n* band at 324 nm of plant molecules, indicating a donor-acceptor type
interaction between Au NPs and the plant molecules. A shift in the carbonyl band (>C=0) of
plant molecules suggests their interaction with Au NPs.The emission band intensity of plant
molecules decreases in the presence of Au NPs, following a dynamic quenching mechanism as
shown by a Stern-VVolmer plot. Both FESEM and TEM micrographs confirm the formation of
nearly spherical Au NPs in the nanofluids. Zeta-potential measurements indicate that the
metallic surface of the Au NPs is negatively charged. The synthesized Au nanofluids exhibited
small antibacterial activity against Bacillus subtilis, Escherichia coli, and Pseudomonas
aeruginosa. Further investigation is needed to understand why the Au nanofluids were not very
effective in inhibiting the growth of bacteria. Possible reasons could include the need for
different concentrations of nanoparticles, surface modifications of nanoparticles, or
interactions with the bacterial cell walls.
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