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Abstract

An important area of nanotechnology is the development of experimental
procedures for the synthesis of nanoparticles that are biologically inspired. New
environmentally friendly "green” synthesis techniques are being developed to address the
rising demand for commercial nanoparticles. In this study, Ulva fasciata sea weed extract
was used to synthesize stable silver nanoparticles (AgNPs). The synthesis of AgNPs and
the reduction of Ag ions in the media are both observed using a UV-Vis spectrometer.
AgNPs that have been synthesized have had their morphology studied using XRD and
SEM. The peaks in the XRD pattern correspond to the metallic silver's face-centered-cubic
(FCC) structure. Silver nanoparticles are discovered to have an average grain size of 6.35
nm. TGA/DTA results showed that desorption of chemisorbed water was associated with
exothermic reaction and weight loss. The carbonyl, hydroxyl, amine, and protein
functional groups that form a layer atop AgNPs and stabilize them in a medium were
identified using FTIR. Moreover, the antibacterial activity of silver nanoparticles was done

and the results were phenomenal with large inhibition zones.
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1. Introduction

Scientists' interest in research based on advanced nanomaterials of noble metals
like silver has increased over the past few decades due to their study of catalytic activity,
optical properties, electronic properties, antibacterial properties, and magnetic properties
[1-9] as well as their use in a variety of fields like the production of biomaterials,
biochemistry, medical, and pharmaceutical products. In order to synthesize nanoparticles,
chemical, physical, and biological approaches have been devised; however, chemical and
physical procedures produce harmful toxic byproducts and are very expensive [10, 11].
There has been a search for an approach that is low-cost, safe, and dependable as well as
"eco-friendly" to synthesize stable metal nanoparticles with controlled size and form. A
number of plant extracts, including Ocimum Sanctum [12], Petroselinum crispum [13],
Murraya koenigii [14], and Coriandrum Sativum [15], have recently established the unique

processes known as green/biosynthesis for the synthesis of metal nanoparticles.

Nature has developed a number of methods for the synthesis of inorganic materials
with nano and micro length scales, which have helped to build a relatively new and mostly
unexplored field of study centered on the biosynthesis of nanomaterials. The green
chemistry principles are compatible with bio-organism-based synthesis. Utilizing safe,
non-toxic, and environmentally friendly reagents, green synthesis of nanoparticles can be
executed. Because they are synthesized in a single step, nanoparticles synthesized utilizing
biological or green technology have a variety of different natures, higher stability, and

suitable dimensions.

Plants offer a better synthesis platform for nanoparticles since they include natural
capping agents and are free of hazardous compounds [16-18]. Ulva fasciata extracts are
used for the current investigation since it has a number of pharmacological properties. For
instance, the antibacterial activity of certain metal nanoparticles, such as silver colloids, is
directly correlated with their size, i.e., the higher the antibacterial activity, the smaller the
silver nuclei. In addition, these nanoparticles' catalytic activity is influenced by their size,
structure, shape, size distribution, and chemical-physical environment. Controlling size and
size distribution is thus a crucial task. In general, changing the synthesis processes,
reducing agents, and stabilizers is frequently used to obtain precise control of form, size,
and size distribution of nanoparticles. With the use of Ulva fasciata extract and the green
synthesis method, the reduction of water soluble silver ions to silver nanoparticles is done

in this work.
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2. Material and Methods
2.1 Synthesis of silver nanoparticles

AgNO;3 (99.99%) in aqueous solution at 0.01M concentration was used to synthesis
AgNPs in a green way. 45 mL of 0.01M AgNO3; aqueous solution was mixed with 5 mL of
U. fasciata broth and left to react at room temperature. When the reaction mixture's color
changes from translucent yellow to dark brown over a range of time intervals, the
formation of AgNPs was confirmed. The reduction mechanism of the silver ion into
nanoparticles in solution was examined using UV-vis spectral spectroscopy, which
involved collecting the AgNPs solution. The AgNPs solution was centrifuged, and the
extra liquid was removed by evaporating it in a dryer, producing silver nano powder that

was dark in color.
2.2 Characterization

Using UV-vis spectrometers (Shimadzu UV-1800, Japan) at room temperature and
with a resolution of 1 nm, optical absorbance between 190 and 800 nm was regularly
observed in samples of bio-reduced AgNPs solution. A study of infrared spectra using the
Fourier transform was utilized to locate probable biomolecules and functional groups. A
Perkin Elmer spectrometer with a resolution of 1 cm-1 and a wavelength range of 500—
4000 cm™ was used to measure FT-IR spectra. Cu-K radiation with a wavelength of
0.10287 nm was used for the X-ray diffractometer measurement in order to look at the
crystalline structure, behavior, and quality of the manufactured AgNPs powder. The
scanning was carried out in a 2 radial range between 30° and 80° at a rate of 0.02/min, with
a 2s time constant. The Debye-Scherer equation was used to determine the size of AgNPs.
By using a scanning electronic microscope, the surface shape and particle size of produced
AgNPs were studied. TGA/DTA was used to analyze the weight loss and reaction type of
synthesized AgNPs in the temperature range of room temperature to 1000°C. Al,O3 was

utilized to heat the samples at a rate of 20°C/min in an environment of air.
2.3 Antibacterial activity

One Gram (+) ve (Bacillus) and one Gram (-) ve (Escherichia coli) bacteria were used
as test microorganisms, obtained from IMTEch Chandigarh. The antibacterial
properties of the Ulva fasciata extracts and of the AgNPs produced using the Ulva
fasciata extracts were successfully analysed. For assessing Ulva fasciata mediated

AgNPs containing solution, the agar well diffusion method was used. The wells were
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filled with solutions containing silver nanoparticles at different concentrations (10 pl,
20 pl and 30 pl). The microbial cultures were used to swab the plates that contained
nutrient agar media. The plates were incubated for 24 to 48 hours at 37°C. Ampicillin
was used as the standard for comparison. Then, against each type of test

microorganism, the highest zone of inhibition was seen and measured for analysis.

3 Results and Discussion

3.1 Ultraviolet visible spectroscopy

Fig.1 depicts the reaction between Ulva fasciata extract and silver nitrate solution as a
function of time while using water as the solvent. The synthesis of additional AgNPs is
indicated by a 20-minute visual color change from translucent to light brown, which was
supported by FT-IR and UV-vis spectrometer examination. Due to a longer reaction time
after 70 minutes, the hue significantly changed to dark brown, accelerating the formation
of silver nanoparticles. It is widely known that surface Plasmon vibration causes silver
nanoparticles to appear yellowish brown [19, 20]. Fig. 2 displays the UV-vis spectrometer-
measured absorbance peak of produced AgNPs at various time intervals. The peak at 316
nm is related to AgNPs' absorbance. With more reaction time, the strength of the 316 nm

absorption peak also increased.
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Fig.1. Synthesized silver nanoparticles- (a) at 10 min (b) 20 min (c) 70 min
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Fig. 2. UV spectrum of synthesized silver nanoparticles at varied time intervals

3.2 FTIR analysis

A clear FT-IR spectra of produced AgNPs is seen in Fig. 3 at wavelengths of 663.52 cm™,
1401.31 cm™®, 1642.41 cm™, and 3361.02 cm™. Absorption peaks at 663.52 cm™ for
halogen compounds, 1401.31 cm™ for alcohol and phenols, and 1642.41 cm™ for tertiary
amides are associated with C-CI stretching. Alcohols and phenols have O-H stretching
designated at 3361.02 cm™. The ability of carbonyl groups in proteins and amino acid

residues to bind metal is stronger, and these groups may synthesis a coating over metal
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nanoparticles (such as the capping of silver nanoparticles) to prevent agglomeration and so
stabilize the medium, according to an IR spectroscopic investigation [21, 22]. These
findings imply that biological molecules play dual roles in the aqueous medium's
production and stabilization of silver nanoparticles.

AL A UL S AL A S ™Y TTTT T T Ty Ll
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Fig.3. FT-IR spectrum of synthesized AgNPs using Ulva fasciata extract
3.3 X-ray diffraction

The XRD was used to determine the crystal structure of AgNPs, and the results showed
peaks at 37.90°, 44.05°, 64.25°, and 77.20°, which correspond to the (111), (200), (220),
and (311) face-centered cubic structures of silver, respectively. These results were
compared to those on the standard powder diffraction card of the Joint Committee on
Powder Diffraction Standards (JCPDS), silver file No. 04-0783. A few strong unassigned
peaks that were elevated at 32.00, 45.95, 54.60, and 57.20 were also observed. These
Bragg peaks may have been caused by bioorganic proteins or chemicals found in Ulva
fasciata extract. Using full widths at half maximum (FWHM) measurements, the Debye-
Scherer equation was utilized to determine the average particle size [23-24].
Approximately 5.78 nm was the calculated average particle size. The Debye-Scherer
formula is T = KA / BcosO, where, 1, K, A, B and 0 represents the particle size, dimensionless
shape factor, x-ray wavelength, line broadening at half the maximum intensity and Braggs

angle respectively.
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3.4 SEM analysis

The SEM image of synthesized silver nanoparticles is shown in Fig. 4. According
to SEM image, the majorities of silver nanoparticles has spherical shapes with smooth
surfaces, is evenly distributed, and are arranged in close, compact clusters. Using cutting-
edge software called "IMAGEJ," the average particle size was discovered to be
approximately 6.45 nm, and the obtained particle size is nearly identical to XRD.

100nm GCE~BUET 03-Aug-
SEM WD 8.4mm 15:15

Fig. 4. SEM image of synthesized AgNPs using Ulva fasciata extract
3.5 Thermogravimetric-Differential Scanning Calorimetry analysis

AgNPs powder's TGA-DSC spectra are shown in Fig. 5. The TGA spectrum shows that
AgNPs samples lose weight most frequently between 200 and 500 °C, with a small amount
below 200 °C and above 800 °C. Nearly no weight loss occurs in the 550°C to 800°C
temperature range. It can be generally attributed to the evaporation of organic molecules
and water. DSC spectra show two exothermic peaks that rise between 250°C and 350°C
and 400°C and 500°C, respectively.
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Fig. 5. TGA-DSC spectrum of synthesized AgNPs using Ulva fasciata extract
3.6 Antibacterial activity

E. coli and Bacillus colonies were used in this study to examine the antibacterial property
of AgNPs and the results were shown in Fig.6 and 7 respectively. The outcomes are
displayed in Table 1. The obtained inhibition zones show that the test sample's
antibacterial activity is at its peak. The antibacterial potential of AgNPs is also supported
by findings from earlier studies. AgNPs made from banana leaf extract have the highest
zone of bacterial inhibition for gram positive Bacillus, which can be inferred from the fact
that these particles were the smallest in diameter compared to those made from neem and
tulsi leaf extracts, which both had comparable antimicrobial properties.

Fig. 6. Antibacterial activity of Ag nanoparticles against E. coli
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Fig. 7. Antibacterial activity of Ag nanoparticles against Bacillus

Table 1. Antibacterial activities of Ag nanoparticles synthesized using U. fasciata

extracts
Bacterial culture Zone of inhibition (mm)
Tl T2 T3 S
Escherichia coli 8 7 11 14
Bacillus 5 7 9 9

4 Conclusion

Ulva fasciata extract was found to synthesize AgNPs quickly with a definite size
and shape and it was environmentally benign. The UV-vis spectrum at 316 nm revealed
that AgNPs started to form within 10 min and had a greater production yield at 70 min
after the addition of extract to silver nitrate. It was discovered that AgQNP synthesis grew
over time. The silver's FCC structure is attributed to the XRD peaks. The developed
AgNPs had a spherical form, and an XRD study revealed that the particle size was 5.78
nm, which was further supported by a SEM investigation. The majority of TGA/DTA
weight loss occurs between 200 and 500 °C, with just a small amount below 200 °C and
over 800 °C, and the reaction was exothermic. The biological components that produce and
stabilize silver nanoparticles in the aqueous media were identified using the FT-IR
spectrum. Also, the nanoparticles exhibited antibacterial activity against E. coli and
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Bacillus. In conclusion, green synthesis provides a productive and environmentally

responsible way to synthesis silver nanoparticles.
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