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1. Introduction

Preparation of stable Fe,O3/Ag nanocomposite
particles with catalytic, antioxidant and
antibacterial propertiest

M. Ahasanur Rabbi, (2 *2 Most. Bithi Akter,® Bijan Mohon Chaki, (2 ® Md. Abdul Latif,”
Md. Al-Amin,® M. Zia Uddin Rasel,® Shamsad Sharmin,® Md. Abdurrahim,®
Mirza Humaun Kabir Rubel® and Md. Rowshanul Habib €€

Nanomaterials have demonstrated a wide range of applications and amongst nanomaterials, most of the
research has mainly focused on nanoparticles as they can be easily prepared and manipulated. The
magnetic properties of certain magnetic nanoparticles have attracted a lot of interest in environmental
applications. However, because of their great vulnerability to chemical and physical activity, their
magnetic characteristics deteriorate. These nanoparticles are being progressively attempted to be
encapsulated by a green organic matrix, which greatly improves usefulness, stability, and affordability,
and reduces back toxicity. In this investigation, iron oxide (IO) nanoparticles were prepared by a co-
precipitation method and these bear 1O particles were stabilized by green synthesized silver
nanoparticles to produce |IO/Ag nanocomposite particles. The nano size of the prepared particles was
confirmed by FE-SEM and TEM analysis. Incorporation of silver nanoparticles (AgNPs) on 10 particles
was confirmed by UV-Vis, XRD, TGA, and VSM. The improved stability of the magnetic particles was
confirmed by DLS and zeta potential. Using the reducing agent NaBH,, the catalytic reduction ability of
the 10/Ag nanocomposite particles is investigated in relation to the degradation of Congo Red, a model
anionic azo dye. When 40 ug mL™* of IO/Ag particles were used, complete degradation of 20 mL of CR
(0.1 mM) dye solution was accomplished in 2 minutes. The particles also demonstrated moderate
antibacterial activity against four pathogens and good DPPH free radical scavenging activity, with 94%
scavenging recorded at a concentration of 100 ug mL™? particles.

exceptional structural and non-structural qualities have led to
an expansion in their industrial uses; as a result, research in

Composite materials are formed by the combination of two or
more different materials or elements with different properties.
Within the composite the constituent materials do not dissolve
or blend into each other; therefore, the distinctive constituents
can be identified separately." When two or more constituents
are merged, the properties of the composite differ from those of
its separate constituents. Multi-phasic composite materials’

“ BCSIR Rajshahi Laboratories, Bangladesh Council of Scientific and Industrial
Research (BCSIR), Rajshahi-6206, Bangladesh. E-mail: rabbi_chem@yahoo.com

? Department of Chemistry, Begum Rokeya University, Rangpur-5404, Bangladesh

¢ Biomedical and Toxicological Research Institute, Bangladesh Council of Scientific
and Industrial Research (BCSIR), Dhaka 1205, Bangladesh

“ Department of Material Science & Engineering, Rajshahi University, Rajshahi
6205, Bangladesh

¢ Department of Biochemistry and Molecular Biology, Rajshahi University, Rajshahi
6205, Bangladesh

t Electronic supplementary information (ESI) available. See DOI: https://doi.org/

10.1039/d3nj05885a

5278 | New J. Chem., 2024, 48, 5278-5288

this area is linked to the ongoing creation of novel composite
materials.” With the advancement of nanotechnology, research-
ers have widely used various nanofillers in their research to
improve the performance of composite materials and multi-
phasic materials in which at least one of the phases shows
dimensions in the size range below 100 nm are known as
nanocomposites.>* With the exponential growth of nanotech-
nology, nanocomposites are receiving a lot of attention from
both academic and industrial researchers. They combine the
properties of the filler with the matrix material to produce novel
functional materials that are customized to meet the demands of
a particular use. Generally speaking, nanohybrids employ a broad
range of host materials, including silica, organic polymers, and
even liquid media. Particularly interesting are host materials with
adjustable characteristics that change in response to an external
stimulus, such as pH,>® temperature,”® magnetic fields,”™" elec-
tric fields'> and mechanical stress."® In recent times, composite
materials have been developed from components such as polymer
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matrix,"* ceramic matrix,"> and metal matrix.” The inclusion of
nanoparticles into various materials may be customized to
achieve specific features, and these materials have demonstrated
considerable potential for certain applications.'®™® Magnetic
nanocomposites are an important part of composite materials,
and the design, synthesis, and production of magnetic composite
materials are the subject of intensive study.'® Due to their high
saturation magnetization, biocompatibility, low toxicity, stability,
ease of separation, cost-effectiveness, and signal detecting
capabilities, magnetic nanocomposites have found extensive
applications in a variety of fields.”® The fundamental concept
behind the creation of magnetic nanocomposites is the combi-
nation of magnetic characteristics and unique qualities for
specific objectives.*! Comparing iron oxide-based nanocompo-
sites to other transition metal oxides containing divalent ions
such as Cu(u), Cd(ir), Mn(u), Ni(n), and Zn(u), they are safer for the
environment. Nanocomposites have excelled in adsorption,
photocatalysis, catalysis, sensing, and biosensor applications in
environmental applications. The strengths for the adsorption and
catalysis sector are particularly the facile separation due to the
magnetically recoverable nano catalyst.>* Additionally, the crea-
tion of an iron oxide nanocomposite with high stability is still a
difficult problem, particularly for biomedical applications. So far,
iron oxide nanoparticles and iron oxide-based materials have
been prepared by hydrothermal,>?>* co-precipitation,”>**¢
sonochemical,>””® laser pyrolysis,”®?° and electrochemical deposi-
tion methods.’"** Different magnetic nanoparticles may be cre-
ated by generating unique morphologies, depending on the
synthesis process and factors such as temperature, pressure,
reaction time, reagent casting, etc. Pure magnetic nanoparticles
like to aggregate, regardless of the synthesis pathway, which limits
their area and dispersion capabilities. Furthermore, air exposure
quickly oxidizes pure magnetic nanoparticles, causing a progres-
sive loss of their magnetic properties.*® Most scientists working
on this topic are interested in improving the characteristics of
magnetic composites, which are created when magnetic nano-
particles are combined with organic molecules or other stable
nanoparticles. To prevent oxidation and agglomeration of mag-
netic nanoparticles, it is crucial to develop an effective protection
method. To avoid aggregation, magnetic nanoparticles are grafted
on or coated with surfactants, polymers or other organic species.**
Stabilization can also be done with other stable metal or non-
metal nanoparticles. In this stabilization process the naked
magnetic nanoparticles are blended with another stable metal
nanoparticle. Most of the time, protective approaches serve as a
functionalization procedure in addition to stabilizing magnetic
nanoparticles. The desired application guides the selection of
these functionalization processes. Biolabeling, bioseparation, and
catalysis are just a few of the uses for functionalized magnetic
nanocomposites. Because of their great reactivity, excellent dis-
persion, and ease of separation, functionalized magnetic nano-
particles are very helpful in liquid-phase catalytic processes. From
an industrial standpoint, magnetic separation is an economical
and dependable method for separating nanoparticles or
nanocomposites.>>>® Considering the vast potentiality of mag-
netic nanocomposites, this work aims to apply Bixa orellana seed
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extract to synthesize and stabilize magnetic nanoparticles as well
as magnetic nanocomposites.

2. Materials and methods
2.1 Materials

Seeds of Bixa orellana were gathered from a distant region in
Rajshahi. In the research project, all compounds were of
reagent grade purity. We bought ferrous sulfate and ferric
chloride from Merck Life Science Limited in India. The follow-
ing materials were acquired from Merck, Germany: ammonia
solution, sodium hydroxide, silver nitrate, and 1,1-diphenyl-2-
picrylhydrazyl (DPPH). Bacterial strains Shigella boydii, Shigella
dysenteriae, Staphylococcus aureus and Escherichia coli were
supplied by Rajshahi University’s Department of Biochemistry
and Molecular Biology.

2.1.1 Extraction of biomolecules. To extract the bio-
molecules 20 g Bixa orellana seed was taken in a 1000 mL
beaker along with 200 mL of distilled water and 1 mL of a
NaOH solution (1 M). Using a DLAB MS7-H550-S magnetic hot
plate stirrer, the mixture was heated to 70 °C while being
continuously stirred for 30 minutes. Using a clean muslin cloth
to filter, the first extract was obtained. The beaker holding the
seed residue was again filled with 200 mL of distilled water and
a 1 M NaOH solution. It was then agitated for two hours at
70 °C. After collecting the second extract by filtration using a
second muslin cloth, the filtrates from the two were combined.
Prior to the synthesis of nanoparticles, the filtrate was lastly
filtered once more using Whatmann filter paper and kept at
4 °C.

2.1.2 Preparation of magnetic nanoparticles (MNPs). The
ironoxide (I0) nanoparticles were prepared by a slightly mod-
ified green synthesis process. Ferric (Fe**) and ferrous (Fe>") in
an aqueous mixture were mixed at a 2:1 molar ratio to create
iron oxide nanoparticles. Magnetic nanoparticles were made
using the co-precipitation technique using 2.40 g ferric chloride
(FeCl3-6H,0) and 2.10 g ferrous sulfate (FeSO,-7H,0). Two salts
were dissolved in 300 mL water under magnetic stirring at
60 °C. After 10 minutes, about 25 mL Bixa orellana seed extract
and 25 mL of 25% liq. NH; were added to the mixture while
stirring. The reaction occurred at below 60 °C for 4 hours. After
completion of the reaction, the product was cooled at room
temperature. The supernatant was thrown away once the par-
ticles were separated by an external magnet, and the particles
were then re-dispersed in deionized water. Until the pH of the
supernatant reached neutral, this procedure was repeated.

2.1.3 Preparation of magnetic Fe,0;/Ag nanocomposites.
Washed IO nanoparticles were re-dispersed in 100 mL of
distilled deionized water by using a bath Sonicator for 30
minutes. Then, 100 mL of 0.01 M AgNO; solution was added
to this dispersion and stirred for another 30 minutes. After that,
50 mL Bixa orellana seed extract along with 5 mL 1% NaOH was
slowly added to the mixture of IO nanoparticles and silver
nitrate under continuous stirring. The reaction was carried
out with continuous mechanical stirring for 4 h at room
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temperature. After completion of the reaction, the mixture was
allowed to stand for 24 hours. The final black colored product
was confirmed to be reduced Ag' ions. The black colored
product was separated by applying an external magnetic field
and washed five times with deionized water by magnetic
decantation to remove any nonmagnetic by-products. The
magnetic response of the prepared particles confirmed the
formation of the I0/Ag nanocomposite.

2.2 Characterization

Seed extract and a dilute dispersion of prepared IO and I0/Ag
particles were analyzed in spectrum scan mode at the wave-
length range of 200 to 800 nm using a UV-visible spectro-
photometer (SP-UV-500DB, Spectrum instrument, Germany).
Ultra-high resolution scanning electron microscope (SEM)
images were captured by a JSM-7610F (JEOL). Prior to SEM
imaging, the samples underwent platinum coating with a JEOL
Auto fine coater (JEC-3000FC). SEM photographs of IO and 10/
Ag particles were captured at a magnification of x200 K and
operating voltage range of 5 to 15 kV. The EDX spectrum was
recorded using an energy dispersive X-ray spectroscopy adaptor
that was attached to the SEM. The thermal characteristics of
10.0 mg of dry powder samples were measured using a thermo-
gravimetric analyzer (TGA, STA 8000, PerkinElmer, Nether-
lands). Under a flowing nitrogen atmosphere, the mass loss
in percentages was recorded with 10.0 mg of dry powder
samples at a heating rate of 20 °C min~'. FTIR analysis was
performed by a PerkinElmer’s FTIR-1400 (United Kingdom).
Dried samples of Bixa orellana seed extract, IO nanoparticles and
the IO/Ag nanocomposite were scanned covering the range of
4000 to 400 cm ™' with an average 20 scans. TEM images captured
using a Thermofisher Scientific’s Taalos F 200X transmission
electron microscope were used to describe the shape and size of
the produced IO and IO/Ag particles. The TEM measurement was
carried out by applying a drop of colloidal dispersion to a 300-
mesh copper (Cu) grid that had been coated with carbon film, and
letting the solvent evaporate in the air at ambient temperature.
Using a particle size analyzer, the size distributions and zeta
potential of the produced particles were examined. Using a Horiba
analyzer (SZ-100), the colloidal dispersion of the IO and IO/Ag
particles was examined. Dynamic light scattering (DLS) at 25 °C
and a scattering angle of 90 is used to analyze particle size. The X-
ray diffraction (XRD) patterns of the synthesized particles were
recorded using a scanning X-ray diffractometer (Bruker D8
Advance, Germany), with the intensity measurements being done
at 20 values ranging from 10 to 80°. Here, a position-sensitive
detector aperture operating at 25 °C was used with a scanning rate
of 1° min ™", The diffraction spectrum was processed using semi-
quantitative phase analysis software, which helped to reduce
noise, smooth the data, and pinpoint the peaks. A vibrating
sample magnetometer (VSM, Model DXV-100, China) was used
to measure the magnetic properties.

2.3 Catalytic activity

The catalytic activity of I0/Ag was investigated according to
Rabbi et al. (2021).° Congo Red (CR) dye in an aqueous solution
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deteriorated in the presence of I0/Ag and NaBH,. A mixture of
2.0 mL of 1 M NaBH, and 18 mL of 0.1 mM CR dye was created.
Using particles at 10, 20, 30 and 40 pg mL ™', the catalytic
activity of the IO/Ag nanocomposite was assessed. Absorbance
at a fixed wavelength of 500 nm was recorded to monitor the
time-dependent decline in CR content in aqueous solution.
Without any catalysts to act as a control, the experiment was
conducted again.

2.4 Antioxidant assay

The DPPH assay method, as previously reported by*” Shen et al.
(2010), was utilized in this study to assess the I0/Ag nanocom-
posite particles’ potential to scavenge free radicals. First, a
0.1 mM DPPH solution was made in methanol for the experi-
ment. Subsequently, 3 mL of methanolic dispersion of synthe-
sized IO/Ag was mixed with 1 mL of this solution. The DPPH
scavenging activity was investigated with varying particle con-
centrations (40, 60, 80 and 100 ug mL ") and ascorbic acid was
utilized as a reference material. The mixes were given a thor-
ough shake and then left for 30 minutes at room temperature
in a dark area. The proportion of DPPH radical scavenging was
then computed using the following formula after the absor-
bance at 517 nm was measured. The following formula was
used to determine the capacity to scavenge the DPPH radical.

DPPH scavenging effect (% inhibition) = {((4, — 4;)/A,) x 100}

where A, is the absorbance of the control reaction, and 4, is the
absorbance in the presence of the samples and reference. All
the tests were performed in triplicate and the results were
averaged.

2.5 Antibacterial assay

The antibacterial efficacy of the synthesized 10/Ag was evalu-
ated by using the disc diffusion test technique.*® Solid nutrition
agar medium was poured into each sterile Petri dish, and the
cultured pathogens (0.2 mL) were placed on top. Subsequently,
the growing test organism was carefully covered with filter
paper disks at three separate locations and a standard erythro-
mycin disc served as a positive control in the individual Petri
dishes. A micropipette was then used to gently drop a disper-
sion having three different concentrations (35, 70, and
105 pg disc™ ') of 10/Ag particles over each disc. These anti-
bacterial test plates were incubated for twenty-four hours at
37 £ 1 °C to confirm bacterial growth, after four hours of
sample diffusion at 4 °C in the refrigerator. Every experiment
was conducted in triplicate, and the width of the zone of
inhibition encircling each filter paper disc was measured.

3. Results and discussion

Formation of ironoxide (IO) nanoparticles by the co-
precipitation method was confirmed by the color change of
the reaction mixture®® and also by the external magnetic field
[Fig. 1(a)]. The I0/Ag nanocomposites are also produced by the
intense color change [Fig. 1(c)].

This journal is © The Royal Society of Chemistry and the Centre National de la Recherche Scientifique 2024
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10/Ag nanocomposite separated by an external magnetic field.

3.1 Characterization

Fig. 2 shows the UV-Vis spectra of (a) ironoxide nanoparticles,
(b) Bixa orellana seed extract and (c) the ironoxide/Ag nano-
composite. The absorption maximum for the seed extract was
observed at 275 nm, which is common to all phenolic sub-
stances. The composite particle IO/Ag nanocomposite showed
the characteristic surface plasma resonance (SPR) of silver
nanoparticles. SPR absorption at 410 nm confirmed the for-
mation of the magnetic silver nanocomposite.’

To comprehend the nanoparticles’ crystalline structure, X-
ray diffraction (XRD) was used. Usually in powdered form, the
sample consisted of tiny grains of crystalline substance to be
investigated.® The XRD pattern of the IO nanoparticles and 10/
Ag nanocomposites is shown in Fig. 3. Sharp peaks of 10 and
I0/Ag are attributed to the highly crystalline nature of the
particles. The diffraction peaks for the IO nanoparticles were
seen at 20 values of around 30.5, 35.82, 43.7, 57.66, and 63.2.
These values may correspond to the crystal planes (220), (311),
(400), (333), and (440).*" The magnetite standard XRD pattern
(card JCPDS #89-4319) and the observed XRD pattern agreed
well. Furthermore, the pattern indicated that the bulk of the
particles had a faced-centered cubic (FCC) crystalline structure.
The diffraction pattern of the I0/Ag nanocomposite particles
[Fig. 3(b)] further verified that composite particles were crystal-
line in nature. New diffraction signals appear at 38.4°, 44.54°,
57.76°, and 77.94° for the composite particles. These signals

275 410

4 }

3
8
< 2 c

1 b

a \
0
200 300 400 500 600 700
Wavelength (nm)

Fig. 2 UV-Vis spectra of (a) IO, (b) Bixa orellana seed extract, and (c) the
I0/Ag nanocomposite.
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(c) (d)

(a) 1O nanoparticles dispersed in water, (b) 10 separated by an external magnetic field, (c) the I0/Ag nanocomposite dispersed in water and (d) the

Lin (counts)

20 30 40 50 60 70 80
20 degree

Fig. 3 (a) XRD patterns of (a) IO nanoparticles and (b) the IO/Ag
nanocomposite.

represent the (111), (200), (220), and (311) reflection plane of the
silver nanoparticles.*” During the formation of the I0/Ag nano-
composite particles, silver might be deposited on the surface of
the iron oxide particles. For this reason, in the XRD pattern of
the I0/Ag nanocomposite particles, the diffraction signals due to
iron oxide seed particles almost disappeared.

The morphology and size of the prepared ironoxide (I0)
nanoparticles and ironoxide/silver (I0/Ag) nanocomposite par-
ticles was studied using FE-SEM. The formation of spherical
shaped IO nanoparticles and the IO/Ag nanocomposite can be
observed from the FE-SEM images (Fig. 4). Both the IO nano-
particles and I0/Ag nanocomposites are agglomerated, but still
high-resolution images from the upper-most surface of a speci-
men showed the monodisperse nano sized particles. Agglomera-
tion occurs during the drying process of the nanosuspensions
into dry powders.”* In the FE-SEM images of IO and IO/Ag,
relatively lower agglomeration was observed in the composite
than the iron oxide particles, suggesting that the composite is
more stable than bare iron oxide.

New J. Chem., 2024, 48, 5278-5288 | 5281
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Fig. 4 SEM images of (a) IO nanoparticles and (b) the IO/Ag nanocomposite.

An accurate understanding of the elements included in the
biosynthesized nanoparticles may be obtained from the EDX
result. As seen in Fig. 5(a), the EDX profile of IO reveals a strong
signal from the Fe atom, indicating the crystalline character-
istics. The horizontal axis shows energy in keV, while the
vertical axis shows the total number of X-ray counts. As is
common for the absorption of metallic iron nanocrystallites,
the main absorption peak is located at 6.38 keV.** In the EDX
spectrum of the IO/Ag nanocomposites [Fig. 5(b)], a prominent
absorption peak was observed at 2.98 keV for silver together
with the metallic iron nanocrystallites. The atom percentages of
iron and silver were found to be 36.64 and 12.66%, respectively.
In addition to these signs for C, O signals are also seen, which
might come from the Bixa orellana seed extract.

The TEM pictures (Fig. 6 and 7) verified the intricate
morphology and nanoscale dimensions of the IO nanoparticles
and I0/Ag nanocomposites. The individual particles’ spherical-
like form, ranging in size up to 20 nm, is characteristic of
magnetic nanoparticles produced by co-precipitation.**® The
10 nanoparticle’s crystalline character was shown by the SAED
data [Fig. 6(c)]. A lower magnification picture shows that the IO
nanoparticles and I0/Ag nanocomposites are embedded in a
thick matrix, which might be the organic stabilizing agents
(seed extract of Bixa orellana) used in the synthesis.”” This
showed unequivocally that the Bixa orellana seed aqueous
extract was very suitable for lowering the amount of silver
particles in the medium and converting them into evenly
distributed IO/Ag nanocomposites. The crystalline nature of

the I0/Ag nanocomposite was confirmed by SAED [Fig. 7(c)],
which displayed a diffraction pattern of the nanocomposites
directed toward the (111), (200), (220), and (311) crystalline
planes. These planes match the face-centered cubic (FCC)
structure of elemental silver.

TGA analysis was done to determine the thermal stability of
the IO nanoparticles and I0/Ag nanocomposite. TGA measure-
ments were performed with a heating rate of 10 C min™~" in the
temperature range of 30 °C to 800 °C. The TGA curve of (a) the
ironoxide nanoparticles and (b) ironoxide/silver nanocompo-
site is shown in Fig. 8. For pure IO nanoparticles no or slight
weight loss due to absorbed moisture is expected.*® In this case,
I0 nanoparticles were stabilized by Bixa orellana seed extract,
which results in gradual weight loss up to 360 °C. Up to 800 °C
6.75% weight loss can be explained due to evaporation of water
and biomolecules. Whereas more weight loss for the 10/Ag
nanocomposite can be explained by the incorporation of more
biomolecules as a stabilizing agent of silver particles.*’ The
residual weight percentage of I0/Ag nanocomposite was found
to be 89.40%.

A vibrating sample magnetometer was used to test the
magnetic properties of the magnetic particles.’® The hysteresis
loops of the bare IO nanoparticles and I0/Ag nanocomposites
are shown in Fig. 9. A material’s maximal magnetic response in
an external magnetic field is known as saturation magnetiza-
tion (Ms), and it is used to quantify the magnetic character-
istics. The saturation magnetizations of the bare IO
nanoparticles and I0/Ag nanocomposites are 32.3 emu g '

Counts

“ Aglb2

ZnKa

b
—Asla iy
FeKesc
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=
3
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Fig. 5 EDX spectra with the atom% of (a) IO nanoparticles and (b) the I0/Ag nanocomposite.

5282 | New J. Chem., 2024, 48, 5278-5288

This journal is © The Royal Society of Chemistry and the Centre National de la Recherche Scientifique 2024


http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d3nj05885a

Open Access Article. Published on 04 March 2024. Downloaded on 12/5/2025 4:44:38 PM.

Thisarticleislicensed under a Creative Commons Attribution-NonCommercial 3.0 Unported Licence.

(cc)

View Article Online

Paper NJC
= it ) 10 nm™
Fig. 6 TEM images of 1O nanoparticles at (a) low magnification, (b) high magnification and (c) SAED.
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Fig. 7 TEM images of the IO/Ag nanocomposite at (a) low magnification, (b) high magnification and (c) SAED.
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Fig. 8 TGA Thermographs of (a) 10 nanoparticles and (b) the 10/Ag
nanocomposite.

and 24.4 emu g~ ' respectively. Inclusion of nonmagnetic silver
nanoparticles reduces the Ms value of the I0/Ag nanocomposite
particles. The magnetization drops from a plateau condition to
zero when the magnetic field is removed from both particles.
This action and the ‘S’ type reversible magnetization curve
confirmed the paramagnetic property of the particles.”*® These
findings indicate that our synthesized IO nanoparticles and 10/
Ag nanocomposites exhibit a suitable magnetic behavior and
can be easily separated from waste-water treatment plants after
their application as a catalyst.

The biomolecules involved in the stabilization of IO nano-
particles and the I0/Ag nanocomposite were identified and
characterized by FTIR spectroscopy. Fig. 10 displays the FTIR
spectra of the IO nanoparticles, I0O/Ag nanocomposite, and seed

This journal is © The Royal Society of Chemistry and the Centre National de la Recherche Scientifique 2024

Applied Field (OE)

Fig. 9 Hysteresis loops (VSM) of (a) IO nanoparticles and (b) the 10/Ag
nanocomposite.

extract of Bixa orellana. The seed extract showed the absorption
bands at 2973, 1568.1, 1380.71, and 1065.23 cm™ ' corres-
ponding to the C-H stretching, C-C stretching and C-H bend-
ing and C-O (alcohol) stretching vibrations, respectively.>'>*
With the exception of a little shift in peak location and
intensity, the FTIR spectra of AgNPs and the seed extract
exhibited remarkable resemblance.”® FTIR examination of the
produced IO and I0/Ag verified the seed extract’s dual function
as a capping and reducing agent as well as the existence of the
identical functional groups within both particles. In the spectra
of 10 and 10/Ag, the wide bands for the stretching vibrations of
O-H (alcohol/phenol) at 3600-3200 cm ' were reduced. The
hydroxyl group’s role in the creation and stability of iron oxide

New J. Chem., 2024, 48, 5278-5288 | 5283
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Fig. 10 FTIR spectra of (a) Bixa orellana seed extract, (b) IO nanoparticles
and (c) the IO0/Ag nanocomposite.

and the iron oxide/silver nanocomposite is responsible for the
diminished O-H stretching vibrations.’® For the Fe-O group
vibration, an intense peak at wave number 546 cm~ ' may have
formed. The Ag-O may be represented as the shoulder peak in
the 10/Ag FTIR spectrum at 417 cm™ .

The DLS histogram (Fig. 11) was used to calculate the
average hydrodynamic diameters of the IO nanoparticles and
the IO/Ag colloidal dispersion. It was discovered that the IO and
I0/Ag had hydrodynamic diameters of 697.1 and 531.1 nm,
respectively. 10 and I0/Ag have polydispersity indices (PIs) of
0.405 and 0.408, respectively. According to Liz-Marzan et al.
(1996),>” the colloidal dispersions of 10 and 10/Ag were mono-
dispersed in nature if the PI of both particles was less than 0.5.
DLS measures the diameter of the particles as they disperse in
liquid rather than the actual size of the nanoparticles. As a
consequence, the DLS values for the biosynthesized 10 and 10/
Ag in this work are bigger than the SEM and TEM results. The
study®®°° claims that Brownian motion is the cause of the size

. |
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o } L | | {1 ] -
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Fig. 11 Size distribution of (a) IO and (b) IO/Ag particles as studied by DLS.
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discrepancy between DLS, SEM, and TEM. A decrease in hydro-
dynamic diameter during I0/Ag nanocomposite production can
be attributed to the composite’s increased stability and
decreased quantity of aggregation.

Zeta potential is significant because it has a relationship
with the short- and long-term stability of dispersion. While
emulsions with low zeta potentials tend to flocculate or coagu-
late, potentially resulting in poor physical stability, dispersions
with high zeta potentials—whether positive or negative—are
electrically stabilized. Generally, nanoparticles with a high zeta
potential have more repulsive forces than attractive forces,
which leads to a more stable system.®®* The zeta potential
value (Fig. 12) of I0 and IO/Ag also supports the increased
stability of the prepared nanocomposite. The zeta potential of
bear IO nanoparticles was —35.7 mV, whereas the value
increased to —46.4 mV for the IO/Ag nanocomposite.

3.2 Catalytic activity

This study examined the dye degradation potential of the IO/Ag
nanocomposite in the presence of sodium borohydride
(NaBH,). Congo Red (CR) dye was eliminated from the water
medium by catalytic reduction. Different concentrations of 10/
Ag nanocomposite particles (10, 20 and 30 ug mL ') were used
in this experiment. After the addition of the IO/Ag catalyst,
degradation of the dye was visually observed within a few
minutes by the change of deep red color, which was further
confirmed by the decrease in absorbance value. Similar to
any other catalyst system, the degradation rate increases
with catalyst concentration. In the presence of 10, 20, 30 and
40 pg mL ™~ particles, the azo dye totally decomposed in 8, 7, 5 and
2 minutes, respectively (Fig. 13). According to the earlier work, the
presence of silver nanoparticles on the surface of the IO/Ag
composite particles might account for this rapid deterioration.>®

3.3 Antioxidant & antibacterial activity

By using the DPPH radical scavenging experiment, the antiox-
idant properties of the I0/Ag nanocomposite particles were
examined and contrasted with ascorbic acid standard (Fig. 14).
Researchers found that when compared to plant extract alone,
AgNPs and their nanocomposites made using a green reaction
strategy have better antioxidant activity.®*"®> Although DPPH is
a persistent free radical at ambient temperature, it may be
decreased by accepting hydrogen in the presence of an
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Fig. 12 Zeta potential measurements of (a) IO and (b) IO/Ag particles.
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Fig. 13 Reductive degradation of 0.1 mM CR in the presence of (a) no
catalyst, (b) 10 pg mL™?, (c) 20 pg mL™2, (d) 30 pg mL~* and () 40 pg mL™*
I0/Ag particles.

antioxidant molecule, producing a colorless methanol
solution.’ According to previously published literature, the bear
10 nanoparticles didn’t exhibit antioxidant activity. The I0/Ag
nanocomposite particles’ ability to scavenge free radicals grows
progressively as the particle concentration rises, maximum
activity was found at around 94% when the dispersion contains
100 pg mL ™" of particles. According to this investigation, the
produced IO/Ag nanocomposite particles have free radical

M Ascorbic acid M10/Ag nanocomposite
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>
£
2
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>
©
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Fig. 14 Free radical scavenging activity of ascorbic acid and I0/Ag nano-
composite particles.
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scavenging ability that is comparable with the standard ascor-
bic acid. As a result, the produced nanocomposite particles may
be helpful in the treatment of several oxidative stress-related
illnesses.

3.4 Antibacterial activity assay

Antibacterial nanocomposite particles offer a wide range of
potential applications in the biomedical area and in many
everyday health goods.®®®”°® Four pathogens have been exam-
ined in relation to the antibacterial properties of I0/Ag nano-
composite particles (Fig. 15). Gram positive (Staphylococcus
aureus) and Gram negative (Escherichia coli, Shigella dysenteriae,
and Shigella boydii) bacteria are both significantly inhibited by
I0/Ag nanocomposite particles. As is typical for bacterially
active particles, the antibacterial activity rises as the concen-
tration of the particle increases. The inhibition zones in the
presence of I0/Ag nanocomposite particles range from 07 to
12.5 mm, regardless of the kind of bacteria (Fig. S-1, ESIT).
When Staphylococcus aureus is exposed to 105 pg disc™" of 10/
Ag nanocomposite particles, a maximal inhibitory zone of
12.5 mm is seen. The bear IO nanoparticles didn’t show any
antibacterial effect, and thus the addition of AgNPs is respon-
sible for the antibacterial activity of the IO/Ag nanocomposite
particles. For IO/Ag nanocomposite particles, two possible
antibacterial processes have been used. One is the release of
Ag ions from AgNPs that penetrated the bacterial membrane
and impacted respiration and osmosis. According to Agnihotri
et al. (2013), the other is the contact killing mode that is often
seen with anchored AgNPs.* According to the study mentioned

40

=m Erythromycin =35 pg/disc ®70 pg/disc m105 pg/disc

w
(=]

Zone of inhibition (mm)
N
o

-
o

S. aureus E. coli S. dysen S. boydii

Fig. 15 Antibacterial activity of IO/Ag nanocomposite particles.
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above, biocompatible and relatively less toxic I0/Ag nanocom-
posite particles with moderate antimicrobial activity will make
promising bioactive nanomaterials because they can be readily
recovered from application media, limiting the potential harm
they could cause to the environment and human health.

4. Conclusions

In the present study, we have demonstrated the preparation of
stable magnetic nanocomposite particles with moderate anti-
oxidant and antibacterial activities. The biomolecules extracted
from Bixa orellana seed were used to stabilize the bear magnetic
nanoparticles as well as I0/Ag nanocomposite particles. With-
out any external stabilizer, the dispersions of both particles
were stable; however, the 10/Ag particles were found to be more
stable than the bear IO nanoparticles. It is plausible to presume
that bear IO nanoparticles are largely coated with AgNPs based
on the IO/Ag nanocomposite particle preparation technique.
The I0/Ag nanocomposite particles’ decreased saturation mag-
netization value further supported this. The nanocomposite
particles maintained enough paramagnetic properties to allow
for media separation even if their saturation magnetization
decreased. We may conclude that the presence of nanosized
silver particles on the surface of the nanocomposite is mostly
responsible for the catalytic, antioxidant and antibacterial char-
acteristics of the nanocomposite particles. Researchers are
searching for smart particles that can be collected or separated
from the environment after usage in order to address the
environmental problem related to nanoparticles. In this regard,
combining magnetic IO nanoparticles with AgNPs without chan-
ging their unique characteristics might be a good substitute.
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