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Abstract

Co-precipitation was used to synthesis Au/FesOs nano-composites different Au contents,
(XRD) , (SEM) were used to analyze the nano-composites’ microstructure and phase (EDX) ,
(XPS) were used to confirm the compositions of the powders. UV-Vis spectroscopy utilized to
examine the particles' band gaps. Malachite green(MG) degradation was examined using the
photocatalytic property of the nanocomposites, also the powders with 0.5 mol of Au exhibit the
highest photocatalytic degradation efficiency. The reaction conditions for Au(0.5)/FezO4 were
also evaluated.
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Introduction

Magnetic-plasmonic materials have attracted a lot of attention recently due to their potential as
bifunctional nanomaterials in a range of fields, including biomedicine, biolabelling, optics,
electronics, and catalysis[1,2]. The magnetic component of magnetic-plasmonic materials is
typically composed of superparamagnetic iron oxides nanoparticles (SPION), which are
employed in the treatment of wastewater, heterogeneous catalysis, drug delivery, cancer
treatment, magnetic resonance imaging (MRI), biological separation, photocatalysis, and
hyperthermia [3,4].And made of a noble metal like Au for the plasmonic component. its use in
improved oxidation processes, biocompatible systems, antimicrobial materials, and
electrochemical sensors (AOPs) [5,6]. AOPs have recently reported a high efficiency in
wastewater treatment and pollutant degradation due to their stimulation of the production of
highly reactive hydroxyl radicals with a significant oxidation potential [7, 9] Malachite green,
Acid Orange 7, Basic Violet 10, Ciprofloxacin, Moxifloxacin, Arsenate, and Nitrophenol,
among other AOPs, have been degraded via sonolysis, sonocatalysis, sonophotocatalysis,
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electrocoagulation, electro-peroxene, and the Fenton process [8,11]. However, the
characteristics of magnetic-plasmonic materials are significantly influenced by the form and
particle size distribution [12]. In this context, the application of eco-friendly chemicals and the
employment of physicochemical methods that reduce or totally eliminate the use of hazardous
chemical reagents are essential for the implementation and development of novel technologies
to synthesize magnetic plasmonic materials [13,15]. Sonochemistry has received a lot of
attention in recent years since it has a wide range of applications in numerous scientific
domains. However, there hasn't been much research done on the possible uses of
sonochemistry[13,14]. The dispersion of reactive species during the synthesis process is
improved by the use of ultrasound in chemical processes, specifically in the sonochemical
synthesis of nanomaterials. The acoustic cavitation phenomenon is caused by the propagation
of ultrasonic waves in a liquid, which destroys the attraction interactions between molecules in
the liquid phase. This event gives the reaction a mechanical activation. [1]. Typically, the
sonochemical synthesis is used to create well-dispersed, core-shell nanoparticles [1]. The use
of ultrasound in chemical processes, namely in the sonochemical synthesis of nanomaterials,
enhances the dispersion of reactive species during the synthesis process. The destruction of the
molecules' attractive forces in the liquid phase results from the propagation of ultrasonic waves
in a liquid, which causes the acoustic cavitation phenomenon. This phenomenon provides an
activation mechanism for the reaction. The use of green chemistry, on the other hand, has played
a significant role in the synthesis of metallic and bimetallic nanoparticles since it reduces or
eliminates the usage and/or creation of hazardous compounds[5,16,17]. Given that these
organic components are directly involved in the reduction of metallic ions, the abundance of
organic and biocompatible components present in plant extracts (such as antioxidants, phenolic
compounds, flavonoids, which include flavones, flavanols, isoflavones, flavanones, and
anthocyanidins) has encouraged the use of plant extracts as reducing or stabilizing agents in the
synthesis of nanomaterials [18,19]. It has been reported that endemic plant species like Cynara
cardunculus, Silybum marianum, Lonicera japonica, Melissa officinalis, Artemisia absinthium,
Anthemis nobilis, Lonicera japonica, Thymus kotschyanus, Moringa oleifera flower, Cnicus

Benedictus, and Justicia spica have been used to produce gold and iron oxide nanoparticles NP
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[20,21]however, the Piper auritum extract has not been used to create magnetic plasmonic
nanoparticles with the composition Au/Fez04. In the tropical region of Central America, there
is an endemic plant called Piper auritum, which has medicinal properties. Due to the abundance
of phytoalexins, which are low molecular weight compounds produced by biotic and abiotic
stressors in the Piper auritum, these plants have antibacterial capabilities [22,23]. In this regard,
our work suggests the environmentally friendly synthesis of Au/FezOs nanoparticles using
sonochemical activation and Piper auritum extract. Au/FezO4 nanoparticles with significant
catalytic and magnetic properties can be obtained using a practical technology thanks to the

synergistic effect of green and sonochemical synthesis.

Experimental

Materials
No Substance Chemical Formula | Purity% Suppliers
1 Ferric nitrate Fe(NO3)3.9H20 98.0 THOMAS BAKER
2 Sodium citrate Na3C6H507 99.9 HIMEDIA
3 Ammonia NH3 solution 99.7 CDH
4 Sodium hydroxide NaOH solution 99 BDH
5 deionized water H20 99 Lab
6 Ethanol absolute C2H50H 99.9 Merck
7 | Hydrogentetrachloro |\ n 143100 ggg ABCR
aurate trihydrate

Au/Fe304 nanoparticles synthesis.

One and two mM HAuUCI4.3H.0 were mixed separately with 0.1g of ferric oxide in two 100ml
beakers. Then 3ml of 1M sodium citrate solution was added at room temperature, and the
temperature was raised to 80°C until the solution turned purple. It was then filtered and rinsed

in 50ml of ethanol, acetone, and distilled water respectively and dried for three hours at 70°C.
Fes3O4 nanoparticles synthesis

In 250mL glass beaker, 1g of ferric nitrate nonahydrate Fe(NOz)3.9H20 was mixed with 50 ml
deionized water to make FezOs NPs. After 2 hours, After 2 hours at room temperature the OH

drop by drop 4NHreaction mixture was quenched with aqueous until the solution became a dark
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brown precipitate. The powder was stored in the oven for 24 hours before being calcined at

4000C for 4 hours to produce nanoparticles [24].

Results and Discussion

Scanning electron microscopy (SEM)

Figure (1) (A) Shows the (SEM) of Fe304 with magnification strengths of 500 nm. It appears
that Fe304 has an irregular form, with different particle sizes. Clusters of nanoparticles are
observed. Figure (1) (B) Shows the scanning electron microscopy images of (0.8mM) Au-
doped Fe304 nano oxide with a 500 nm magnification force.This explains that (0.8mM) Au-
doped Fe304 nano oxide was composed of irregularly shaped nanoparticles. Surface of Au-
doped (0.8mM) Fe304 is porous, contains pores, and is rough. Figure (1) (C) Shows the
scanning electron microscopy pictures of (1.6mM) Au-doped Fe304 nano oxide with a
magnification force of 500 nm. The image reveals that the shape of the particles is

heterogeneous and irregular, as their surface is porous.
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Figurel : (A) Fes0s, (B) (0.8mM) Au-dopedFesO4 and (C) (1.6mM)Au-dopedFeszO4
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X-Ray diffraction analysis

Figure (2) (A) Based on a comparison of the sample's XRD patterns with the typical patterns
of cubic phase-structured Fe304 (JCPDS 00-019-0629), the XRD results demonstrate the
formation of Fe304. The diffraction peaks (311) (34.5), (533) (74.2), (400) (43.12), (440)
(62.54), (511) (57.88), (220) (32.33), and (111) (17.55) are essentially equal to the distinctive
peaks of the Fe304 crystal. The ferric nano oxide's estimated particle size is 11.64 nm. Sharp
peaks in XRD samples and particles smaller than 100 nm indicate that the surface is

nanocrystalline.

Figure (2) (B) Based on a comparison of the sample's XRD patterns with the standard patterns
of (0.8mM) Au-doped Fe304 (Fe304 JCPDS 00-019-0629) and (Au JCPDS 00-004-0784) of
cubic phase structure, the XRD results demonstrate the development of (0.8mM) Au-doped
Fe304. The diffraction peaks corresponding to (311) (35.1), (400) (43.55), (533) (74.11), (220)
(29.55), and (440) (62.33) and doped Au to (111) (38.33), (200) (44.11), and (220) (64.43) are
very similar to the peaks that are characteristic of the Au/Fe304 crystal. The particle size of the
Au-doped Fe304 nano oxide (0.8mM) is estimated to be 17 nm. The presence of strong peaks
in XRD samples and a particle size of less than 100 nm indicates that the surface is

nanocrystalline.

Figure (2) (C) According to the sample's XRD, (1.6 mM) Au-doped Fe304 was formed. based
on a comparison of their XRD patterns with the standard patterns of (1.6mM) Au-doped Fe304,
(Fe304 JCPDS 00-019-0629) and (Au JCPDS (00-004-0784) of cubic phase structure, it has
been determined that their phase structure is cubic. The diffraction peaks corresponding to
(311) (35.77), (400) (43.55), (533) (74.5), (511) (57.77), (422) (53.7), (220) (30.5), (111)
(20.1), and (440) (63.45), doped (Au) to (111) (43.77), (200) (44.2), and (220) (64.3) are very
equivalent to the typical peaks of the Au-doped Fe304 crystal (1.6 mM). The (1.6 mM) Au-
doped Fe304 nano oxide's estimated particle size is 21 nm. The nanocrystalline structure of the
surface is indicated by the appearance of strong peaks in XRD samples and particle sizes less
than (100) nm.
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Figure 2: (A) Fes0a, (B) (0.8mM) Au-dopedFes;O.4 and (C) (1.6mM) Au-dopedFesO4
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Table 1 :XRD Parameter associated to the nanoparticles.

Sample 20 d-spacing | FWHM | Size

Fe304 35.6329 | 2.51757 | 0.7200 | 11.64
Au/Fe304(0.8mM) | 35.098 2.5547 0.491 17
Au/Fez04(1.6mM) | 35.305 2.5401 0.399 21

Energy Dispersive X-ray Analysis (EDXA)

The EDXA is used to represents the presence of elements and their percentage in nature. Figure
(3) (A, B, and C). Show the EDXA result of FezO4 and Au-doped FezO4 nanoparticles.
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Figure 3: (A) Fes304, (B) (0.8mM) Au-dopedFesO4 and (C) (1.6mM) Au-dopedFezOa.
Porosity and surface area analysis

The pore size and surface area of the (FesOs, Au-doped FesOs) were measured using the
Brunauer-Emmett-Teller (BET) nitrogen adsorption methodology. These pore size data reveal
the meso porosity of the neat and doped powders. Additionally, the adsorption-desorption
isotherm plots that result in the surface area of nanoparticles are shown in the insets of Figure
(4) (A, Band C). The effects of precious metals doping on the pore size and surface area of the
prepared nano powder were also evident in figures (A, B and C). Particularly when Au was
present, the surface areas dropped while the pore sizes increased the porous structure could

provide enough of active sites and adequate mass transfer resistance for the degrading reaction.
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Figure 4: (A) Fes04, (B) (0.8mM) Au-dopedFe;O4 and (C) (1.6mM) Au-dopedFesO..

or om oE -]

Table (4-2): The values Surface area and porosity of prepared nanoparticles.

Sample Surface Ares | Pore volume | Pore diameter Dv/d
FesOq4 11.7646 0.129264 35.37662
Fe304(0.8mM) 38.5963 0.223393 26.58866
Fe304(1.6mM) 74.6045 0.355500 20.35234
Conclusion

In conclusion, the co-precipitation method was used to prepare Au coated FesO4 nanoparticles,
and different techniques XRD, EDXA, SEM. BET were used to examine the structure,
functional groups, morphology, and magnetization properties. It was discovered that the
average crystallite size and physical size of the produced nanoparticles decreased with
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increasing weight of Au and the Oxides were used to removal organic pollutants from aqueous

solution.
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