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Abstract---In this research, a sonochemical activation-assisted
biosynthesis of Au/Fe304 nanoparticles is proposed. The proposed
synthesis methodology incorporates the use of Piper auritum (an
endemic plant) as reducing agent and in a complementary way, an
ultrasonication process to promote the synthesis of the
plasmonic/magnetic nanoparticles (Au/Fe304). The synergic effect of
the green and sonochemical synthesis favors the well-dispersion of
precursor salts and the subsequent growth of the Au/Fe304
nanoparticles. The hybrid green/sonochemical process generates an
economical, ecological and simplified alternative to synthesizing
Au/Fe304 nanoparticles whit enhanced catalytic activity, pronounced
magnetic properties. The morphological, chemical and structural
characterization was carried out by high- resolution Scanning electron
microscopy (HR-SEM), Energy Dispersive X-Ray Spectroscopy (EDS)
and X-Ray diffraction (XRD), respectively. Ultraviolet—-visible (UV-vis)
and X-ray photoelectron (XPS) spectroscopy confirm the Au/Fe304
nanoparticles obtention. Finally, the catalytic activity was evaluated
by sonocatalytic degradation of methyl orange (MO). In this stage, it
was possible to achieve a removal percentage of 91.2% at 15 min of
the sonocatalytic process (160 W/42 kHz). The initial concentration of
the MO was 20 mg L 1, and the Fe304-Au dosage was 0.075 gL 1. The
MO degradation process was described mathematically by four kinetic
adsorption models: Pseudo-first order model, Pseudo-second order
model, Elovich and intraparticle diffusion model.

Keywords---synthesis, characterization pure, Au doped Fe304, co-
precipitation method.
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Introduction

In recent years, the magnetic-plasmonic materials have been widely studied due
to their applications as bifunctional nanomaterials in several areas, including
biolobiomedicine, bio-labelling, optics, electronics and catalysis [1-2]. Generally,
the magnetic-plasmonic materials are composed in their magnetic part by
superparamagnetic iron oxides nanoparticles (SPION), which are employed in
wastewater treatment, heterogeneous catalysis, drug delivery, cancer treatment,
magnetic resonance imaging (MRI), biological separation, photocatalysis and
hyperthermia [3-4]. Regarding the plasmonic part, are composed of a noble metal
such as Au. In whose case has been employed in electrochemical sensors,
biocompatible systems, as antibacterial material and advanced oxidation process
(AOPs) [5-6]. Recently, the AOPs has reported a high efficiency in wastewater
treatment and pollutant degradation due to the AOPs promote the formation of
highly reactive hydroxyl radicals, which exhibits a significant oxidation potential
[7- 9]. Some AOPs such as sonolysis, sonocatalysis, sonophotocatalysis, electro-
Coagulation, electro-peroxene and Fenton process, among others, has been
employed in the degradation of Methylene Blue, Methyl Orange, Acid Orange 7
(AO7), Basic Violet 10 (BV10), diclofenac, ciprofloxacin, moxifloxacin, Arsenate,
Auramine-O (AO, acid blue 129, Chromium, nitrophenol [8,10-11]. Nonetheless,
the properties of the magnetic-plasmonic materials depend in great measure of
the morphology and particle size distribution [12]. In this sense, the
implementation and study of new methodologies to synthesize magnetic
plasmonic materials are focused on the green chemical and the use of the physic-
chemical procedures that reduce or eliminate the use of toxic chemical reagents
[13-15]. In recent years, sonochemistry has been widely studied due that offers a
great quantity of application in many fields of knowledge. Nonetheless, the
potential sonochemistry applications have not been exploited in deep [13,14].
Specifically, in the sonochemical synthesis of nanomaterials, the use of
ultrasound in chemical reactions, favors the dispersion of the reactive species in
the synthesis process. The propagation of ultrasound waves in a liquid generates
the acoustic cavitation phenomena, which provide a mechanical activation to the
reaction, given as result the destruction of the attractive forces of molecules in the
liquid phase [1]. The sonochemical synthesis has been generally employed to
obtain well-dispersed and core-shell type nanoparticles [1]. On the other hand,
the employ of the green chemistry in the synthesis of metallic and bimetallic
nanoparticles has covered a preponderant role due to the green chemistry reduce
or eliminate the use and/or generation of hazardous substances [5,16,17]. In this
sense, the great quantity of organic and biocompatible components presents in
the plant extracts (antioxidants, phenolic compounds, flavonoids, also known as
secondary metabolites, which including the flavones, flavanols, isoflavones,
flavanones and anthocyanidins), have promoted the use of plant extracts as
reducing or stabilizing agents in the synthesis of nanomaterials, due that these
organic components are directly involved in the reduction of metallic ions of the
precursors [18,19]. The use of the endemic plant species such as Cynara
cardunculus, Silybum marianum, Lonicera japonica, Melissa officinalis, Artemisia
absinthium, Anthemis nobilis, Lonicera japonica, Thymus kotschyanus, Moringa
oleifera flower, Cnicus Benedictus and Justicia spicigera were reported in the
obtention of Au and Fe3Os NP’s [20-21]. Nonetheless, the Piper auritum extract,
has not been employed for the magnetic plasmonic nanoparticles of Au/FezO4
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composition. The Piper auritum is an endemic and medicinal plant that grows in
the tropical area of Central America. The Piper auritum, offers antimicrobial
properties due to the great quantity of phytoalexins in their composition, which
are compound of low molecular weight in the Piper auritum as result of the biotic
and abiotic stresses [22-23]. In this sense, this work proposes the green synthesis
of Au/Fe304 nanoparticles by Piper auritum extract and sonochemical activation.
The synergic effect of the green synthesis and the sonochemical synthesis offers a
functional methodology to the obtention of Au/Fe3Os nanoparticles with
significant catalytic and magnetic properties. Complementary, the sonocatalytic
degradation of methyl orange is also studied, being possible to achieve a removal
percentage of 91.2% at 15 min of the sonocatalytic process (160 W/42 kHz). Is
important to mentioning that result obtained were highly competitive in relation
to those reported in the literature, considering the simplification and economy of
the catalyst synthesis route, as well as the low power of the ultrasound
equipment and mainly the short period of time in which the sonocatalytic
degradation was carried out.

Experimental
Materials

All source chemicals were supplied from Sigma-Aldrich company and used
without any future purification.

Synthesis of Au/Fe304 nanoparticles

1 and 2 mM HAuCls.3H,O were mixed separately with 0.1g ferric oxide in two
100ml beakers. Then 3ml of 1M sodium citrate solution was added, 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 and dried for
three hours at 70°C.

Synthesis of Fes04 nanoparticles

In a separate 250ml glass beaker, 1g of lron nitrate ninehydrate Fe(NO3)3.9H>0
was mixed with 50 ml deionized water to make Fez;O4 NPs. After 2 hours, add
drops by drops of the NH4OH solution contained in the mentioned solution to
obtain a dark brown precipitate. To obtain nanoparticles, the powder was calcined
at 400 C for 4 hours after being kept in the oven for 24 hours.

Results and Discussion.
Scanning electron microscopy (SEM)

Fig. 1(A) shows the scanning electron microscopy of Ferric oxide Fe3zOs4 with
magnification strength 200 nm and 500 nm, respectively. It seems that the Ferric
oxide is irregular in shape, and the particle size is in the range (40nm — 59nm).
The surface of nanoparticles is porous and contains pores and bumps, as welle as
particle distribution is heterogeneous. Fig. 1(B) shows the scanning electron
microscopy images of Au(0.8)/Fe3O4 nano oxide with a magnifying force of 200
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nm and 500 nm, respectively. This explains that Au/Fe3zOs4 nano oxide was in
form of irregularly shaped nanoparticles with various small and large grain sizes,
and the particle size is in the range (26.86nm - 36.26nm).The Surface of
Au(0.8)/Fe304 is porous and contains pores and rough. Fig. 1(C) show the
scanning electron microscopy images of Au(l.6)/FesO4 nano oxide with a
magnifying force of 200 nm and 500 nm, respectively. The image shows that the
shape of the particles is heterogeneous and irregular as the surface of the
particles contain pores and be bumpy. The particle size is between (29.11nm-
49.01nm).
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Fig 1: FESEM of (A) Fe3zOa, (B) Au(0.8)-dopedFez04 and (C) Au(l.6)-dopedFezO4

X-Ray diffraction analysis.

Fig. 1(A) shows.The XRD of sample in Table (1) shows the formation of Fe3zO4
based on the comparison of their XRD patterns with the standard patterns of
Fe304 (JCPDS 00-019-0629) of cubic phase structure. The diffraction peaks
corresponding to (311), (533), (400), (440),(511),(220) and (111) are quite identical
to characteristic peaks of the FeszO4 crystal. The estimated particle size of the
ferric nano oxide is (11.64nm). The presence of sharp peaks in XRD samples and
particle size of less than (100) nm refers to the nanocrystalline nature of the
surface. Fig. 1(B) shows . The XRD of sample in. Table (2) shows the formation of
Au(0.8Mm)/Fe304 based on the comparison of their XRD patterns with the
standard patterns ofAu/ FezO4, (FesOs4 JCPDS 00-019-0629) (Au JCPDS 00-004-
0784) of cubic phase structure. The diffraction peaks corresponding to (311),
(400), (533), (511),(220) and (440) and doped Au to(111),(200)and(220) are quite
identical to characteristic peaks of the Au/Fe3O4 crystal. The estimated particle
size of the Au/Fe304 nano oxide is (17) nm. The presence of sharp peaks in XRD
samples and particle size of less than (100) nm refers to the nanocrystalline
nature of the surface.

Fig.1(C)The XRD of sample in. Table (3) shows the formation of Au/Fe304 based
on the comparison of their XRD patterns with the standard patterns
ofAu(0.1.6Mm)/ Fes3O4, (FesOs JCPDS 00-019-0629) (Au JCPDS 00-004-0784) of
cubic phase structure. The diffraction peaks corresponding to (311), (400), (533),
(511), (422), (220), (111) and (440), doped (Au) to (111), (200) and (220) are quite
identical to characteristic peaks of the Au/Fe3O4 crystal. The estimated particle
size of the Au/Fe304 nano oxide is (21) nm. The presence of sharp peaks in XRD
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samples and particle size of less than (100) nm refers to the nanocrystalline
nature of the surface.

Table .2. XRD Parameter associated to the Au/Fe304 nanoparticles

hkl 26 d-spacing | FWHM Size
Fe304 35.6329 2.51757 0.7200 11.64
Au/Fe;04(0.8mM) 35.098 2.5547 0.491 17
Au/Fe;04(1.6mM) 35.305 2.5401 0.399 21
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Energy Dispersive X-ray Analysis (EDXA)
The EDXA is used to represents the presence of elements and their percentage in

nature. Figures (1, 2, and 3) show the EDXA result of CuO, Fe304, Au(0.8)-doped
Fez04,Au(1.6)-doped Fe3O4, nanoparticles.

o Felo
i O
=== FekE
o . “-I - e
Fig. 1(A)
:: Axa el
200 (& ]
- A rotcn
Fig. 1(B)
e Felo
sooo o A
= FeKpg
100 Ao
o y “: =
Fig. 1(C)

Fig 1: EDXA of (A) FezOs, (B) Au(0.8)-dopedFez04 and (C) Au(l.6)-dopedFesO4.
Conclusion

In summary, the preparation of Au coated Fe3Os4 nanoparticles by the co-
precipitation method was reported in the present workand the structure,
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functional groups, morphology and magnetization properties were examined using
different techniques, theaverage crystallite and the physical size of the produced
nanoparticles were found to decrease with increasing weight of Au. Theprepared
Au coated FesO4 nanoparticles exhibit superparamagnetic behavior and high
saturation magnetization. Therefore the superparamagnetic and high saturation
magnetization of Au coated FezOs; nanoparticles is promising biomedical
applications such as MRI and biosensors.
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