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Article Info Abstract: The aim of this study is to produce iron III oxide (Fe.O3)
nanoparticles due to their wide application area. The ethanolic extract of
curcuma was used in the synthesis method due to number of advantages. These
benefits include being inexpensive, widely accessible, simple to extract, and less
prone to contamination. The produced particles were analyzed via scanning
DOI:10.53433/yyufbed. 1276192 electron mi'croscope (SEM), energy dispersive analysis (EDX), and transmisgion

electron microscope (TEM). Furthermore, the zeta potential of Fe,Os particles
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Keywords was determined, ultraviolet—visible spectroscopy (UV) analysis and fourier
Green synthesis, transform infrared spectroscopy (FTIR) analysis were done. According to the
Iron (I1I) oxide, results obtained, granular nanoparticles with particle sizes ranging from 30 to 80
Nanoparticle nm were synthesized and it was determined that they were sufficiently stable.

Fe203 Nanoparcaciklarin Yesil Sentezi ve Karakterizasyonu

Makale Bilgileri Oz: Bu galismanin amaci genis uygulama alanlari nedeniyle demir III oksit
(Fe2O3) nanoparcaciklart iiretmektir. Birgok avantaji nedeniyle sentez
yonteminde zerdegalin etanolik ekstrakti kullanilmistir. Bu avantajlar arasinda
ucuz olmasi, yaygin olarak erisilebilir olmasi, ekstaksiyonlarinin basit olmasi ve
kontaminasyona daha az egilimli olmasi yer alir. Uretilen pargaciklar, taramali
DOI:10.53433/yyufbed. 1276192 elektron mikroskobu (SEM), enerji dagilimli X-Ray analizi (EDX) ve gegirimli

elektron mikroskobu (TEM) ile analiz edildi. Ayrica Fe,Oj3 partikiillerinin zeta
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Online Aralik 2023

Anahtar Kelimeler potansiyeli belirlendi, ultraviyole-gdriiniir bdlge spektroskopisi (UV) analizi ve
Demir (IIT) oksit, fourier doniistimli kizilotesi spektroskopisi (FTIR) analizi yapildi. Elde edilen
Nanopartikiil, sonuglara gore tanecik boyutu 30 ile 80 nm arasinda degisen graniiler gekilli
Yesil sentez nanopartikiiller sentezlendi ve yeterince kararlt olduklar tespit edildi.

1. Introduction

The synthesis of metal nanoparticles is an important topic of research because to the unique
features those nanoparticles have in comparison to their bulk counterparts. Metal nanoparticles are
essential for various reasons, including size-dependent features such as; metal nanoparticles display
unique size-dependent properties that are not observed in bulk materials (Sarkar et al., 2017). For
example, as the size of a nanoparticle decreases, its surface area-to-volume ratio increases, which can
enhance its reactivity and catalytic activity (Lassoued et al., 2017). The properties of metal
nanoparticles can be tuned by controlling their size, shape, and surface chemistry (Ali et al., 2017).
This makes them exceedingly adaptive and useful for a wide range of applications, from electronics to
catalysis (Lassoued et al., 2017). Nanoparticles, for example, can be very effective catalysts for
chemical reactions or effective sensors for detecting pollutants (Janusz et al., 1999). Metal
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nanoparticle use is expanding quickly into new fields, such as nanomedicine, where it is being
investigated for uses in medication delivery and imaging (Selvaraj et al., 2022). In general, metal
nanoparticle production is critical for improving our comprehension of their special features and for
creating new applications that can take advantage of these properties. There are several techniques for
the synthesis of metal nanoparticles such as chemical reduction; physical methods; electrochemical
methods; microemulsion; green synthesis, etc (Mohammadi et al., 2012; Ali et al., 2017; Rydz et al.,
2019; Wei et al., 2023).

Chemical reduction is the process of reducing metal salts in a solution to generate
nanoparticles. The reduction is commonly accomplished by adding a reducing agent to the metal salt
solution, such as sodium borohydride or hydrazine (Wei et al., 2023). The size and shape of the
nanoparticles can be controlled by adjusting the concentration of the reactants and the reaction
conditions (Lassoued et al., 2017). Metal nanoparticles can be produced using physical techniques
such as laser ablation, arc discharge, and sputtering. A high-powered laser is used in laser ablation to
evaporate a metal target, which then condenses into nanoparticles. An electric arc is employed in arc
discharge to vaporize a metal target, which then condenses into nanoparticles. Metal ions are reduced
on an electrode to generate nanoparticles using electrochemical techniques. By altering the electrode
potential and the reaction conditions, the size and form of the nanoparticles may be adjusted (Rizvi et
al., 2022). Surfactants and co-surfactants are used in micro emulsion to stabilize metal ions in a
solution and control the size of the resultant nanoparticles. Metal nanoparticles are generated by a
technique known as "green synthesis," which uses natural components such as plant extracts or
microorganisms (Bibi et al., 2019). The process can produce nanoparticles with unique properties and
is more environmentally friendly than alternatives. These methods frequently use plant extracts,
microorganisms, or other natural resources as reducing and stabilizing agents rather than more typical
chemical reagents that may be detrimental to the environment (Bibi et al., 2019; Gomez-Zavaglia et
al., 2022; Rizvi et al., 2022). The plant material is typically cooked or ground into an extract, which is
then combined with a metal salt precursor to create nanoparticles. Microbial-mediated methods use
some microorganisms, (bacteria and fungi), which have the ability to synthesize nanoparticles. It
involves the use of microbial culture or extract as reducing and stabilizing agents. Enzymes are
biological catalysts that can be used to produce nanoparticles through enzymatic processes. Lipase,
cellulase, and amylase enzymes were used to generate nanoparticles (Gomez-Zavaglia et al., 2022).
Microwave-assisted techniques, by shortening the reaction time and temperature, microwave
irradiation can be utilized to speed up the synthesis of nanoparticles (Mohammadi et al., 2012).
Ultrasonic-assisted techniques, by forming microbubbles that aid in the production of nanoparticles,
ultrasonic waves can be utilized to speed up the rate of nanoparticle synthesis (Wei et al., 2023).

In the literature green synthesis methods have been used to produce a variety of
electrocatalysts for various applications (Bibi et al., 2019; Gomez-Zavaglia et al., 2022). The choice of
electrocatalyst produced by green synthesis depends on the specific application and the desired
properties of the electrocatalyst (Ali et al., 2017). The most commonly produced electrocatalysts by
green synthesis include, metal nanoparticles (e.g., iron, gold, silver, platinum) which are often used as
electrocatalysts in fuel cells, sensors, and other electrochemical devices due to their high surface area,
excellent electrical conductivity, and high catalytic activity (Wang & Huang, 2016; Wei et al., 2023).
Metal oxides (for example, titanium dioxide and iron oxide) are frequently utilized as electrocatalysts
in the breakdown of organic contaminants in water and in the creation of hydrogen gas by water
splitting. Because of their high electrical conductivity and wide surface area, carbon-based materials
(e.g., graphene, carbon nanotubes) are frequently utilized as electrocatalysts in energy storage devices
such as batteries and supercapacitors (Parthasarathy et al., 2020). For this purpose, iron and iron oxide
nanoparticles have a wide range of applications due to their unique magnetic and catalytic properties.
Some of the most common areas where these nanoparticles are used include biomedical applications
(magnetic resonance imaging, drug delivery, and hyperthermia treatment of cancer cells);
environmental remediation (removing heavy metals and organic pollutants from contaminated water
and soil); energy storage and conversion (ie; lithium-ion batteries and solar cells); catalysis; magnetic
data storage; etc (Bibi et al., 2019; Parthasarathy et al., 2020; Wei et al., 2023).

Selvaraj et al. (2022) presented the study which is provides an overview of recent
developments in the synthesis and application of iron and iron oxide nanoparticles produced by green
methods for environmental remediation purposes. They emphasize the benefits of green synthesis
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processes, which are more ecologically friendly and sustainable than standard chemical procedures.
They discuss the numerous green synthesis strategies used to produce iron and iron oxide
nanoparticles, including plant extract-mediated, microorganism-mediated, and green chemistry-based
procedures. In addition to their potential applications in environmental remediation, such as the
removal of heavy metals, dyes, and other toxins from water and soil, the properties and characteristics
of these nanoparticles are explored. In the interest of fully understanding the potential of green
synthesized iron and iron oxide nanoparticles for environmental remediation applications and to
explore fresh and creative methods to produce these nanoparticles in a sustainable and economical
manner, the article emphasizes the need for additional research and development.

Wei et al. (2023) highlighted the difficulty of using water splitting for hydrogen production
with electrocatalysts derived from earth-abundant and noble metal-free materials that function
effectively throughout a wide pH range. The study reports the development of a spindle-like
electrocatalyst made of Co-doped FeP supported on a three-dimensional framework reduced graphene
oxide (Co—FeP/3D RGO) using materials such as carbon and iron. The three-dimensional graphene
framework supports the growth of FeP and improves its conductivity and stability while the doping of
heteroatomic Co enhances the intrinsic activity of FeP. The Co—FeP/3D RGO catalyst demonstrates
excellent hydrogen evolution reaction (HER) activity and stability in both acidic and alkaline
electrolytes with a lower overpotential and Tafel slope. The study suggests that this research could
lead to the development of HER electrocatalysts made of earth-abundant non-precious metals that
work well across a wide pH range. In acidic media (0.5 M H>SOs), the catalyst exhibited an
overpotential of 110.8 mV at a current density of 10 mA/cm?, and a Tafel slope of 53 mV/decade. In
alkaline media (1.0 M KOH), the catalyst exhibited an overpotential of 188 mV at a current density of
10 mA/cm?, and a Tafel slope of 77.4 mV/decade.

Rizvi et al. (2022) present a green synthesis approach for synthesizing iron oxide nanoparticles
by reducing them with pitaya or dragon fruit extract. The benefits of employing pitaya extract as a
reducing agent are highlighted in the article, which is a low-cost and ecologically benign alternative to
typical chemical reducing agents.

Gomez-Zavaglia et al. (2022) achieved green synthesis, characterization and applications of
iron and zinc nanoparticles by probiotics". The purpose of this research is to look into the possibility
of using probiotics, specifically lactobacilli and bifidobacteria, for the green synthesis of iron and zinc
nanoparticles, as well as to analyze the properties and prospective applications of these nanoparticles.
The results revealed that the produced nanoparticles were small in size and had a high degree of
crystallinity, making them suitable for a variety of applications. The report also highlighted the
possible applications of these nanoparticles in medical, agricultural, and food industries. For example,
iron nanoparticles were shown to have antimicrobial capabilities, and zinc nanoparticles were
discovered to improve plant growth and agricultural yield.

In this study, iron oxide nanoparticles have been produced using an ethanolic extract of
curcuma. It has been selected because the use of herbal extracts in nanoparticle synthesis has several
advantages over biological synthesis based on microorganisms, making it an appealing alternative for
green nanoparticle synthesis, including several factors such as eco-friendliness, cost-effectiveness,
availability, ease of extraction, and reduced risk of contamination.

2. Material and Methods

Fe,0s particles were produced via facile-green synthesis method via curcuma extract without
any reducing chemicals. Preparation of curcuma extract was presented below;

A weighed 10 g of curcuma powder was placed in a conical flask (150 mL) contained 100 mL
of ethanol (70%). The mixture was shaken well for 5 min, and soaked for two days at room
temperature approximately 25-30 °C. The produced ethanol extract was filtered using qualitative
Whatman filter paper no.1 (125 mm) and stored at 4 °C (Figure 1a). Curcuma (turmeric) is a popular
spice in India and many other Asian countries. It included 69.4% carbohydrates, 6.3% protein, 5.1%
fat, 3.5% minerals, and 13.1% moisture. Curcumin, in specifically, is a mixture of three curcuminoids
[curcumin I (C21H200s, diferuloylmethane, 94%), curcumin II (C2OH,30s, dimethoxycurcumin, 6%),
and curcumin III (Ci9H;604, bis-dimethoxycurcumin, 0.3%)] that is known for its yellow color.
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Curcumin I (C21H200g, curcumin, diferuloylmethane) is also a significant curcuminoid, as are the
phenolic -OH and -CH, groups in the -diketone moiety found in turmeric compounds (Vo et al., 2021)

(b)

1 -

Figure 1. The prepared curcuma ethanol extract (a), after experimental procedure, filtration process of
Fe,Os (b)

In the synthesis of Fe,Os, iron (III) nitrate solution at the concentration of 10 mM in 50 mL
ethanolic extract of curcuma was incubated at 60 °C, for 60 min. This process was achieved in a black
room. Afterward, the mixture was cooled at 25 °C for 24 h; subsequently, this mixture was centrifuged
30 min at 3600 rpm. Then, the product acquired was cleaned many times with distilled water and
ethanol. Finally, a dark brownish precipitate was shaped, which was desiccated for 1 h at 90 °C
(Figure 1b). The reduction of Fe*" is due to the oxidation of the aldehydegroup in curcuma into the
carboxylic acid group (Patra & El Kurdi, 2021).

The synthesized Fe,Os particles were monitored via scanning electron microscope (SEM), it
was run on JEOL JSM-5500LV. The energy dispersive analysis of EDX for elemental analysis was
run using an X-ray micro-analyzer (Oxford 6587, INCA) attached to SEM at 20 kV. Further, Fe,Os
particles were analyzed via transmission electron microscope (TEM) samples were run on a
(Thermoscientific, Talos F200i) using the carbon-coated grid (Type G 200, 3.05 p diameter). The zeta
potential of Fe;O; particles were achieved via Malvern Panalytical instrument, in the analysis the
dispersant was ethanol. The UV-Visible absorption spectroscopy was run on Uni cam UV-VIS
spectrophotometer UV2 before and after procedure without washing. The FTIR analysis was done via
ATR-FT-IR spectrophotometer (Nicolet iS10 Thermoscientific, serial number AKX1200282). For this
purpose solid curcuma, synthesized washed solid Fe;O3; and commercial solid Fe,O3 samples were
investigated.

3. Results and Discussion

The morphological and elemental characterization of synthesized Fe,Os; particles were
achieved via SEM-EDX analysis and then the deep investigation was done via TEM analysis. While
the electron generating and control techniques used by both systems (SEM and TEM) are same, the
sample preparation and requirements for TEM are extremely dissimilar (Huang, 2010; Rydz et al.,
2019). Thin layers of materials are needed for TEM (often less than 150 nm thick) in order to transmit
enough electrons. SEM gives users detailed knowledge of sample surfaces, allowing them to create
precise 3D images. In contrast, 2D projections of a sample's interior structure can provided by TEM
(Huang, 2010; Rydz et al., 2019). The obtained all electron microscopy results were given Figure 2
and 3, respectively.

Figure 2a showed granular shaped particles with particle sizes ranging between 1.2 and 0.2
pum, which was attributed to agglomeration. As seen in the SEM images, the agglomeration is most
likely generated by electrostatic contact between layers of nanoparticle surface. Similar observations
have been documented in literature (Mohammadi et al., 2012; Rydz et al., 2019), in order to
understand the actual particle size TEM analysis was achieved. According to TEM result in Figure 3,
the maximum particle size was almost 80 nm and the minimum particle size was almost 30 nm.

1062



YYU JINAS 28(3): 1059-1067
Dogru Mert / Green Synthesis and Characterization of Fe;Os Nanoparticles

SEI 30kv. WD10mm

— (b)
Element Weight %
Fe 65.53
0) 34.47
o
Fe
Fe
Fe
0 2 4 6 ] 10
Energy / keV

Figure 2. SEM image (a) and EDX results (b) of synthesized Fe,Os.

The zeta potential of Fe,O; particles was analyzed and result was presented in Figure 4. The
particle and the liquid it is suspended in interact through the zeta potential. It results in attracting and
repellent forces between the particles. In a liquid, the same charged particles repel one another
whereas different charged particles attract one another. The particle's zeta potential value affects by
the attractive and repulsive force (Janusz et al., 1999; Chandransekar et al., 2013). In Figure 4, the
obtained value is 11.1 eV. According to the relationship between the zeta potential value and stability
of nanoparticles in the literature, particles tend to agglomerate between 0-5 mV (Ates, 2018).
Chandrasekar et al. (2013) declared that the potential exists in the +30 to -30 mV range the particle is
said to be stable. According to Meng et al. (2016), the zeta potentials of the iron oxides were varied in
the range between 32.5 mV to -19.4 mV. As a consequence, the results of synthesized Fe,O3 particles
were comparable with literature.
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Figure 3. TEM image of synthesized Fe,Os.
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Figure 4. The zetal potential of synthesized Fe,Os.

The UV analysis of curcuma extract before (a) and after (b) experimental procedures were
achieved and presented in Figure 5.

The interactions of curcuma or a curcumin derivative with Fe*" or Fe?" have been examined
spectrophotometrically in the literature (Tcnnesen & Greenhill, 1992). Curcumin and iron ion
interactions were seen as an increase in absorbance at 500 nm and a decrease in absorbance at 428 nm.
When the concentration of iron ions exceeded that of curcumin, no additional changes in the spectra
were seen, confirming the formation of a 1: 1 complex between curcumin and iron ions (Tcnnesen &
Greenhill, 1992). In the study of Lassoued et al. (2017), the synthesized Fe,Os; with different
concentrations of precursor’s UV-Vis absorption spectra reveal that all absorption curves display a
strong absorption in the 500-700 nm wavelength range. In Figure 5, the peak at 660 nm was
associated with synthesized Fe,O3 and results were supported with literatiire (Luna et al., 2016; Wang
& Huang, 2016; Lassoued et al., 2017; Ali et al., 2017; Parthasarathy et al., 2020).
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Figure 5. The UV analysis of curcuma extract (a) and synthesized Fe,Os (b).
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Figure 6. The FTIR aspectra of curcuma extract (a) and synthesized Fe,Os (b).
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The structural anaysis of synthesized Fe;Os was achieved via FTIR analysis. The significant
bands in the spectra of synthesized Fe,Os (Fig. 6) at 553 cm™, 605 cm™, and 878 cm™! can be attributed
to Fe-O vibrational modes. The peak at 990 cm™ corresponds to =C—H bond of alkenes. The peaks at
1045 cm™, 1160 cm™ and 1315 cm™! were assigned to C-O stretching of alcoholic derivatives. The O—
H bending vibrational peak was detected at 1633 cm™ (Qin et al., 2011; Rufus & Philip, 2016;
Alshamsi & Hussein, 2018).

The absorption bands between 3012 and 3327 cm™ correspond for both stretching modes
surface hydroxyl groups (OH) and the water adsorbed at the surface of Fe,Os3 (Alshamsi & Hussein,
2018). Some metabolite functional groups, including as alcohols, ketones, and carboxylic acids, were
found to be involved in the formation of Fe>O; nanoparticles (Patra & El Kurdi, 2021).

4. Conclusion

The green synthesis method was used to produce iron III oxide (Fe>Os3) nanoparticles in this
study. The ethanolic extract of the powder of the widely available and inexpensive curcuma plant was
utilized for this purpose. SEM and TEM were used for morphological examination, and EDX was
used for elemental composition investigation. The average particle size ranged between 50 and 80 nm,
and the configurations were homogeneous and spherical, according to obtained data. The composition
was 65.53% “Fe” and 34.47% “O”. The zeta potential was almost 11 eV, as supported by literature.
UV and FTIR results proved Fe,O3; nanoparticles were successfully synthesized. The findings revealed
that various metabolite functional groups were involved in the creation of Fe,O; nanoparticles. It is
intended to conduct application investigations of these particles in subsequent studies.
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