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Abstract—In this work, the magnetite nanoparticles (Fe,O,-NPs)
synthesized using a simple, fast, and environmentally acceptable
green approach. Gundelia tournefortii L. extract, an aqueous plant
extract, was used for the 1°' time in green synthesis to prepare
nanoparticles as reducing, capping, and stabilizing agents. Such
biomolecules as flavonoids, alkaloids, and antioxidants are found in
the aqueous leaf extract, and their presence has been determined to
have an important role in the synthesis of Fe,O,-NPs. The techniques
used in this analysis include Fourier Transform Infrared, Scanning
Electron Microscopy, Energy-Dispersive X-ray spectroscopy, X-ray
Diffraction, Transmission Electron Microscopy, and Vibrating
Sample Magnetometer. The Vibrating Sample Magnetometer
demonstrated that the samples were superparamagnetic, with a
magnetization value of 48.6 emu/g. The prepared nanoparticle was
applied to remove chrystal violet, malachite green, and safranin
dyes from prepared aqueous solutions with the adsorption capacity
of 13.9, 15.6, and 14.4 mg/g, respectively.

Index Terms—Green synthesis; Gundelia tournefortii L.
leaf extract; Fe O, nanocomposite; Characterization.

1. INTRODUCTION

Iron nanoparticles have generated a lot of interest in
ecological research due to their great surface sensitivity and
huge surface area; moreover, pathogenic microorganisms,
organic pollutants, and inorganic toxins are all eliminated in
ecological studies. There are plethoras of physical, chemical,
biological, and hybrid techniques available for synthesizing
various kinds of nanoparticles, and the nanoparticles generated
by each process have certain characteristics. However, there is
currently the development of metal nanoparticles production
by plants. Green nanotechnology has been drawn by a broad
variety of procedures to decrease or remove toxic substances
for environmental restoration. A modern approach for their
production is to synthesize metal nanoparticles by utilizing
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inactivated tissues, plant extracts, exudates, and other
components (Kanagasubbulakshmi and Kadirvelu, 2017). To
avoid the toxic and flammable sodium borohydride, which
is used as a reducing agent, scientists are working at green
preparations of iron nanoparticles. Furthermore, because
no harmful chemicals are employed during the preparation
of plant extracts as a reducing agent, they are suitable for
biomedical and pharmaceutical applications. Recently, a
significant amount of research on iron nanoparticles have
been published that use plant extracts for producing green
iron nanoparticles (Da’na, Taha and Afkar, 2018). Gundelia
tournefortii L. (GT), an edible spiky, thistle-like plant native
to Iran, Iraq, Turkey, Azerbaijan, Egypt, Cyprus, Jordan, and
other parts of Western Asia, is locally known as “Kangar” in
Iran and the Kurdistan region of Iraq. Galgal, Tumbleweed,
Tumble Thistle, Akkub, and Akoub are among the most
common names for GT For a long time, the plant’s stem has
been used as a hepatoprotective purifier and as a possible cure
for diabetes, chest discomfort, and heart attacks in traditional
medicine in the Middle East (Hajizadeh-Sharafabad, et al.,
2016). Phytochemical analysis of GT leaves revealed the
presence of phenolic compounds, particularly flavonoids,
including caffeoylquinic acid derivatives, quercetin, gallic
acid, and other phytoconstituents, namely, total alkaloids,
ascorbic acid, reducing power, total antioxidant activity, and
metal chelating activity (Ibrahim, Jalal and Ibrahim, 2013).
An aqueous extract of white tea (Camellia sinensis) was
used as a reducing and capping agent to prepare iron oxide
magnetic nanoparticles (Shojaece and Shahri, 2016). For the
first time, the influence of Glycosmis mauritiana leaf extract
on the synthesis of iron oxide nanoparticles (Fe,O, NPs)
was investigated, as well as the efficacy of G. mauritiana
leaves as a biomaterial as a reducing agent (Amutha and
Sridhar, 2018). Iron Fe,O, NPs were synthesized in a
green way by extracting pomegranate (Punica granatum)
seeds (Bibi, et al.,, 2019). Mango peel extracts were used
to effectively manufacture GMP-nZVI (Desalegn, et al.,
2019). The treatment of ferrous and ferric salt aqueous
solutions in an alkaline medium with Myrtus communis L.
leaf extract resulted in the rapid production of Fe,O,-NPs
(Saleh, 2020). As far as we know, this is the first study used
in the biosynthesis of Fe,O,-NPs of inexpensive GT raw
extract for probable hyperthermia. X-ray powder diffraction
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(XRD), transmission electron microscopy (TEM), scanning
electron microscope (SEM), energy-dispersive  X-ray
spectroscopy, vibrating sample magnetometer (VSM), and
Fourier-transform infrared (IR) spectroscopy are used in the
analysis of the present research. The prepared nanoparticle
was applied to remove chrystal violet (CV), malachite
green (MG), and Safranin (S) dyes from prepared aqueous
solutions.

II. MATERIAL AND METHODS

A. Reagents

All chemicals used in the present work are in reagent
grade, namely, Iron(Ill) Chloride Hexahydrate (FeCl,.6H,0)
(Sigma-Aldrich), Iron(II) Sulfate-heptahydrate (FeSO,-7H,0O)
(Sigma-Aldrich), Sodium hydroxide (NaOH) (Scharlau),
and Ethanol (Sigma-Aldrich). Deionized distilled water and
distilled water were obtained from our analytical laboratory.

B. Preparation of Plant Extract

Fig. 1 shows a photo of GT (Family name, Asteraceae
and Local name, Kangir) from the mountains of Kurdistan
region, Iraq. After collecting, the specimens were thoroughly
cleaned to remove particles of dust so that any remaining
moisture could be removed. The plant was left to dry in a
shady, well-ventilated area; it was sliced into small parts and
then transferred into a thin powder, depending on how the
plant is harvested with some modifications (Ramesh, et al.,
2018, Sravanthi, Ayodhya and Swamy, 2019). To prepare the
solution, 5 g of the powdered plant was put into a conical
flask containing 100 ml of deionized H,O. After 15 min
of heating at 60°C, the extract was filtered on Whatman’s
No.1 filter paper. The pale brown filtrate was kept at a 4°C
temperature.

C. Synthesis of Fe,O, NPs

Iron Fe,O, NPs were prepared, firstly, 20 ml of 2.0 M of
FeCL.6H,O solution and 20 ml of 1.0 M of FeSO,.7H,0
solution (2:1 molar ratios), then it was added into a 100 ml
of plant extract solution. The solution was then added
dropwise to 1.0 M NaOH while stirring continuously. The
solution’s pH was adjusted to 11. It was agitated for 1.0 h to
ensure homogeneity and to complete the reaction. The Fe,O,-
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Fig. 1. Image of Gundelia tournefortii L.
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NPs were separated using magnet, as shown in Fig. 2. Fe O,-
NPs were cleaned several times by ethanol, and deionized
distilled water. The nanoparticles were dried for 24 h at a
70°C temperature.

D. Characterization of Fe,O, NPs

PANalytical X’Pert X-ray diffractometer was utilized to
examine the crystal structure and purity of the produced
adsorbents. To prepare the sample for testing, it was
scanned using Cu Ko radiation (A = 1.54 A) at 20 angle
configuration scanning from 20° to 80°, with an applied
current of 40 mA and a voltage of 45 kV. Fourier transform
IR (FT-IR) spectroscopy was recorded on SHIMADZU
IR AFFINITY-I FTIR spectrophotometer to study the
presence of the biomolecules, which are responsible for the
synthesis of Fe,ONPs. Dried samples were grinded with
potassium bromide to produce a pellet, which was examined
in a wavelength range of 400-4000 cm™'. Surface shape,
morphology, and elemental composition of materials were
obtained using SEM (SEM Compact 6073) and energy
dispersive X-ray analysis (EDX) (Merlin Compact 6073)
(Carl Zeiss, Germany). The size and morphology of the
synthesized Fe O, NPs were observed using the FEI TECNAI
G2 F20 TEM. Measurement of the magnetic properties of
the nanoparticles was done in a VSM produced by Daghigh
Kavir Corporation at room temperature.

III. RESULTS AND DISCUSSION

A. FTIR

FT-IR spectra of synthesized magnetic nanoparticles
were carried out to identify the possible biomolecules
responsible for the capping and stabilization of nanoparticles.
As shown in Fig. 3, the stretching vibrations are at
3409 cm’!, 1587 cm’, 1097 cm! and 615 cm?! within the
region of 400-4000 cm™. These peaks represent the following
bonding in the sample that confirms the reducing agent
role in the formation of Fe,O, -NPs. The peak at 3409 cm
corresponds to the O-H stretching vibration in OH-groups,

Fig. 2. Magnetite nanoparticles separated by using an external

magnetic field.
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which indicates the aqueous phase as well as the reduction
of the Iron salts. The peaks at 1587 cm™ and 1097 cm’
attributed to the asymmetric and symmetric stretching
vibration to the C=0, and C-O bond stretching denotes the
existing phytochemicals in the plant extract which stabilize
as well as act as capping agents (Awwad and Salem, 2012).
Fe-O stretching vibration is attributed to the band below 700
cm'. The Fe-O stretching band of Fe,O, nanoparticles can be
detected at 615 cm™ (Sobh, Nasr and Mohamed, 2020, Sari
and Yulizar, 2017, Kanagasubbulakshmi and Kadirvelu, 2017).

B. SEM

Visual inspection of the surface using SEM analysis was
carried out to discern morphological features, shape, and
distribution of the nanoparticles’ size, as illustrated in Fig. 4.
As shown, GT extraction reveals the spherical with some
hexagonal-shaped crystalline structure of Fe O, in the SEM
micrograph of magnetic iron Fe,O, NPs; it can be found that,
given of high surface energy and adherence, most particles are
approximately spherical with some hexagonal-shaped (Ardelean,
et al., 2017) (Alzaidi, Alzahrani and El-Mouhty, 2016).
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Fig. 3. Fourier transform infrared spectra Fe,O, nanoparticles.

Fig. 4. Scanning electron microscope images of the biosynthesized iron
oxide nanoparticles.
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C. EDX

EDX analysis was used to perform qualitative analysis of
prepared nanoparticles (Fig. 5), which indicates the presence
oxygen and Iron elements in the composition of magnetite
nanoparticles (Fe304-NPs) prepared from an aqueous plant
extract of GT The iron and oxygen atoms in Fe304-NPs are
stoichiometric to each other, the theoretical and experimental
values are in agreement. The presence of a significant amount
of iron ions inside these nanoparticles highlights the effective
production of Fe304-NPs using the plant (Saleh, 2017)
(Ahmadi, et al., 2020).

D. TEM

The size and morphology of the synthesized Fe,O,
nanoparticles were measured using TEM imaging. The Fe,O,
nanoparticles are nanocrystalline, as seen in Fig. 6, though
their shape is mostly spherical with some hexagonal-shaped
nanoparticles (Nejati-Koshki, et al., 2014, Yew, et al., 2016).
The average particle size of the spherical nanoparticles is
29.9 nm. Moreover, Fe,O, nanoparticles are agglomerations
in some areas. The presence of agglomeration might be
due to van der Waals forces that bind particles together, as
well as nanoscale shear forces. Furthermore, the presence of

A

Fig. 5. Energy dispersive X-ray analysis spectrum of iron oxide
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Fig. 6. Transmission electron microscopy images of the synthesized
magnetite nanoparticles by Gundelia tournefortii L extraction.
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hydroxyl groups in plant extracts may cause agglomeration
(Yusefi, et al., 2021).

TABLE 1
REMOVAL PERCENT OF DYES

Fe,O,-NPs
Dyes Removal %
MG 78
CvV 69.5
S 72
CV: Chrystal violet, MG: Malachite green, S: Safranin
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Fig. 7. Vibrating-sample magnetometry diagrams for magnetite
nanoparticles.
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Fig. 8. X-ray powder diffraction patterns of iron oxide nanoparticles.
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E. VSM

One of the expected features of the synthesized nanoparticles
in this study is magnetic properties. Magnetometry technique
was used to measure the magneto-resistance impact of
nanoparticle-generated  magnetic  characteristics in  the
field of 20,000-20,000 at room temperature. Fig. 7 shows
that the iron Fe O, NPs prepared using GT extraction are
superparamagnetic, with saturation magnetization value
of 48.6 emu/g being established by measuring magnetic
hysteresis curves. Saturation magnetization values for Fe,O,
nanoparticles prepared by this plant were higher than those
Fe O, nanoparticles prepared by other researches in literature
(Zhen, et al., 2011, Deshmukh, Gupta and Kim, 2019).

F. XRD

Fig. 8 shows the XRD pattern of Fe,O,-NPs prepared
using extraction of GT These peaks reflect the amorphous
structure (220), (311), (400), (442), (511), (440) of iron oxide.
Moreover, the rhombohedral structure of iron oxide may be
indexed to all of the reflection peaks (JCPDS NO. 89-8104).
Similar to iron Fe,O, NPs, these studies describe a crystalline
form (Amutha and Sridhar, 2018; Ahmadi, et al., 2021). The
typical crystalline size of Fe,O, nanoparticles, according to
the dominant peak (311) diffraction peak, is 15.17 nm as

0.944
B Cos6(311)°
D311 is the usual crystallographic dimension normal to the
(311) crystal plane, A is the X-ray wavelength (1.5406 A),
and f is the full width at half maximum of the (311) plane
(Barzinjy, et al.,, 2020). The crystalline size was 29.6 nm,
according to the results. The crystallite size of the Fe304-
NPs formed varied between 11.7 mn and 69.3 nm, according
to the XRD study (Yew, et al., 2016).

expected by Scherrer’s equation: D311 = where

IV. APPLICATIONS

Fe,O, nanoparticles have been applied to remove CV, MG,
and S dyes from syntheses solution, as can be seen in Fig. 9. The
optimum conditions for removal of 10 ug/mL dyes were 50 mg
of nanoparticles with natural pH 5.5 at room temperature, and
one hour shaking in thermostat shaker water bath after separating
adsorbent to adsorbate using an external magnet and the residue
measured with a ultraviolet-visible spectrophotometer. Results
had been illustrated in Table 1 and Fig. 10. Table 2 shows that
the adsorption capacity of MG, S, and CV is comparable to
various adsorbents reported in the literature.
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Fig. 9. (a) Adsorption time impact of chrystal violet, malachite green, and safranin removal, (b) Adsorbent dose effect on percent removal of chrystal
violet, malachite green, and safranin, and (c) pH Effect on removal percentage.
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Fig. 10. Magnetite nanoparticles applied of Dyes (a) malachite green, (b) safranin and (c) chrystal violet.
TasLE I
CoMPARISON OF CV, MG AND S ADSORBENT IN DIFFERENT ADSORBENT MATERIALS
Adsorbents Dyes Adsorption capacity (mg/g) References
Sagaun sawdust 3.5 (Khattri and Singh, 2012)
(PNIPAm) nanocomposite (CPN) hydrogels 1.2 (Zhang, et al., 2014)
CaFe,0, magnetic nanoparticles (MNPs) 10.68 (An, et al., 2015)
Clay/poly (N-isopropyl acrylamide)
Magnetite Alginate 37.5 (Elwakeel, et al., 2017)
BC-PKS 24.45 (Kyi, et al., 2020)
Fe,0,-NPs 139 This study
Fly ash 0.219-0.644 (Khan, et al., 2009)
Neem sawdust (Azadirachta indica) 4.354 (Khattri and Singh, 2009)
Orange peel 1.744 (Abdurrahman, et al., 2013)
Activated Carbon (AC) 28.8 (Lam, et al., 2017)
Fe,0,-NPs 15.6 This study
Natural Raw Kaolinite (NRK) clay 15.6 (Adebowale, et al., 2014)
Pineapple peels 21.7 (Mohammed, et al., 2014)
Iron oxide/sepiolite magnetite composite 18.48 (Fayazi, et al., 2015)
Tea waste powder 14.814 (Nehaba, et al., 2019)
Activated Carbon 20.04 (Nehaba, et al., 2019)
Fe O,-NPs 14.4 This study

CV: Chrystal violet, MG: Malachite green, S: Safranin, Fe,O,-NPs: Magnetite nanoparticles

V. CONCLUSION

Fe,O, nanoparticles were successfully synthesized through
the green method of utilizing aqueous plant extracts of GT, as
characterized by FT-IR, XRD, EDX, SEM, TEM, and VSM
techniques. The photochemical present in aqueous leaf extract
of GT can act as a reducing, stabilizing, and capping agent for
the preparation of megnatied Fe,O,-NPs. The average particle
size of the particles was measured at 29.9 nm. The magnetic
Fe O, nanoparticles in magnetization curve illustrates their
superparamagnetic characteristics at room temperature, with a
magnetization value of 48.6 emu/g. The prepared nanoparticle
was successfully applied to remove CV, MG, and S dyes from
prepared aqueous solutions with the adsorption capacity of
13.9, 15.6, and 14.4 mg/g, respectively.
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