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Abstract: To elude the toxic effects of chemically synthesized nanoparticles, the phytochemically
synthesized nanoparticles may provide a better alternative. For the first time, an aqueous extract of
Juncus inflexus shoot with FeCl;6H,O was used for the phytosynthesis of iron oxide nanoparticles
(FeONPs). As-synthesized FeONPs were characterized by UV-Vis spectroscopy, Transmission
electron microscopy (TEM), Dynamic light scattering (DLS), X-ray diffraction (XRD), and Fourier
transform infrared spectroscopy (FTIR). FeONPs showed UV-vis absorption spectra between 300-400
nm, whereas TEM analysis confirmed the particle sizes of 40-60 nm with aggregation. XRD is
confirming the polymorphic composition of Fe;04, a-Fe,03, and Fe® nanoparticles. Furthermore, FTIR
analysis presenting the most probable mechanism for the synthesis of FeEONPs. This multiphase
FeONPs was applied for the decolorization of methylene blue dye (>83%). Phytosynthesized FeONPs
have the benefits of low cost, no toxicity, sustainable, and eco-friendly technology so that they may be
used as adsorbent/catalyst for remediation of toxic dyes in an aqueous medium.
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1. Introduction

For the last few decades, Nanobiotechnology has enlightened a generous increase in
the synthesis of materials of various types at the nanoscale level (1-100 nm) [1]. The
importance of these materials was realized when researchers found that morphology can
influence the physicochemical properties of substances due to the high surface-to-volume ratio,
surface energy, spatial confinement, and reduced imperfections. Metal nanoparticles have
distinctive physical, chemical, electronic, electrical, mechanical, magnetic, thermal, catalytic,
dielectric, optical, and biological properties in contrast to bulk materials [2]. Iron oxide
nanoparticles (FeONPs) exist with different polymorph (a-Fe203, y-Fe203, FesOas, and FeO)
structures [3]. Among all other metal nanoparticles, FeONPs have widely studied the material
and possess tremendous applications as photocatalysts, sensors, fine ceramics, plant growth
regulators, water purification, medical applications, data storage materials, pigments,
anticorrosive agents [4], and photoelectrochemical cells [5].

To date, many strategies have been employed to synthesize the FeONPs with different
morphology and purity. The building up approach to synthesize FeONPs includes various
physical and chemical methods as hydrothermal synthesis [6], co-precipitation [7], ultrasound-
assisted synthesis [8], microwave-assisted synthesis [9], microemulsion [10], and y-irradiation
synthesis [11] are well known. Between these various methods, successful green chemistry
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preparation of FeONPs via phytochemical/ plant extract as reducing and stabilizing agents is
an alternative co-precipitation method, owing to its simplicity, economically viable, eco-
friendly, biocompatible, safe, and cost-effective [12, 13]. It includes phytosynthesis of FeONPs
using aqueous extract of Amaranthus dubius [14], Dodonaea viscosa [15], Andean blackberry
[16], Ruellia tuberosa [17], Omani mango [18], Peltophorum pterocarpum [19], Laurus
nobilis [20], Daphne mezereum [21], Cucurbita moschata [22], and Moringa oleifera leaves
[23], Beta vulgaris stalks [22], Syzygium aromaticum buds [24], Citrus paradisi [3], Korla
fragrant [25], and Punica granatum rind [26], Cornus mas[5], Withania coagulans[26],
Passiflora tripartita [27] and Ficus carica fruit [28], Fenugreek [7] and Punica granatum seed
[30], Avicennia marina [31] and Hibiscus rosa-sinensis flower [32].

Juncus inflexus plant is among the most common and valuable fiber plants that belongs
to the Juncaceae family and is distributed worldwide. They are epiphyte that appears like long
grass and commonly referred to as the rushes. This plant is used to produce traditional mats,
baskets, and other craftwork items [33]. Its shoot contains several groups of natural
compounds, including flavonoids, coumarins, terpenes, sterols, phenolic acids, lignin,
stilbenes, dihydro-dibenzoxepin, carotenoids, and phenanthrenes (monomeric and dimeric)
[34].

Based on the aforementioned facts, this work describes, for the first time, the
phytosynthesis of FEONPs by using an aqueous extract of Juncus inflexus shoot with
FeClz.6H20 and characterized by UV-Vis spectroscopy, Transmission electron microscopy
(TEM), Dynamic light scattering (DLS), X-ray diffraction (XRD) and Fourier transform
infrared spectroscopy (FTIR). Schematic representation for green synthesis of FeONPs using
Juncus inflexus shoot extract is shown in Figure 1. These nanoparticles were further used as
adsorbent/ catalyst in a preliminary application to remove harmful cationic dye, methylene blue

(MB), in an aqueous medium.
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Figure 1. Schematic representations for green synthesis of FEONPs using Juncus inflexus shoot extract.
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2. Materials and Methods

2.1. Materials.

Analytical grade FeCl3.6H20 (99.0 %)and methylene blue (MB, 98.5%), and NaOH
were purchased from BDH Chemicals, India. Ultrapure water was used for the preparation of
https://biointerfaceresearch.com/ 3791
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all solutions. Juncus inflexus plants were collected on 18" December 2018 from the riverside
of Subarnarekha River, Mau Bhandar, Jharkhand, India.

2.2. Extraction of phytochemicals from Juncus inflexus.

The collected plant was shade dried for 3 weeks and crushed into small pieces using a
motor and pestle. 1 g of dried Juncus inflexus shoot powder was added to 50 mL distilled water
containing 2 mL ethanol; heated (80-90°C) for 20 min. After cooling, the yellowish color J.
inflexus extract was filtered using Whatman paper no.1 and maintain its volume up to 100 mL
using water in 100 mL Erlenmeyer flask and stored at 4 °C for further use.

2.3. General procedure for the synthesis of FeONPs.

In a typical reaction procedure, 3-4 mL of Juncus shoot extract was added to 20 mL
containing FeCls (10 mM), and pH is adjusted >9, using 5% NaOH solution, then the solution
was placed under vigorous magnetic stirring for 60 mins at 80 °C till the brownish-black color
solution completely replaced yellowish red color, indicated the formation of FeONPs. The
resulting iron oxide nanoparticle was centrifuged thrice at 5000 rpm for 10 min and washed
several times with water: ethanol (1:1) mixtures. The purified nanoparticles powder was dried
at 80 °C for 48 h and then stored in an airtight bottle for further analytical characterization.

2.4. Adsorption activity.

In order to evaluate the adsorption ability of FeEONPs, MB dye was used for a model
experiment under atmospheric pressure in single-use at 23-25 °C was performed. 50 mg
FeONPs was mixed with 10 mL of MB (20 mg/L) in a glass tube at pH 6 and kept at room
temperature after vortexed for 10 sec. Then, the sample containing a glass tube was properly
capped and shaken at 120 rpm. The progress of the adsorption of dye on the surface of FeONPs
was monitored by measuring the absorption of MB in the filtrate at the wavelength 664 nm,
using a UV-vis absorption spectrometer, and the adsorption percentage of MB was calculated
using Eq. (1).

N = (Ao-Ag)/Ao X 100% 1)

where n is the rate of removal of MB in terms of %, Ao is the initial absorbance of the dye
solution, and At is the absorbance of the MB at time t. [3]

2.5. Analytical characterization of FeONPs.

The optical properties of samples containing extracts and FeONPs were confirmed by
UV- visible, single beam spectrophotometer (LABMAN, China) and graph plotted on the
Origin 6.1 program. The hydrodynamic size distribution of FeONPs was analyzed in a dynamic
light scattering (DLS) instrumentation from HORIBA, Japan. Morphology and selected area
electron diffraction (SAED) pattern of as-synthesized FeONPs were determined using
transmission electron microscopy (TEM) by FEI Tecnai. X-ray Diffraction (XRD) analyses on
thin films of the nanoparticles were carried out using a BRUKER D8 ADVANCE brand 6-26
configuration (generator-detector) X-ray tube copper 2 = 1.54 A and LYNXEYE PSD detector.
The FTIR-ATR spectra were collected in the transmission mode (4000-650 cm™) using a
Perkin Elmer spectrophotometer (Model RZX). The pH measurements of the metal ion solution
were done by using a pH meter.
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https://doi.org/10.33263/BRIAC123.37903799
https://biointerfaceresearch.com/

https://doi.org/10.33263/BRIAC123.37903799

3. Results and Discussion
3.1. UV-Vis and Visual analysis.

UV-Vis absorption spectra of an aqueous solution of the J. inflexus shoot extract were
observed in the absence and presence of Fe3* ions (Figure 2). It was found that the absorbance
of J. inflexus extract is altered significantly and interacts with the Fe®* ion, and confirmed the
formation of FeONPs. The absorbance of the reaction solution decreased in the range of 300-
400 nm with respect to J. inflexus shoot extract, whereas the absorbance peak around 300-550
nm of FeCls was also disappeared. It may be due to the involvement of bio-molecules like
polyphenols and lignin-containing hydroxyl, carboxylic and carbonyl groups of J. inflexus for
the synthesis of nanoparticles (E°rd of flavonoids/polyphenolic = 0.3-0.8 V whereas, the E°red
of Fe®" to Fe?* and Fe?* to Fe is just 0.77 V and — 0.44 V) [17]. The visual color change from
yellow plant extract into dark brown or brownish-black (Inset: Figure 2a-c) and their absorption
peak confirmed the formation of spherical or pseudo spherical FeONPs and consistent with the
earlier report [3, 14, 15, 29].
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Figure 2. UV-Vis and visual analysis of (a) FeCls, (b) Juncus inflexus shoot extract, and (c) as-prepared
FeONPs.

3.2. TEM, SAED and DLS analysis.

TEM is based on the electron transmittance principle so that it can provide information
on the different morphologies and layering of material from very low to higher magnification.
TEM micrograph of FeONPs synthesized using J. inflexus has shown in Figure 3. It was found
that the FeONPs were prepared by J. inflexus spherical in shape and size ranges from 40-60
nm. All nanoparticles were surrounded by J. inflexus extract. Due to the magnetic nature of
iron, most of the FeONPs were aggregated. SAED image (Figure 3b1) confirmed the semi-
crystalline and spherical nature of as-synthesized FEONPs [3, 15]. The hydrodynamic size
distribution of FeONPs was determined by the DLS method (Figure 4). It reveals the formation
of FeONPs having an average particle diameter of 196.5+ 72.9 nm with a polydispersity index
(PDI) = 0.1367. PDI > 0.1, clearly indicates that as-synthesized FeONPs were polydispersed.
https://biointerfaceresearch.com/ 3793
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The obtained size in DLS differs from TEM images either due to the aggregation of FeONPs
by forming a thin layer of phytochemicals surrounding the nanoparticles or screening smaller
nanoparticles by bigger particles [3, 28].

Figure 3. (a, b, c) TEM images and (b1) SAED pattern of as-prepared FeONPsusing J. influxes shoot extract.
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Figure 4. DLS size distribution pattern of as-prepared FeONPs using J. inflexus shoot extract.
3.3. XRD and FTIR analysis.

XRD reveals the structural properties of nanoparticles. Figure 5 shows the XRD
diffraction pattern of as-prepared FEONPs obtained from J.inflexus shoot extract. It confirms
that as-prepared FeONPs nanoparticles are polymorphic composition and containing a mixture
of FesOsand ¢-Fe203. On comparing with ICSD No: 01-088-2324, a very small amount, 3.5%
of Fe (0), are also present. The 26 peaks are indexed as 111 and 220 to the crystal planes of
FesOa4 [16, 17, 24, 26], whereas 012 and 113 are attributed for a-Fe203[3, 24, 30], respectively.
The interactions between Fe®* ions precursor and extracts J. inflexus extract were hypothesized
by FTIR spectrum analysis. FTIR spectrum of J. inflexusextract capped FeONPswas is shown
in Figure 6.The absorption peak at 3320 cm™ corresponds to O—H stretching vibrations, a
feature of alcohols and phenols [30] whereas, a weak absorption peak at 2927 cm™ is attributed
to C-H aliphatic vibrations of J. inflexus phytochemicals (cellulose and hemicellulose) coated
FeONPs [30, 33-36]. The strong peak at 1601 cm signifies the presence of a strong C=0/ C=N
bond resulting from stretching vibrational mode in the lignin-coated FeONPs. Other peaks at
1396 and 1044 cm™ indicate the existence of C-H bending and C-OH/ C-O-C stretching
vibration of the phenolic group and cellulose backbone [3, 24]. These absorption peaks are
slightly different from the earlier reported FTIR peaks of Juncus. The FTIR analysis helped
identify bio-molecules like flavonoids, coumarins, terpenes, sterols, phenolic acids, lignin, etc.,
which involved the synthesis and stabilization of FEONPs. The hydrophilicity of J. inflexus
phytochemicals (-COOH, -C-OH, -NH2) can bound the surface of the nanoparticles via H-
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bonding and causing aggregation [13, 34, 36]. The obtained FTIR result is in agreement with
the UV-Visible, TEM, and DLS results.

Multiphase FeONPs
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Figure 5. XRD pattern of as-prepared FeONPs using J. inflexus shoot extract.
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Figure 6. FTIR spectrum of FeONPs prepared by J. inflexus shoot extract.
3.4 Adsorption of MB on the surface of FeONPs and its suggested mechanism.

As a well-known separation process, adsorption has been widely applied to remove
chemical pollutants from wastewater due to its simplicity, cost-effectiveness and insensitivity
to pollutants. Therefore, FEONPs are currently being explored as an effective and low-cost
adsorbent with high adsorption capacity for organic pollutant removal. A strong external
magnetic field is more recommended [37]. Figure 7 shows the initial screening of the
adsorption/degradation of MB from aqueous synthetic solutions by using J. inflexus-FeONPs.
As shown in Figure 7, the adsorption activity of as-synthesized FeEONPs increases with the
increase of contact time. The amount of MB removed was increased steadily by decreasing
intensity at 664 nm corresponding to the n—x* transition of MB. The decolorization capacities
for FeONPs were reached within 120 mins. MB is a thiazine-based blue color cationic dye that
is used as an anti-malarial, chemotherapeutic agent, colorant in the textile industry, and sulfide
ions analysis [38]. Excessive MB in water bodies is toxic and toxic and can be harmful to
human health, creating difficulties in breathing, vomiting, diarrhea, and nausea [16, 39]. The
removal efficiency rate (n) of MB was 67.33 and 83.06 % for 60 and 120 mins. It can be seen
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that the color of MB drastically faded to colorless after 120 mins at the natural pH (Figure 7,
Inset).
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Figure 7. Adsorption of MB dye using 50 mg of as-prepared FeONPs for 60 and 120 mins (Inset: It shows a
visual picture of MB before and after addition of FeONPs for 120 mins).

Surface complexation via electrostatic interaction has been demonstrated as the
dominant mechanism for the sorption of organic acids on metal oxide surfaces under most
solution conditions [38, 40].

Figure 8. Suggested mechanism for adsorption of MB dye on the surface of as-prepared Fe-ONPs.

This study suggested the adsorption of the MB containing the —NR2 on the surface of
FeONPs. At normal pH values 6~7, there are fewer hydrogen ions to compete with the cationic
dye pollutants for the adsorption sites of FeONPs. Indeed, a high concentration of -OH, -COO"
, and negative charges surface of the nanoparticles (Figure 8) enhancing the attraction and
adsorption of cationic dyes; thus, increasing the removal efficiency [41]. Similar adsorption
activity has been reported by Kumar et al., 2020 [3] and Cheera et al., 2016 [42] for green
synthesized FeONPs from peel extracts of Citrus paradisi, and Ridge gourd, which caused
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80% and 96 % degradation of MB dye. The removal efficiency of cationic dyes on the surface
of FeONPs was enhanced at normal pH. Further work will be needed to optimize the MB
decolorization procedure using different metallic nanoparticles. This process is of great
industrial interest, and the use of agricultural waste in nanoscience offers a sustainable and eco-
friendly approach for wastewater treatment.

4. Conclusions

This report demonstrated that multiple phase FeONPs can be obtained from FeClz 6H20
in the presence of J.inflexus extract via the green synthesis route. The obtained FeONPs are
spherical in shape with sizes 40-60 nm. The phytosynthesized FeONPs were characterized by
UV-Vis spectroscopy, TEM, DLS, XRD and FTIR techniques. As-synthesized FeONPs
displayed potential degradation activity against the MB dye (~83%). The method may be
scalable for industrial production since it needs widely available J.inflexus and lacks any
special condition for reactant addition. The benefit of nanoremediation, using green
synthesized FeONPs, can favor the cost-effective and eco-friendly decontaminate of toxic dyes
on a large scale.
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