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The most frequent method of removing malignant growth-causing tones from current effluents before releasing
them into water sources such as rivers, lakes, and groundwater has become standard. Traditional waste-water
treatment frameworks have trouble getting rid of these contaminants. This is a unique flavonoid that uses
Fe304 nanorods as photocatalytic agents to corrupt material tone in the watery stage utilizing observable light
enlightenment. Green technique was used to amalgamate CAF@Fe304 nanorod like gems. Disappearance of the
bright (UV) maintenance top at 565 nm confirmed the elimination of Methyl orange tone. After 110 min, the

sensational shading disposal of Fe304 nanorod was observed to be 100%. This is due to photochemical redox
process and the use of Fe304 nanorods with a high energy gap of flavonoids. The findings show that Fe3O4 rod-
like gems manufactured using green technology are extremely valuable in the photocatalytic annihilation of

hazardous contaminants.

1. Introduction

In this materialistic world, the most noxious modern poisons are
amalgamated to an exceptional degree in the ingredients used in food,
beauty care products, cowhide, paper, and plastic industries to enhance
its quality and shelf life. The majority of them are potentially toxic,
posing an unprecedented threat to the present status of the environment.
The tones were also commonly utilized in color creation [1-4] and in an
intravenous blend that induces true mutagenesis and malignant
growth-related diseases [5]. The most common physicochemical ap-
proaches include coagulation/flocculation, adsorption on initiated car-
bon, and layer filtration. In boondocks appealing, iron oxide
nanoparticles (Fe304 NRs) have been used in a variety of applications,
including recognition and separation of proteins to improve the affect-
ability of attractive reverberation imaging (MRI), immunoassay, and
designated drug conveyance [6,7]. In addition, nanoparticles have been
employed in an amazing way in the fields of catalysis [8], proton trade
layer, and biosensor [9]. Several iron oxides and their composites have
demonstrated to be an excellent asset for shading debasement by
adsorption [10,11] because of their large surface region to volume
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proportion and various nanostructures. Aqueous, sonochemical, minia-
ture emulsion, electrochemical, sol-gel, and co-precipitation processes
have all been used for the blend of Fe304 NRs [12,13]. The present study
has involved the incorporation and employment of cassica auriculata
bloom @ Fe304 NPs and uncovered their photocatalytic assessment and
synergist activity upon methyl orange (MO) color removal in a watery
medium (see Scheme 1).

2. Experimental method

The predetermined chemicals were utilized in De-ionized water
without any additional sterilization.

2.1. Preparation of bio-chelating agent

In the Soxhlet extruder, a soluble excavation of 5g CA powder was
allowed to react with 60% methanol and 37% HCl. The acquired
methanol extract was neutralized by 0.4mol NayCO3 schemes, and the
separated petroleum ether and ethyl acetate were dumped as multifold,
where the outer surface was faded. Cassica auriculata flower extract
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(CAF) was fractionated using instinct series of dilutions. The total vol-
ume of the obtained solution was 30 ml, and column chromatography
was used to fractionate them into six divisions. The obtained Flavonoids
separates were evaluated by adding 0.5 ml hydroxide and blending the
disassociated assessments, at room temperature. The yellow color
observed confirmed the presence of flavonoids in the Cassica auriculata
flower extract [11].
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(max = 565 nm), as seen in Fig. 5. (a).
3. Results and discussion
3.1. Electronic spectra

The electronic absorption bands of embedded Fe3O4NRs clearly
showed two shoulder bands, with band I (Flavonoid) at 248 nm. The

2.2. Architecture of recyclable FesO4 nanocatalyst

Fe3O4 MNRs were synthesized using a simple and eco-friendly
method. The systematic approach is slightly modified [14]. The archi-
tecture of 2g FeCl3.6H20 and 6.56 g sodium acetate were also used as
bio-catalytic agent (flavonoid 50 ml) that were combined at 70 °C for 2
h, the homogeneous mixture became black and the obtained black
product was then isolated [15,16].

2.3. Photo catalysis inspections (PCI)

The effect of flavonoid@Fe304NRs on textile color removal has been
investigated using photo-catalysis framework. In the investigation, 50
ml of 0.1 M methyl orange (MO) dye was blended with 10 mg of
FesO4NRs and exposed to UV light. A control (MO) set was also
employed in the absence of a catalyst. The purpose of the feed solution
was to maintain desorption equivalence to illuminate at regular in-
tervals. Subsequently, the chromophoric group was decomposed in the
presence of a catalyst under UV luminance (mercury lamp 120w) after
exposing it over a range of time [13]. The decomposition of color was
noticed due to the dramatic reduction of the absorption maximum at

spectra for phenolic compounds and flavonoids are traditionally seen in
the 210-290 nm range, and band II (Fe-O) observed at 402 nm was
immobilized flavanols @ Fe3O4NRs, as seen in Fig. 1 (a). The mecha-
nisms of formation of flavonoids (polyphenol group) containing
Fe304NRs were displayed in Scheme 1. This was due to the emergence of
Fe304NRs that was dependent on the crystallization growth mechanism
[17]. In this regard, the functional group assembling flavonoid group
was clearly characterized as it posses strong coordination, which was
demonstrated by the Fourier transform infrared [FT IR] spectrum. The
bandgap of FesO4NRs was elucidated by Tauc’s interactions in Fig. 1 (b).

ahv = C(hv—Ey)* )

Flavonoid@Fe304 NRs had a band gap of 2.5 eV, suggesting a strong
plasmonic effect and greater electrode potential of +33eV.

3.2. FT IR analysis
The appearance of broad peak at 3154 cm ™!, 2966-2228.7 cm™?,

1545 cm™!, 1399 cm ™Y, 1016 cm ! at 3154 cm ™! recommended as well
as proved the appearance of the flavonoids as seen in Fig. 2(a) [18].
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Scheme 1. Mechanisms of formation of Fe304 NRs using Flavonoids extracted
from CAF extract.

Fig. 2 (b) illustrated that the FTIR characteristic peak for Fe304 nanorods
was identified in 3469, 2094 and 1634 cm™!. Surprisingly, other bands
at 666 cm ! were attributed to the typical extending vibrations of Fe-O
bond [19]. Following that, the FTIR profile demonstrated the significant
role of the flavonoids (polyphenolic) group in bioactive molecules,
which reduced Fe®'/Fe?™ metal ions and adapted Flavonoid @
F6304NRS.

3.3. Crystal phase identification

The powder X-ray diffraction (XRD) study was used to determine the
crystallite structure of FegO4 NRs. The XRD description of Fe304 NRs
obtained using the flavonoid extract was shown in Fig. 3 (a) (CAF). The
XRD results of Fe304 NRs revealed six significant strong reflection peaks
at (200), (220), (311), (400), (422), (511), and (440), which were very
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Fig. 2. (a) functional group spectrum of Flavonoid extracted from CAF extract
(b) Functional group analysis of Fe;O, nanorods using cassica auriculata
flower extract.

well ordered to the cubic inverse spinal scheme of Fe304 NRs (JCPDS #
76-045), confirming the construction of Fe304NRs. Scherrer estimation
[20,21] was used to calculate the size of the crystalline phase.

D = KA/ CosO (2)

The calculated Fe304 NRs average crystallite size was 57.7 nm. Micro
strain of Fe304 NRs was calculated by using the equation

£ = p Cos0/4 3)
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Fig. 1. (a) UV -DRS spectrum (b) Tauc plot of synthesized Fe304 NRs.
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Fig. 3b. W-H plot of synthesized Fes04 nanorods using cassica auriculata
flower extract.

Dis-location density was derived using the below mentioned
equation

§ = 1/D? 4

The micro strain of Fe304 NRs was 0.807 10-3, and the dislocation
density was 8.751015. We could conclude from the outcomes that the
potent bioactive dislocation density of crystallite size and quantum
confinement divert has also aided in the colour cleanup process [22].
The W-H plot of Fe304 NRs were shown in Fig. 3 (b).

3.4. Morphological behavior of Fe304 nanoparticles

According to the electron microscopy (SEM) and transmission elec-
tron microscopy (TEM) assessment the size and surface morphology of
the Fe3O4 NRs were affirmed to be wired, pole molded. Fig. 4(a) and (b)
showed different amplifications of the SEM pictures of the Fe304 NRs
which obviously demonstrated wire-like shapes. Fig. 4(c) showed TEM
pictures of integrated FesO4 NRs which plainly portrayed bar like
design. The mean size of the nanorods was noticed to be 15-20 nm. The
bar like construction of Fe304 nanoparticles has instigated the solid ROS
extremists that assist in photocatalytic movement [23,24].

3.5. BET isotherm spectra analysis

The interfacial area test Brunauer-Emmett-Teller (BET) was utilized
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to survey the interfacial district of Fe3O4 nanoparticles. Different out-
comes like pore size and pore volume were inferred utilizing Barrett-
Joyner-Halenda examination. The findings revealed that the created
Fe304 NPs appeared to have a huge surface locale of 117.4 m? and 374.6
m?g! with 10.50 nm pore size and 0.278 cm®/g pore volume. Addi-
tionally, this would be viable for photocatalytic activity of methyl or-
ange color (MO) debasement. [Fig. 5a] illustrates the adsorption-
desorption isotherm plan chart of the combined Fe304 Nanoparticles
[25].

3.6. EDS analysis

The EDS evaluation of the Fe3O4 was shown in Fig. 6(b), which
clearly indicated the presence of Fe and O in the resulting material.

3.7. Magnetic properties of Fe304 by VSM analysis

Magnetic property of flavonoid @Fe304 NPs was estimated using a
vibrating test magnetometer (VSM) at room temperature. The room
temperature charge bend of the flavonoid @Fe304NPs was introduced as
shown in Fig. 6(a). Neither coercivity nor hysteresis circles with rema-
nence was noticed, which asserted the paramagnetic nature of flavonoid
@Fe304NPs. The immersion polarization (Ms) values was noted as 65
emu/g at room temperature, which was lower than mass Fe304(92 emu/
g) [26-28]. The lower Ms Value of flavonoid covered Fe304 NPs was
attributed to the measure, surface effect and covering of non-attractive
flavonoid on the outer layer of FegO4NRs.

3.8. Effect of pH

The influence of different pH (3, 5, 7, and 9) on the degradation
efficiency of Methyl orange (MO) was investigated, which is shown in
Fig. 8 (a). The effect of pH on the degradation of MO was examined by
changing the pH from 3, 5, 7 and 9 at a fixed amount of catalyst (0.5 g/L)
and constant MG concentration (10 mg/L). The change of color from
deep yellow changes to colorless with a rapid decreased slight hypo-
chromic shift which was found at 463 nm. It indicated that there would
be a cleavage of the conjugated chromophore structure of the MO which
would have occurred because of the formation of N-de-methylated
intermediates.

In the acidic pH of 5, the absorption peak at 619 nm confirmed the
adsorption of MO on Fe304 catalyst surface. It was found that degra-
dation occurs (99.9%) within 110 min at pH 5. Thus, the efficiency of the
degradation process was enhanced in the acidic medium, especially at
pH 5. Thus, the acidic medium favors the complete degradation of MO
on the catalyst surface.

3.9. Effect of catalyst dose

The amount of photocatalyst is another factor affecting the perfor-
mance of the photocatalyst. The photocatalytic study was conducted
under the conditions including source of irradiation, visible light, type of
photocatalyst (FesO4photocatalyst), the weight of photocatalyst 0.1,
0.3, 0.5, 0.7 g/L and concentration of MO dye solution (1 x 1075 M).
The effect of the loading of Fe304 heterogeneous photocatalyst on
degradation of MG dye is shown in Fig. 8(b). The results revealed that
photocatalytic activity increased 80-99% after 110 min upon increasing
the weight of the Fe304 photocatalyst from 0.1, 0.3, 0.5, 0.7 g/L. The
degree of decomposition reaction increases with increase in the reactive
sites on the catalyst, beyond which, it showed that the degradation
process was reduced because of the scattering of light. There was a
decrease in the penetration of light in the solution. When the amount of
catalyst was higher in the solution, the activated molecules becomes
deactivated by the collision of the lower energy molecules thereby
increasing the turbidity of the medium and reducing the penetration of
light leading to decrease in the reaction rate. Also, when the
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Fig. 4. (a) (b) Magnifications of the SEM images of the Fe304 NRs (¢) TEM image of synthesized Fe304 NRs.
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Fig. 5. (a) Ny Adsorption-desorption isotherm analysis (b) pore volume vs pore diameter synthesized Fe3O,4 nanoparticles.

photocatalyst absorbs the highest light the surface area becomes high, as

a result of agglomeration at higher concentration of catalyst [29,30].

4. Kinetic model

The active conduct of Fe304 nanorods on methyl orange color was

reviewed by photocatalytic technique (PCI) and Langmuir hinshelwood
system as followed:

In (C/Cy) = Kappt ()

The plot of the diagram In (C/Cyp) versus time for the Fe304 NRs were
viewed as 1.128 min ~! and furthermore pseudo first request dynamic
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model was displayed in Fig. 5 (b) [31,32].

4.1. Photocatalytic mechanism

When the material was exposed to light, there was excitation of
electrons from VB to CB, and shaping the electron-openings in the VB.
Moreover, the partition of charge and development of created charge

was transported to surface of Fe3O4 layer and then directed to the redox
interaction. The receptive oxygen (ROS) types of (h + yp) in Fla-
vonoid@Fe3O4nanorods are oxidation of methyl orange (MO) to
responsive intermediates revolutionaries (*OH) that can change over
into deterioration of water [13,21]. Degradation products such as CO,
Hy0. Fig. 7(c) showed that the reusability and solidness of fla-
vonoid@Fe304NRs were exceptionally steady which were assessed after
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Fig. 8. (a) Effect of pH (b) Effect of catalytic dose.
five cycles with solid viable nature [33,34] and good photostability.
5. Conclusion

As a result, the flavonoids @Fe304NRs was effectively accomplished
by greener way utilizing CR leaf extract. In this way, the recyclable and
photograph steadiness of FegO4NRs were determined with different
insightful portrayals. The magnetic properties of flavonoids covered
Fe3zO4nanorods were accomplished by the paramagnetic nature and the
immersion charge (Ms) values that were viewed as 65 emu/g at room
temperature. Moreover, the compelling color expulsion of flavonoid
@Fe304NRs was seen to be 100% at 110 min which was due to solid
dislocation-area thickness of 8.75 x 10'°, precious stone field fascina-
tion and responsive oxygen species (ROS) instrument that served addi-
tionally for quick response rate and simpler way to accomplish
decolorization cycle fast. The photo catalyst was reused up to five cycles,
which indicates the stability of the photo-catalyst.The flavonoid
@Fe304NRs could be utilized as promising agent for polluted water and
medicines, MRI, biosensors, and so on.
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