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Abstract

The paper is concerned with the synthesis and the characterization of
nanotrapped iron oxide thin films obtained by pyrolytic degradation of 4-
ferrocenylaniline over fluorine-doped tin oxide (FTO) surfaces using 4-
The synthesized films
nanostructured morphologies and excellent photocatalytic action hence, promise
in the applications of the environment and optoelectronics. The 0.1 gand 0.125
g precursor were subjected to pyrolysis at 500 °C to make homogeneous and

Ferrocenylaniline as iron source. have unique

adhesive layers. The presence of pure iron oxide nanofilms was confirmed by the
use of Scanning Electron Microscopy (SEM), Energy Dispersive X-ray
Spectroscopy (EDX) and Fourier Transform Infrared Spectroscopy (FTIR). The
degradation of the methylene blue in sunlight under the photocatalytic catalysis
of the dissolved methylene blue showed that the 0.1 g sample S1 was more efficient
in degradation the dye because it had a thinner, porous morphology. The paper
emphasizes the prospects of 4ferrocenylaniline as a new organometallic precursor
to provide economical synthesis of catalytic nanofilms regarding an easy simple
pyrolytic process.

non-toxic, and highly effective photocatalysts for

tailoring the structural and functional properties of
materials down to the atomic and molecular scales,
thereby enabling the emergence of novel physical,
chemical, and electronic behaviours (Manjunatha
etal., 2016; Madkour et al., 2019). Among the diverse
classes of nanostructures, metal-oxide nanomaterials
have garnered particular interest due to their
distinctive  optical, = magnetic, and  catalytic
characteristics (Chavali & Nikolova, 2019).

oxides, in particular, stand out as inexpensive,

Iron

environmental remediation (Ali et al., 2016;)

Iron-oxide nanomaterials can be produced in bulk via
several physicochemical routes, including sol-gel
synthesis, co-precipitation, and pyrolysis (Campos
etal., 2015; Sun etal., 2014). Pyrolysis is especially
attractive because it is cost-efficient, amenable to
continuous operation and allows precise control over
particle nucleation, growth and film deposition on
substrates (Bang & Suslick, 2010). The resulting thin
films can exhibit a wide variety of morphologies that
depend on precursor composition and reaction
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parameters; these morphological traits exert a
powerful influence on photocatalytic performance
(Lee etal., 2011; Nanda, 2015).

Recently, there has been intense interest in the
photocatalytic degradation of organic dyes, most
notably methylene blue, as a green strategy for
wastewater treatment (Fujishima & Honda, 1972;
Khakpour et al., 2018). Semiconductor catalysts such
as TiOy, ZnO, and Fe;O3, which possess small band
gaps and high chemical stability, are widely employed
for this purpose (Sivula & Gratzel, 2013). Iron-oxide
thin films, when deposited on conductive
fluorine-doped tin oxide (FTO) substrates, exhibit
pronounced sunlight absorption and efficient
electron-hole separation, making them particularly
attractive for solar-driven degradation of pollutants
(Aroutiounian etal., 2007; Ramimoghadam
etal., 2014).

The present study investigates the fabrication,
structural  characterization and  photocatalytic
behaviour of nanostructured iron-oxide thin films
obtained by pyrolyzing 4-ferrocenylaniline. Two
different sample loadings (0.1 g and 0.125g) were
employed to explore the influence of precursor
concentration on film morphology and subsequent
photocatalytic activity in MB degradation under
natural sunlight. By correlating morphology with
photocatalytic performance, this work aims to
elucidate structure-activity relationships that can
guide the design of efficient iron-oxide-based
photocatalysts.

Materials
The reagents were of the analytical quality. The raw
materials used were, 4-ferrocenylaniline (C;;H ¢FeN),

Work Scheme

ethanol, ammonium  hydroxide (NH,OH),
hydrochloric acid (HCI), and distilled water. Such
conductive substrates were fluorine-doped tin oxide
(FTO) coated glass slides. The slides were cut in 1 x 1
inch squares, ultrasonically cleaned with ethanol and
dried at 95 °C prior to deposition.

Method

In each experiment, 0.1 g and 0.125 g of 4-
ferrocenylaniline were sequentially weighed and put
in to a clean small crucible. The conductive side of the
FTO substrate was placed facing downwards over the
crucible to be in direct contact with vapors generated
in the process of pyrolysis. The mixture was fired in
an electric furnace at 500 °C for a period of 30
minutes. Iron oxide vapors were formed during
heating by thermal decomposition of 4-
ferrocenylaniline and condensed on the FTO surface
forming a reddish-brown thin film. The slides were
annealed at 750 °C to improve surface morphologies
and smooth crystalline growth.

Iron Oxide Thin film is prepared by fabrication.
Pyrolysis method enables the direct conversion of the
organometallic precursor to oxide films to take place
on the substrate. The amine group of 4
ferrocenylaniline enhances uniform nucleation by
coordinating with centres of iron during
decomposition. The 0.1 g precursor (sample S5) had
produced a thin and porous film whereas the 0.125 g
precursor (S6) had produced a thicker film with
increased particle agglomeration. The films used in
both the films were well-bounded and were very stable
in the ambient conditions.

Washing and preparations of FTO substrates. Weighing of 0.1 g and 0.125 g 4-ferrocenylaniline. Pyrolysis at 500 °C
for 30 minutes in an electric furnace. Annealing at 760 °C for 10 minutes. FTIR, SEM and EDX characterization.
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Figure 1; Working scheme of synthesis of iron oxide thin-film on FTO substrates

Testing of photocatalytic activity of methylene blue
in the presence of sunlight.

Dye Degradation Catalytic Ability.

Methylene blue dye (10mg/L) was used to study
photocatalytic performance. Every thin film sample
was placed in a 50 mL of dye solution and subjected
to sunlight being stirred continuous using magnetic
stirrer. The degradation was monitored at UV/Vis
spectroscope which recorded 665 nm absorption

band initially. The absorbance intensity was
decreasing progressively with time implying that the
dye was decomposing. This is because the 0.1 g film
was found to be more active since it had a higher
surface area and more light penetrated through the
porous structure.
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Characterization

The FTIR spectra established the development of Fe-
O stretching vibration around the 472-492 cm™. SEM
micrographs indicated clear cluster of platelets on the
nanoscale in heaps. The EDX spectra indicated that
only peaks of iron (Fe) and oxygen (O) were obtained
Figure 2 displays a scanning electron microscopy
(SEM) image of the bare fluorine-doped tin oxide
(FTO) glass substrate at a 1 um magnification, taken
before the deposition of the iron-oxide thin film. The

and confirms that there has been a stoichiometric
formation of Fe,O; with limited impurities. The films
were both optical and mechanically adherent on FTO
surface.

Morphological Analysis

micrographs show that the FTO glass is composed of
a network of interconnected crystalline grains,
forming a uniformly distributed polycrystalline
fluorine-doped tin oxide structure.

54800 15.0KkV 8.2mm »50.0k SEMHI

Figure 2: SEM of bare FTO

The morphology with Ferrocene 0.1 g and 0.125 g

SEM images captured on different zooming have
shown that the examined fabricated with 0.1 g of 4-
ferrocenylaniline (S5) exhibited a platelet structure of
porous structure evenly-distributed on the FTO
substrate. The nanoscale grains were assembled into
loosely packed aggregates thereby increasing sites of

reactive surfaces with which to provide photocatalysis.
S6 (0.125 g) film had more compact stacks of platelet
with a nanocrystal into the film. The high uniformity
of the film was not associated with high catalytic
performance due to the reduced penetration of light
its thickness provided.
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Figure 4: SEM images of 0.125 g 4-ferrocenylaniline loaded Iron Oxide thin film on FTO

Elemental Analysis

Figures 5 and 6 present the Fe (Lal) and O (Kal) EDS maps of the thin film. The red Fe signal reveals a smooth,
homogeneous distribution of iron across the surface, while the green O map shows a similarly uniform oxygen
coverage. Together, these data confirm the successful formation of iron oxide on the FTO substrate, with no
detectable depletion or agglomeration zones.
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Figures 5 and 6: Elemental an Analysis of Thin Film Catalysts Using EDX

Conclusion

The pyrolysis of 4-ferrocenylaniline is an easy,
inexpensive and repeatable method of creating
nanostructured iron oxide thin coatings. The amine
group on the precursor improves the interaction and
uniform nucleation, the films of the amine group have
been observed to exhibit high morphological
uniformity and have a high photocatalytic activity.
The 0.1 g film showed the highest level of degradation
of the dye because of its thin and porous structure that
enabled a good deal with the photon absorption and
the transfer of charge. The research supports the
finding that 4-ferrocenylaniline is a good
organometallic precursor that can be readily used to
achieve effective photoactive coatings in remediation
of the environment and solar applications.
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