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Fig. 3- XRD pattern of Fe20s@ZnO core-shell nanoparticles, According to the standard cards, the
Miller indices for Fe2Os and ZnO are marked in blue and red, respectively (S1 and S2 are spherical
samples with an average diameter of 47 and 28 nm, respectively, and S3 is a spindle-shaped sample
with an average diameter of 19 nm)
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Fig. 4- TEM images of Fe20s@2ZnO core-shell nanoparticles (S1 and S2 are spherical samples with
an average diameter of 47 and 28 nm, respectively, and S3 is a spindle-shaped sample with an
average diameter of 19 nm)
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Fig. 5- a) UV-vis absorbance spectra, and b) Calculation of optical gap of Fe20s@ZnO core-shell
nanoparticles (S1 and S2 are spherical samples with an average diameter of 47 and 28 nm,
respectively, and S3 is a spindle-shaped sample with an average diameter of 19 nm)
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Fig. 6- Time-dependent absorption spectra and color change images of RhB solution after
photodegradation, along with the C/Co graph according to the irradiation time for Fe2O3@2ZnO core-

shell nanoparticles (S1 and S2 are spherical samples with an average diameter of 47 and 28 nm,
respectively, and S3 is a spindle-shaped sample with an average diameter of 19 nm)
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Table 1- Comparison of photocatalytic performance of Fe2O:@2Zn0O core-shell nanoparticles
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Introduction

The existence of clean water without any kind of pollution is essential for the continuation of life
on earth and for the preservation of human health. In recent years, a large amount of water resources
has been severely polluted due to human activities. Among the various pollutants, dyes are widely used
in various industries such as paper, plastic, leather, textile and paint (Dilshad et al., 2025). These dyes
are one of the most important factors in the pollution of water resources and pose irreversible risks to
human health. So far, various methods have been investigated to remove these pollutants from water,
among which the photocatalytic method is a very suitable approach for dealing with such pollutants,
in which these organic substances are converted into non-toxic minerals such as H>O and CO;
(Saravanan et al., 2021). The use of ZnO semiconductor nanoparticles is of great interest due to its
availability and cheapness, direct band gap, and high oxidation capacity (Buckley et al., 2025). Despite
the good performance of ZnO photocatalyst in the degradation of various pollutants, factors such as
recombination of charge carriers and the limitation of the use of visible light due to its large band gap
affect the photocatalytic activity of ZnO (Kadhim et al., 2023). The use of other semiconductors along
with ZnO can improve the activity of this photocatalyst by reducing the recombination rate of carriers
and increasing the absorption of visible light (Liu et al., 2024). Meanwhile, among various
semiconductors, Fe;O; is used as a photocatalyst in the visible region due to its narrow band gap, high
resistance to photon decay, thermodynamic stability, low cost, and environmental friendliness (Kargar
Dehbidi and Farbod, 2024). On the other hand, the photocatalytic activity can be improved by using
core-shell structures (Shafiee et al., 2022). As a result, it seems that the use of core-shell Fe.O3; @ZnO
nanoparticles and optimizing the core size and shell thickness can improve the photocatalytic activity
(Ninakanti et al., 2024).

In this study, Fe:O3@ZnO core-shell nanoparticles with diameters of 47 and 28 nm and ZnO shell
thicknesses of 6 and 12 nm, respectively, and spindle-shaped nanoparticles with diameters of 19 nm
were successfully synthesized using simple aqueous solutions and inexpensive reagents. Subsequently,
the photocatalytic activity of these nanoparticles was evaluated by the degradation of water-soluble
Rhodamine B (RhB) dye under UV irradiation.

Methodology

This study seeks to answer the following questions: What effect does changing the shape and size
of FexO3@Zn0O nanoparticles have on the photocatalytic performance of this nanostructure? What
effect does increasing the shell thickness in the form of the Fe;O3@ZnO core-shell structure have on
the photocatalytic performance of this nanostructure? To what extent is the photocatalytic performance
of the nanoparticles studied in this study comparable to previous similar studies?



For this purpose, core-shell Fe.O3;@ZnO nanoparticles were first synthesized, then the
photocatalytic activity of these nanoparticles in the photocatalytic removal of Rhodamine B dye under
UV irradiation was studied. The photocatalytic degradation efficiency was calculated by measuring the
absorption spectrum of the dye solution and using the equation (1) (Anjaneyulu et al., 2018):

A 0~ At
Degradation efficiency (DE%) = ——— x 100 (D)
Ag
Where Ay is the initial concentration and A; is the dye concentration after photocatalytic reaction at
different time intervals (t).

Results and Discussion

In order to investigate the phase and purity of Fe,O3;@ZnO core-shell nanoparticles, the XRD
pattern of these nanoparticles was studied. The studies showed that all samples were synthesized with
high purity. On the other hand, in these samples, the Fe,O3 cores have a rhombohedral corundum phase
and the ZnO shells have a hexagonal phase. The size and morphology of the fabricated nanoparticles
were studied using TEM images. The studies indicated that two samples of Fe,O3@ZnO core-shell
nanoparticles are spherical with an average diameter of 47 and 28 nm and shell thicknesses of 6 and
12 nm, respectively, and one spindle-shaped sample with an average diameter of 19 nm. Subsequently,
the optical properties of these nanoparticles were investigated using UV-vis absorption spectra. The
results showed that these nanoparticles have absorption in both visible and ultraviolet regions. This
can indicate the high potential of Fe:O3;@ZnO core-shell nanoparticles as photocatalysts in the
destruction of various pollutants using sunlight. Also, in the spindle-shaped sample, the absorption rate
in both visible and ultraviolet regions has increased significantly. Next, the optical gap of the core-
shell nanoparticles was calculated using the Tauc method, and finally the optical gap for spherical
nanoparticles was 2.63 and 2.79 eV and for spindle-shaped nanoparticles was 3.07 eV, which indicates
their application potential as photocatalysts. On the other hand, the optical gap increased with
decreasing the diameter of the nanoparticles and increasing the thickness of the ZnO layer. Finally, the
irradiation time-dependent absorption spectrum and color change images of RhB solution after
photocatalytic degradation along with the normalized C/Cy concentration curve of the dye were studied
for Fe;O3@ZnO core-shell nanoparticles. With increasing irradiation time, the intensity of the
characteristic absorption peak of RhB gradually decreases, which means the photocatalytic degradation
of RhB dye by Fe.O3; @ZnO core-shell nanoparticles. The photocatalytic degradation was about 78%,
83% for spherical samples and 86% for spindle-shaped samples after 300 min.

Conclusions

In the present study, Fe:O3@ZnO core-shell nanoparticles in spherical and spindle shapes were
successfully synthesized. Structural analysis of these nanoparticles showed that these nanoparticles
have high purity. In all samples, Fe>Os cores had rhombohedral corundum phase and ZnO shells had
hexagonal phase. The average diameter of spherical nanoparticles was 47, 28 and 19 nm for spindle-
shaped nanoparticles, respectively. The optical gap was 2.63 and 2.79 eV for spherical nanoparticles
and 3.07 eV for spindle-shaped nanoparticles, indicating their potential as photocatalysts. On the other
hand, it can be observed that the optical gap increased with decreasing the diameter of nanoparticles
and increasing the thickness of ZnO layer. Next, the photocatalytic activity of these nanoparticles was
investigated. The spindle-shaped Fe,O3@ZnO core-shell nanoparticles showed better photocatalytic
performance than the spherical nanoparticles by destroying approximately 86% of RhB dye in 300
min. It is worth noting that, in this study, the photocatalytic performance of Fe.O3;@ZnO core-shell
nanoparticles in the removal of rhodamine B dye was investigated. Rhodamine B dye is known as a
type of organic pollutant in water, and as a result, in future studies, Fe,O3;@ZnO core-shell
nanoparticles can be used to remove other organic pollutants in water by photocatalytic method. Since



organic pollutants constitute a significant part of the pollutants in water, in the future, the use of the
photocatalytic activity of Fe.O3@ZnO core-shell nanoparticles in various treatment plants can be
considered.
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