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Abstract.
Single-phase DyFeOs; nanoparticles with orthor i ite structure (space group
Pbnm) were synthesized and characterized suc -ray diffraction (XRD),
Rietveld refinement, scanning electron microscop -dispersive X-ray (EDX)
spectroscopy, and UV-Vis spectroscog firmed by XRD analysis
with lattice parameters a = 5.5631 A, = 5.5530 A, and the average
crystallite size of 136 nm. SEM showed anoparticles of approximately 123
nm size with some agglomerati (dissured stoichiometric elemental composition
and homogeneity. Optical i i ed direct band gap of approximately 2.01 eV
corresponding to O 2p r transitions. DyFeO3 nanoparticles showed
good photo catalytic a ont, effectively degrading several organic dyes

(AF, MB, RhB, gl 1o first-order kinetics, with the degradation rates dependent
[ affinity. These results illustrate that DyFeO3 nanoparticles
active, and efficient visible-light-driven photo catalysts,

hoferrites (RFeO3, where R = Dy, Gd, Eu, Tb, etc.) are a class of perovskite-
ials that have attracted significant attention due to their multifunctional properties,
including magnetic, optical, ferroelectric, and catalytic behavior[1, 2]. Their orthorhombic
perovskite structure allows strong interactions between the rare-earth A-site cations and
ansition metal B-site cations, resulting in versatile physical and chemical properties.
Among these, DyFeOs is particularly promising owing to its high thermal stability, strong
magnetic ordering, and tunable electronic structure[3, 4]. These properties make DyFeO3
suitable for a range of contemporary applications, such as visible-light-driven photocatalysis
for environmental remediation, magnetic sensors, spintronic devices, optoelectronic com-
ponents, and energy storage in multifunctional devices[5, 6]. Various synthesis methods,
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including solid-state reactions, hydrothermal, co-precipitation, and sol-gel techniques, have
been employed to fabricate RFeO3 nanoparticles with controlled size, morphology, and
crystallinity. Among these, the sol-gel method is advantageous because it allows precise
stoichiometric control, low processing temperature, and uniform particle size distribution,
which are essential for optimizing structural and functional properties[7, 8]. Previous studies
have largely focused on bulk or micrometer-scale DyFeOs3 , but achieving nanoscale parti
with high crystallinity, homogeneous elemental distribution, and enhanced surface
crucial to improving optical absorption, charge separation, and photocatalytic €
With the increasing demand for sustainable environmental technologies, th

(28
visibl

a critical research focus. DyFeOs; nanoparticles, owing to their suit.
eV) and orthorhombically distorted perovskite structure, can effec

energy conversion systems, and flexible electronic devic
nanoparticles were synthesized via a sol-gel route, fi
morphological, and optical characterization, an
light-driven photocatalytic performance toward v.
their multifunctional potential for both environme

2 Experimental Procedure

or 4 h in a programmable muffle furnace (heating rate 5 OC/min) to
yFeO; nanoparticles. X-ray diffraction (XRD) patterns were recorded on

d using the FullProf software to détermine lattice parameters and phase purity.
Morphology and particle size were examined using a JEOL JSM-7600F scanning electron
icroscope (SEM), and elemental composition was analyzed via energy-dispersive X-ray
(EDX) spectroscopy. UV-Vis absorption spectra were recorded on a PerkinElmer Lambda
35 spectrophotometer in the 200-800 nm range, and the direct band gap was estimated
using Tauc’s plot. Photocatalytic activity was evaluated by monitoring the degradation of
four organic dyes methyl orange (MO), rhodamine B (RhB), methylene blue (MB), and
acid fuchsine (AF) under visible light irradiation (300 W Xe lamp, 4 > 400 nm) at room
temperature, with a catalyst dosage of 1 g/L and dye concentration of 10 mg/L.
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3 Results and Discussion

The X-ray diffraction (XRD) spectrum of the as-prepared DyFeOj5 particles is shown in Figl,
together with the standard XRD pattern of orthorhombic DyFeO3; (JCPDS: 98-008-0866)
[13]. The diffraction profile clearly shows the distinctive Bragg reflections of rare-earth or-
thoferrites, indicating the successful formation of crystalline, perovskite-structured nanoms
terials. All the diffraction peaks are indexed to the DyFeO3 phase, and no secondary i
phase is observed. The calculated lattice parameters from the diffraction data are a
A,b=7.8516 A, and ¢ = 5.5530 A. The strong diffraction peak at 20 = 32.23%

the assumption of an orthorhombic structure with space group Pbnm (
phase purity and the lack of secondary phases [14]. Figl presents
where the red solid line refers to the model calculated, the black
one, and the blue dashed line refers to the difference between o

s on rare-earth orthofer-
in DyFeOs is due to the

zation of the orthorhombic perovskite struc-
erved in rare-earth orthoferrites were found in
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© Orthorhombic (Pbnm)

obs-Ycalc
Bragg Position

10 20 30 40 50 60 70 80
20 (degree)

Figure 1. Rietveld refinement profiles of DyFeO; nano particle prepared with help of sol-gel method
along with best fitting profiles
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the current investigation, affirming the single-phase character of DyFeOs.

Fig2 indicates the surface morphology of powder-synthesized DyFeOs nanoparticles
with particles having size dispersion throughout the distribution. The nanoparticles are non-
isometric in shape, and they have an average particle size of approximately 123 nm. There is
evidence of agglomeration as the nanoparticles clump together because of their high surface
energy and magnetic interactions. From the curve of the Gaussian distribution, the ave
particle size is 123 nm. EDX spectroscopy also verifies the elemental compositiog
DyFeOs3 nanoparticles. The analysis shows that the components detected in mea
closely resemble the stoichiometric ratio of the theoretical formula DyFeOzg The

tional homogeneity.
Fig3 shows the optical absorbance spectrum of the DyFeO; s

direct band gap was found to be ca. 2.01 eV.  The photo
particles was tested by tracking the degradation of fiv
rhodamine B (RhB), methylene blue (MB), and aci
tion. The photocatalytic process of the prepared tures is depicted in Figda.
While these colored dyes contain absorption bandiii isi ectrum, which can affect
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Figure 2. Surface morphology of DyFeO3 nano particle, Average particle sizes and elemental distribu-
tion shown
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Table 1. Structural refinement parameters of DyFeO; nano particle synthesized by sol-gel process

Compound: DyFeO; Crystal System: Orthorhombic
Space group: Pbnm
X

Dy 0.0677

Fe 0

(01 0.4573

02 0.3071

Lattice Parameters a(A)
5.5631

a=B=y=90°

Unit Cell Volume(V) = 226.7695(A)3
Fitting Parameters

The percentage degradation of the dyes after 6 ho
also the result of the blank experiment. The perc

ey

where (Cy) and (C,) are the initial conc dve before and after irradiation, respec-
tively. For the absence of DyFeOs3 parti

-
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Figure 3. The optical band gap estimated with the help of Tauc’s plot of DyFeO; nano particle synthe-
sized by sol-gel process
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having only 5% degradation in 6 hours, affirming their stability under visible light. With the
addition of DyFeOs nanoparticles, comprehensive photocatalytic degradation of all the dyes
was achieved. Under the current testing conditions (concentration of dye: 10 mg/L; dosage
of catalyst: 1 g/L; natural pH), the decoloration efficiency was in the following order: AF >
MB > RhB > MO. This difference is due to a number of reasons, among them the molecular
structure of the dye and the adsorption affinity of the catalyst towards the molecules of
dye. Fig4b presents In(C/C,) versus irradiation time (t) plots for the four dyes. The
of photodegradation can be well modeled by the first-order rate equation[17]:

C
In—=-100% = —KT
Co
Where (kapp) is the apparent rate constant [31]. In each of these, t
(R2) was greater than 0.9, reflecting good agreement with first-o
stants were in the same order as the efficiencies of degradation;

4 Conclusions

ic structure (space group
terized. XRD analysis
a single-phase material
5.5530 A, and an average

In summary, DyFeO; perovskite nanoparticles w
Pbnm) were successfully synthesized and syst
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Figure 4. (a) Schematic representation of the visible-light-driven photocatalytic mechanism of DyFeO;
anoparticles, showing the generation of electron-hole pairs, formation of reactive oxygen species
(eOH, Oy), and subsequent degradation of organic dyes. (b) Photocatalytic degradation of methyl or-
ange (MO), rhodamine B (RhB), methylene blue (MB), and acid fuchsine (AF) over DyFeO; nanopar-
ticles under visible-light irradiation, indicating percentage degradation after 6 h. The blank experiment
confirms negligible degradation in the absence of the catalyst. (c) First-order kinetic plots of In(C/C,)
versus irradiation time (t) for the four dyes, illustrating the photocatalytic rate constants and confirming
first-order degradation kinetics
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crystallite size of approximately 136 nm. SEM observations revealed non-isometric particles
with an average particle size of about 123 nm, exhibiting a tendency toward agglomeration,
while EDX analysis verified the stoichiometric elemental composition and good chemical
homogeneity. Optical studies indicated a direct band gap of 2.01 eV, attributed to O 2p
— Fe 3d charge-transfer transitions. The DyFeO3 nanoparticles demonstrated excellent
visible-light-driven photocatalytic performance, effectively degrading various organic g
(AF, MB, RhB, and MO) following pseudo-first-order kinetics, with degradation eff
influenced by dye molecular structure and adsorption affinity. Overall, these result
DyFeOs3 nanoparticles as optically active, structurally stable, and efficient visi
tocatalysts, highlighting their potential for environmental remediation an
functional applications.
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