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ORIGINAL ARTICLE

Influence of Crþ3 Ions Substitution on the Magnetic
and Optical Properties of NieZneCr Ferrite/PVA/
Rhodamine Dye Nanocomposite Film

Ied Mohamed Mnawer a, Osama Mohamed Hemeda a,b, Mohamed Yousry Hassaan a,*,
Ahmed Saber Abdel-Moety a, Mohamed Mostafa Salem b

a Physics Department, Faculty of Science (Boys), AleAzhar University, Nasr City, Cairo, Egypt
b Physics Department, Faculty of Science, Tanta University, Tanta, Egypt

Abstract

Nanocrystalline nickel-zinc substituted chromium ferrites having the chemical formula Ni0.6Zn0.4CrxFe2-xO4, i.e.,
NZCrF (where x ¼ 0.0, 0.2, 0.4, 0.6, 0.8 and 1.0 wt.%) have been synthesized by flash auto combustion method. Conse-
quently, preparation and characterization of Ni0.6 Zn0.4Cr0.6 Fe1.4O4 doped Polyvinyl alcohol (PVA)/Rhodamine dye
nanocomposites using solvent casting technique have been reported. The X-ray diffraction (XRD) and Fourier-transform
infrared spectroscopy (FTIR) studies confirm polymer nanocomposites' formation through the interaction between the
nanoparticles and the polymer. Transmission electron microscope (TEM) and scanning electron microscope (SEM) im-
ages have investigated surface morphology and particle orientation. The average grain size is estimated to be approx-
imately 51 nm. Images taken with TEM reveal that the composite Ni0.6Zn0.4CrxFe2-xO4/PVA morphology is highly
agglomerated, suggesting magnetic nanoparticles are encased in the PVA polymer chains. This may be due to the
interaction between the ferrite's oxygen atoms and the PVA's polymer chains. The saturation magnetization (Ms),
remnant magnetization (Mr), and coercivity (Hc) measured by VSM have been studied. The modification of PVA/
Rhodamine dye nanocomposites with Ni0.6Zn0.4Cr0.6Fe1.4O4 reveals their potential for usage in luminescence applica-
tions due to an improvement in the composites' optical characteristics.

Keywords: Magnetic properties, Nanocomposites, Optical properties, PVA, Rhodamine dye, Spinel ferrite

1. Introduction

S pinel ferrites are economically significant ma-
terials due to their superior magnetic and

electrical properties. Due to its potential electro-
magnetic properties at high frequency and low
densification temperature, there has been an in-
crease in interest in lowetemperature sintered fer-
rites utilized as multilayer chip inductors [1]. For a
long time, NieZn ferrites have served as high-fre-
quency ferrites for use in radio frequency (RF) coils,
transformer cores, and antenna rods. Magnetic
cores of reading/write heads for high-speed digital
tape/disk recording use NieZn ferrites with specific

properties, such as reduced porosity and regulated
microstructure [2,3]. Pure ferrites' structural, elec-
trical, and magnetic characteristics are altered when
paramagnetic or diamagnetic ions (Cr3þ, Ni2þ, and
Zn2þ) are substituted [4,5]. Impurities modify the
crystal's defect structure and texture [6], affecting
the material's magnetic and electrical characteristics
in important ways. Cr-substituted ferrites have been
the subject of a variety of scientific investigations.
The magnetic, electrical, and structural features of
ferrite have all been shown to change when Cr3þ

ions are introduced. The magnetic characteristics
and cation distribution of Cr-substituted ferrites
prepared via an aerosol technique have been
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investigated [7]. It has been observed that when the
Cr-content rises, the saturation magnetization falls
linearly. The antiferromagnetic characteristic of
Cr3þ [8] was responsible for this discovery. As
calcination temperature rises, pores are reduced,
and grain size increases, leading to higher satura-
tion magnetization [9e11]. Poly (vinyl alcohol)
(PVA), obtained by saponifying poly (vinyl ether) or
poly (vinyl ester), has garnered a lot of attention due
to its usefulness and good features. In addition to its
use as a scaffold for biosynthetic cartilage [12,13],
PVA is also employed in wound dressings, cathe-
ters, contact lenses, and various other biomedical
applications. Also, PVA stands out among polymers
as a promising host material for different nano-
particles due to its large surface area, flexibility, and
optical and mechanical characteristics [14,15]. Re-
searchers have shown that low-dimensional mate-
rials exhibit high electronehole recombination
rates, high surface areas, and high activity for
adsorption of UVevisible (VIS.) light [16]. Most in-
dustrial uses for Rhodamine dye [17] are in textiles,
paints, paper, and biotechnology applications,
including fluorescence microscopy and flow
cytometry. The UV-VIS. spectroscopic absorption
peak drops as the ferrite ratio rises, then rises again
for NZCrF concentrations above x ¼ 0.3%. The PVA/
Rhodamine dye combination is predicted to have an
absorbance peak at 555 nm, and the absorbance of
UVevisible light may be tuned by adjusting the
ferrite ratio. The present work aims to develop a
novel composite material with magnetic and optical
properties. NiZnCr (NZCr) ferrite is synthesized by
the flash auto-combustion technique substituted in
PVA matrix doped with Rhodamine dye. Structural,
morphological, magnetic, and optical properties are
investigated for our prepared composite to be used
in potential applications.

2. Experimental

2.1. Preparation of spinel ferrite (Ni0.6Zn0.4CrxFe2-xO4)

Nanocrystalline nickel-zinc substituted chromium
ferrites having the chemical formula Ni0.6Zn0.4Crx
Fe2-xO4, i.e., NZCrF (where x ¼ 0.0, 0.2, 0.4, 0.6, 0.8
and 1.0 wt.%) were prepared by flash auto-com-
bustion technique using nickel-nitrate (Ni(NO3)2,
6H2O), zinc-nitrate (Zn(NO3)2,6H2O), chromium-
nitrate (Cr(NO3)3,9H2O), iron-nitrate (Fe(NO3)3,
9H2O) as chemical reagents for synthesis, and urea
CO(NH2)2 as a fuel. All chemicals are weighed ac-
cording to comprehended compound ratios by
knowing the stoichiometric ratio for each, then

250 mL distilled water is added and stirred for
20 min on a hot plate magnetic stirrer. The mixture
is heated at 80 �C with continual stirring until it
becomes viscous, and then it is ignited internally
until the solution becomes dry and reaches ash tree
consistency. After that, the as-prepared powder was
ground and left overnight at 100 �C. To prevent any
exterior phases, preliminary sintering was per-
formed by annealing the powder to 600 �C for 2 h at
a rate of 5 �C per minute.

2.2. Preparation of PVA/NZCrF composites by
casting technique

Using the solution casting method, nano-
composite PVA/NZCrF films are manufactured.
Two hours of steady magnetic stirring at 90 �C are
used to dissolve 2000 mg of PVA in 50 mL of
distilled water to produce a clear solution. For all
composite samples with variable Cr-substitution
(400 mg), NZCrF powder was added to the PVA
solution and stirred at 90 �C for 20 min with a
magnetic stirrer to achieve a perfectly homogenous
distribution of NZCrF particles inside the solution.
The mixture of PVA and NZCrF is then cast into
Petri plates and dried at room temperature. By the
same technique, the nanocomposites thin film PVA/
Rhodamine dye-doped with (0.1, 0.2, 0.3, 0.4, and
0.5 wt.%) of Ni0.6Zn0.4Cr0.6Fe1.4O4 to enhance the
optical properties of the prepared composite based
on PVA/Rhodamine dye in the UV-VIS. light rang.

2.3. Characterization

Philips Model (PWe1729) diffractometer has been
used to investigate the prepared materials by X-ray
diffraction, while the samples were exposed to
CueKa radiation (l ¼ 1.5411 A) at 300 K, 2q oper-
ating between 10� and 80� to validate successful
chemical reaction for the composites. Fourier
transform infrared (FTIR) at room temperature in
the range of 400 cm�1 to 4000 cm�1 with a resolution
of 1 cm�1 was utilized to examine the chemical
structure of composite materials. The morphology
of composite ferrite samples is examined using a
scanning electron microscope (SEM) (ZEISS Sigma
500 VP). To explore the nano-metric structure of the
material, the transmission electron microscope
(TEM) with ‘JEM 2100 HRT’. The ferromagnetic
hysteresis loop has been studied using a vibrating
sample magnetometer (VSM; 9600e1 LDJ, USA)
with an optimal applied field of 20 kG at room
temperature. Using a UVeVIS. spectrophotometer,
the optical characteristics of the produced samples
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were measured in the range from 200 nm to 800 nm
(Unicam spectrometer made in England).

3. Results and discussion

3.1. X-ray diffraction (XRD)

As shown in Fig. 1, the XRD patterns of PVA/
NZCrF composite films produced at room temper-
ature span the range 10��2q � 80�. The PVA peak
displays a diffraction peak at around 2q ¼ 20�, which
is attributable to the semi-crystalline character of
PVA polymer molecules, which can come from
strong intermolecular hydrogen bonding in the PVA
chain while indicating the existence of a typical
semi-crystalline nature [18]. Changing the NZCrF
concentration in the PVA matrix does not affect the
intensity of the primary peak at 2q ¼ 19.5�, as the
weight percentage (wt.%) of the doped ferrite in the
PVA matrix remains constant at 16% for all com-
posite samples with different Cr-substitution. As
seen in Fig. 1, additional peaks corroborated that
NZCrF was present in the PVA matrix. In addition,
following doping, the XRD of PVA/NZCrF reveals
other peaks. Doped ferrite samples are associated
with reflections from the (220), (311), (400), (511), and
(440) planes that correspond to the peaks.

3.2. Fourier transform infrared (FTIR)

As shown in (Fig. 2), infrared spectra of
Ni0.6Zn0.4CrxFe2-xO4 (where x ¼ 0.0, 0.2, 0.4, 0.6, 0.8,
and 1.0 wt.%) were obtained in the region
400 cm�1e4000 cm�1. All composite samples share
the existence of the two primary absorption bands,
n1, and n2, as indicated by the spectra. The lowest
one (n1) is often recorded in the range 852 cm�1 and

corresponds to vibrations of the tetrahedral site,
while the greatest one (n2) is typically observed in
the range 503 cm�1e570 cm�1 and corresponds to
vibrations of the octahedral site [19e21]. By
increasing Cr-substitution, n2 shifts to a higher fre-
quency, as seen in Fig. 2. Generally, the forecast of
rising frequency for the n2 band implies that the
band's force constant grows. The decrease in bond
length causes the increase in force constant. Tetra-
hedral bonds almost remain constant by increasing
Cr-substitution, whereas octahedral bonds vary.
The shift of the n2 band is attributable to the
depletion of octahedral bonds caused by a lack of
Ni2þ ions. Due to hydroxyl groups (OeH) in the
structure of all prepared PVA/NZCrF composite
films, a wide-stretching vibration at about 3280 cm�1

has been detected. A faint band at around 2900 cm�1

corresponds to the stretching vibration of CH2,
indicating the existence of PVA. In addition,
1460 cm�1 corresponds to the remaining water's
HeOeH vibration and may be attributable to the
stretching vibrations of the anti-symmetric NO3,
respectively. The band at 1090 cm�1 is attributed to
the bond vibration between the oxygen ion and the
tetrahedral metal ion (OeMtetra) [1,22,23].

3.3. Scanning electron microscope (SEM)

As illustrated in Fig. 3, SEM is used to highlight
surface morphology. The microscopy reveals that
the average grain size is roughly 51 nm. The
morphology seems irregular due to aggregation.

3.4. Transmission electron microscope (TEM)

The Ni0.6Zn0.4CrxFe2exO4/PVA composite is
heavily agglomerated in TEM images as in Fig. 4,Fig. 1. XRD patterns of synthesized PVA/NZCrF composite films.

Fig. 2. FTIR spectrums of synthesized PVA/NZCrF composite films.
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[25] indicating that nanocrystalline particles are
surrounded by polymer chains of PVA, which may
be a result of the interaction between oxygen atoms
of ferrite and PVA. TEM images show that nano-
crystalline particles are embedded in the PVA ma-
trix with a core-shell configuration. PVA is an
effective capping substance that plays a significant
role in reducing the aggregation of nanoparticles,
which is crucial for the dispersion and stability of
ferrite particles [25]. The particle sizes were
measured to be between 8.17 nm and 49.7 nm. The

increase in average particle size with increased Cr-
concentration in ferrite may be attributed to the
ferrite's embedding in the PVA matrix to form a
coreeshell structure.

3.5. VSM analysis

The composite magnetic hysteresis loops have
been performed at room temperature for prepared
PVA/NZCrF composite films using the VSM over
the field range �20000 G to þ20000 G, as shown in
Fig. 5. The parameters obtained from these hyster-
esis loops (Ms), (Mr) and (Hc) are listed in Table 1, It
can show from Fig. 6 that the changes in Ms, Mr, and
Hc with adding NZCrF to PVA, where (Ms) changes
from 0.19 emu/g to 14.97 emu/g, Mr changes from
0.07 emu/g to 1.78 emu/g, and Hc changes around
50.86 G to 132.65 G .

3.6. The impact of adding Ni0.6Zn0.4Cr0.6Fe1.4O4 on
the optical properties of PVA/Rhodamine dye
nanocomposites

Each atom or molecule has a unique spectral
response in Photoluminescence (PL) spectroscopy.
Consequently, optical spectroscopy determines
chemical substances’ atomic or molecular structure
and concentration. Fig. 7 shows the PL spectra for all
investigated samples of nanocomposite thin film

Fig. 3. SEM image of Ni 0.6Zn0.4Cr0.6Fe1.4O4/PVA composites.

Fig. 4. TEM images of Ni 0.6Zn0.4CrxFe2-xO4/PVA composites.
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PVA/Rhodamine dye-doped with (0.1, 0.2, 0.3, 0.4,
and 0.5 wt.%) of Ni0.6Zn0.4Cr0.6Fe1.4O4. All samples
were excited using laser light at a wavelength
(360 nm) selected for the most efficient lumines-
cence of Rhodamine dyes [25e27]. It illustrates the

PL spectra of the pure PVA, which display an
extreme and broad emission band in the visible
range at about (2.17 ev) and another peak at (2.41
and 3.05 ev); the former emission band is associated
with surface trap-induced emission owing to the
PVA capping. It was observed that for PL spectra of
PVA/Rhodamine dye, there is a remarkable increase
in the PL intensity. The main emission band shifted
to a higher wavelength, exhibiting a well-known
broadband emission around the green-yellow re-
gions. The decrease in PL intensity with increased
NZCr ferrite may be because of the clustering of
nanoparticles at greater doping concentration,
which reduces the interfacial area within the poly-
mer and causes quenching [28,29] This suggests that
the composites are suitable for luminescence
applications.
UV-VIS. Spectroscopy measures the optical ab-

sorption by atoms and molecules as a function of
wavelength. As illustrated in Fig. 8. The absorbance
peak decreases as the ratio of ferrite increases and
then rises again when the NZCrF content exceeds
x ¼ 0.3%. The absorbance peak of the composite
containing Rhodamine dye is roughly identified at
555 nm, which is in excellent accord with the
literature. Ferrite is expected to effectively decol-
orize Rhodamine dye between 60% and 70%. More
donor energy and more oxygen vacancies contrib-
uted to the composite's increased deterioration.
The effectiveness of nano ferrites as a catalyst is
affected by the quantity of molecules present at the
A and B-sites, which is another aspect that con-
tributes to enhanced degradation efficiency. As
they are separated from one another at the B-site,

Fig. 6. The variation of the saturation magnetization (Ms), remnant magnetization (Mr), and the coercivity (Hc) of Ni 0.6Zn0.4CrxFe2-xO4/PVA thin
film.

Fig. 5. Room-temperature hysteresis (MeH) loop of Ni 0.6Zn0.4CrxFe2-
xO4/PVA thin film.

Table 1. The saturation magnetization (Ms), remnant magnetization
(Mr), and coercivity (Hc) of Ni 0.6Zn0.4CrxFe2-xO4

�/�PVA thin film.

x Ms (emu/g) Mr (emu/g) Hc (G)

0 14.978 1.7856 75.505
0.2 0.90296 0.0916 51.232
0.4 0.57784 0.0824 50.859
0.6 0.83838 0.1270 59.209
0.8 1.252 0.2585 62.991
1.0 0.19101 0.0708 132.65
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metal ions are conducive to photocatalytic action.
The composite samples lose the transparency
(decolorization) with adding darker ferrite the ab-
sorption of visible light increases consequently.
The absorbance of UV-VIS. light can be optimized
by changing the ferrite ratio in the PVA/Rhoda-
mine dye matrix.

4. Conclusions

The flash auto combustion process was used
to create nanocrystalline nickel-Zinc substituted

chromium ferrites with the chemical formula Ni0.6
Zn0.4CrxFe2-xO4, or NZCrF (where x¼ 0.0, 0.2, 0.4, 0.6,
0.8, and 1.0 wt.%). Nanocomposite PVA/NZCrF/
Rhodamine films are fabricated utilizing the solution
casting method. According to XRD, the PVA peak
indicates a diffraction peak at approximately 2q¼ 20�,
which is ascribed to the partially crystalline nature of
PVA polymer, which can result from strong inter-
molecular hydrogen bonding along the PVA chain,
despite the presence of a typical semi-crystalline
nature.NZCrF infrared spectra reveal the existenceof
the two primary absorption bands v1 and v2 as a
characteristic shared by all composite samples. The
SEM estimates that the average grain size is around
51 nm. The morphology seems irregular due to ag-
gregation. The NZCrF/PVA composite is heavily
agglomerated in TEM micrographs, indicating that
PVApolymer chains enclose ferrite particlesmaybe a
result of the interaction between the oxygen atoms of
ferrite and PVA. The changes in Ms, Mr, and Hc are
caused by the addition of NZCrF to PVA, where (Ms)
changes from 0.19 emu/g to 14.97 emu/g, Mr changes
from 0.07 emu/g to 1.78 emu/g, and Hc changes from
approximately 50.86 G to 132.65 G. For PL spectra of
PVA/Rhodaminedye, a significant rise inPL intensity
and a shift in the main emission band to longer
wavelengths were observed, exhibiting the well-
knownbroad-spectrumemission in the green-yellow
areas. The absorption peak (UV-VIS. spectroscopy)
decreases with increasing ferrite ratio and subse-
quently increases with NZCrF concentrations above

Fig. 7. PL spectra of nanocomposite thin film PVA/Rhodamine dye þ different concentrations of Ni0.6Zn0.4Cr0.6Fe1.4O4.

Fig. 8. UV-VIS. absorption spectrum of the investigated samples (PVA/
Rhodamine dye) for different concentrations of Ni0.6Zn0.4Cr0.6Fe1.4O4.

I.M. Mnawer et al. / Al-Azhar Bulletin of Science 34 (2023) 98e104 103



x ¼ 0.3%. The composite, including Rhodamine dye,
has an estimated absorbance peak of 555 nm and the
absorbance of UV-VIS. light may be improved by
varying the ferrite ratio in the PVA/Rhodamine dye
matrix.
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