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Abstract: Polycrystalline of BaNix.2ZnsFeis027 (where x = 0.0,0.4,0.8,1.2,1.6, and 2.0), hexagonal
ferrites samples were synthesized by using the conventional standard ceramic method. Fourier Infrared
(F.I.T.R.) Spectroscopy analysis was used to investigate the structural parameters of the samples. FT-
IR spectra of the samples have been analyzed in the frequency range (400-4000) cm. The result shows
that the two main bands of absorption corresponding to tetrahedral v, and octahedral v, were observed,
illustrating the ferrite phase formation. The high-frequency band in the range 550-600 cm™ and a low-
frequency band at around 400 cm* were assigned to tetrahedral v; and octahedral v; sites, respectively.
The force constants (Fc) were calculated for tetrahedral F sites and octahedral F sites and were found
to decrease with increasing Zn ions. Debye temperature (6p) also has been estimated as a function of
composition at room temperature using FTIR spectra.
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1. Introduction

Investigation of ferrite nanoparticles recently became much more interesting due to
improving their electrical and magnetic properties, also interesting due to their excellent
physical properties. The w-type Hexa-ferrites have been wide- various fields of science,
industrial, and technological applications, including humidity sensors, recording disks,
microwave devices, catalysts, Information storage, Magnetic Resonance Imaging, ceramic
coatings for solar cells, optoelectronic devices, and electronic devices. [1,2]. The optical
properties of the dielectric materials generally became of interest because of their Sensible
transmission within the optical part of the spectrum as compared with different categories of
materials. So, to study the optical properties of ferrite materials, the optical constants such as
absorption coefficient, transmission, reflection, and index of refraction are vital parameters to
explain the optical properties of ferrite materials [3]. The reportable by Narang et al. about the
Ni-Zn ferrites was different by substituting Zn?" ions that prefer tetrahedral sites, with divalent
metal ions that either adopt octahedral positions or inhibit grain growth and the magnetic
properties tailored with careful addition [4]. Shaukat, S. F. et al. reported the Cr-substituted W-
type hexaferrite with the chemical formula (BaNi>CrxFeisxO27. IR spectrum for sintered
sample revealed two well-defined absorption peaks, which correspond to tetrahedral A- and
octahedral B-sites present in W-type hexagonal lattice [5]. Batoo, Khalid Muajsam, et al.

reported the synthesis of Ba-doped Co-Zn ferrite nanoparticles using the sol-gel auto-
https://nanobioletters.com/ 10f8



https://nanobioletters.com/
https://nanobioletters.com/
https://doi.org/10.33263/LIANBS124.164
https://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0002-8234-6595

https://doi.org/10.33263/LIANBS124.164

combustion technique. The single-phase formation of the samples with Fd3m space group was
confirmed by X-ray diffraction (XRD). Fourier transformation infrared (FTIR) spectra show
the presence of two strong peaks around 430 cm™* and 580 cm™* that confirmed the formation
of ferrite structure [6]. The general behavior for the nickel ferrites prefers to occupy the
octahedral sites, while the zinc prefers to occupy the tetrahedral site. The interactions between
the tetrahedral ions and octahedral sites will alter ferrites' electrical and magnetic properties.
The octahedral sites are occupied by Ni** and Fe** whereas Zn2+ and Fe3+ occupy the
tetrahedral sites. The properties of the ferrite are also strongly dependent on the synthesis
method, sintering temperature, chemical composition, etc. [7-9]. The infrared spectroscopy
method is based on the observation that a chemical compound exhibits pronounced selective
infrared absorption. Different bands in the IR spectra represent the characteristic functional
groups and bonds found in the chemical compound. To ascertain local symmetry, analyze
noncrystalline solids, and research ordering phenomena in ferrite, infrared spectra are helpful.
In the present study, we investigated and discussed the Fourier transformation infrared (FT-IR)
spectra of the BaNix-2ZnxFe1027 Hexagonal ferrites, where x = 0.0,0.4 0.8, 1.2, 1.6 and 2) 1.0
in the step of 0.20, which have been synthesis by the ceramic method.

2. Materials and Methods

The Zn substituted BaNi>«xZnxF16027 ferrites were prepared by Conventional Ceramic.
The samples used in this work were prepared by the well-known ceramic method. In this
method, high purity of BaCos, ZnO, NiO, and Fe20s, with purity >99 %, were mixed according
to their molecular weight ratio to obtain different compositions of the relation. Different
compositions follow the relation.

BaC03+(2-x)(NiO)+x(ZnO)+8Fe203-»BaNi(z-x),anFe16027+C02T
where x = 0.0, 0.4, 0.8, 1.2, 1.6, and 2.

The weights of the mixed oxides in grams for each composition of the prepared system
BaNi2xZnxFe16027. For each sample, the oxides were combined and finely ground for an hour
in a carborundum agate mortar, and then each sample was grounded again for five hours using
a mechanical grinding machine. The mixture powder was pre-sintered in the air at 950 °C+
10°C for 6 hours and then slowly cooled to room temperature. The mixture was grounded again
for five hours for each sample using the mechanical grinding machine to get a very fine powder.
It was finally sintered for 4 hours at 1250°C plus 10°C before slowly cooling to ambient
temperature. According to Stimson and Schiedt's method, the samples were created by
combining 2.5 mg of ferrite with 0.8 g of KBr powder and pressing them into a 20 mm diameter
cylindrical die and then pressed for about 15 min at 15 Pascal. Clear disks of approximately 1
mm thickness were obtained with the usable transmission. FT-IR spectra of finely fine powder
of all the compositions were recorded in the range of 4000 to 400 cm, and measurements were
made at room temperature.

3. Results and Discussion

The formation of the surface functional group was confirmed by IR spectroscopy. To
detect the metaloxygen bond of the formed hexagonal BaNix-2ZnxFe16027 phase materials, A
few milligrams of BaNix-2ZnxFe16027 powder mixed with anhydrous KBr powder and made in
the form of a pellet for measurement. The FT-IR spectra were analyzed in the wavenumber
https://nanobioletters.com/ 20f8
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range between 4000 and 400 cm™ for the samples shown in Figure 1. Generally, all of the
samples have the metal-oxygen (M-O) and carbon-oxygen (C-O) bonds, as shown in Figure 1
and Table 1. This demonstrates a link between the oxygen in the specimen and the metals Fe,
Ba, Ni, and Zn. The sample exhibits absorption bands appearing from the ferrite compounds
appear. Generally, two significant peaks can be observed at (430 - 439.69 &580 - 595 cm™)
are observed. The peaks appearing between 400 and 600 cm™ are the result of the vibration of
the metal-oxygen bond, which gives the idea of the formation of the ferrite phase[10]. These
two distinct bands are attributed to the intrinsic vibrations of the tetrahedral and octahedral
metal-oxygen band in the crystal lattices of the BaNix-2ZnxFeisO27 hexagonal ferrite,
respectively high-frequency and low-frequency band [11-13]. These two prominent peaks
indicate the formation of hexaferrite. The stretching vibrations of the metal-oxygen bond are
the reason for these peaks. The absorption peak at 1430 cm™ is due to C-O asymmetric
stretching vibration in the BaCOs. The absorption bands around 1624cm™ and 3449cm™peaks
are due to O-H stretching vibrations of water mode. The H-O-H and O-H stretching vibration
at wavenumbers around 3342 cm™ and 1664 cm™ due to the water and polyol in the precursor
[14,15]. Bands located at 3435 cm™ and 1590 cm™ are due to the presence of O-H stretching
vibration of (O—H) group of residual water and anti-symmetrical stretching vibration of CO,
respectively [16]. Also are assigned to stretching and bending vibration of H,O absorbed from
the atmosphere when the samples were kept and ground in the air due to the high surface area
of these materials [17]. The peak at 2348 cm™ occurs due to the presence of CO2 in the prepared
sample [18]. The absorption band at 2900 cm™ is assigned to the C—H stretching vibration [19].
Because Zn?* has a lower atomic weight than its host Ni?* and because the wavenumber is
inversely related to the atomic weight, the band locations vi—v2, marginally rise when x
increases [20].

3.1. Force constants.

Figure 2.a displays the variation in wavenumbers (vi& v2) with zinc concentration (X)
for all samples. As can be seen from the figure, a large ionic radius of Zn?* ion samples is
expected to produce the v2 shift towards lower frequencies, whereas the v1 shift towards higher
frequencies is expected with zinc concentration (x) [21]. The relation [22,23] is used to
compute the values of the force constants (Frt and Focr) for the band Fe®* - O% at tetrahedral
and octahedral sites.

Fiet=4 TCZCZ\/lzu (1)
Foct = 4m2civa?p (2)

where ¢=2.99x1010 cm/s is the speed of light, Ftet is the tetrahedral force constant, Foct
is the octahedral force constant, and 1 and 2 are the band wavenumbers in cm-1 and is the
decreased mass for Fe3* ions and O% ions, respectively (2.061x10-23 g).

Table 1 lists the values of the force constants for the tetrahedral (Ftet) and octahedral
(Foct) sites. Figure 2.b displays the variation in the force constant with zinc concentration(x)
for all samples at the tetrahedral and octahedral locations. It can be seen from the figure that
Ftet decreases as zinc concentration rises. The fluctuation in cation oxygen bond length is
responsible for this behavior [24]. The energy needed to break longer bonds is lower since the
bond length (A-O) rose as zinc concentration increased, suggesting a drop in the force constant
of tetrahedral sites.
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Figure 1. (a,b,c,d,and f) IR pattern BaNix-2ZnxFe1s027 (x=0.0, 0.4, 0.8, 1.2, 1.6 & 2) ferrites.
(a) x=10.0; (b) x=0.4;. (c) x=0.8; (d) x=1.2; (e) x=1.6; (f) x=2.0.

The alteration in the Fe**-OZinternuclear distances for the tetrahedral and octahedral
sites, respectively, causes the band position change [25,26]. A longer band length is supposed
to result in a lower force constantly. The bond length rises if the radius of the impurity ion is
greater than the radius of the displaced ion, which lowers the force constant for either site or
reduces the repulsive interactions between the ions, resulting in lesser electrostatic energy and,
consequently, a lower wavenumber. If a smaller impurity ion takes the place of a metal ion in
the normal lattice, the opposite will be accurate. Because zinc has a greater ionic radius (0.74
) than the displaced Ni?* ion (0.69 ), a drop in wavenumber and forces constant is anticipated
with zinc replacement [14]. The positions of absorption bands in terms of wavenumber vtet and
voct for all samples are summarized in table 1. From Table 1, it is clear that the position of the
vtet and voct bands is shifted by incorporating Zn ions in the Ni matrix. The same behavior was
reported in previous works on different ferrite systems [27,28]. FT-IR results indicate that Ni
ions are stabilized in the On crystal field, whereas Zn ions prefer Tq sites because of their ability
to form covalent bonds [29-32]. The small shift in band positions for Ba-Zn-Ni ferrites is
observed as a function of Zn content (x) (Table 1). It may be caused by differences in the Fe
B-O and Fe A-O ionic distances, which are equal to 0.199 nm and 0.189 nm, respectively [33].
This reason can also cause the stronger covalent bonding of Fe®* ions at the tetrahedral sites
than at the octahedral sites.
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Figure 2. (a)Variation of wave numbers at A and B sites with zinc concentration. (b) force constants with Zinc
concentration (x) at the tetrahedral and octahedral sites.

Debye temperature is an essential parameter in studying lattice vibrations [34]. The
Debye temperature (6p) for BaNix-2ZnxFe1s027 (x = 0.0, 0.4, 0.8, 1.2, 1.6, and 2) ferrites was
obtained by using the next relation [35,36]:

where, ¢ is the speed of light (¢ = 2.99 10'° cm s?), h is the Plank constant (h = 6.626
1024 J.s), KB is the Boltzmann constant, and vay is the average wave number of bands (cm™).

Figure 3 and Table 1 contain the computed values for the samples' Debye temperatures
(fp). 1t can be noticed that with increasing zinc content, dp decreases from 738.19 K (for x =
0.0; to 731.96 K (for x = 1.2), and after those, it remains constant. These values have great
importance in determining the conduction mechanism of these ferrites. It can be linked to a
decrease in the wavenumber of the peak, usually attributed to Me-O bond vibration in the
tetrahedral site. The observed decrease in @p (Table 1) with zinc concentration suggests
enhancement of the lattice vibrations due to Zn-substitution. It can be seen that 6p decreases
with increasing Zn concentration.
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Figure 3. Variation Debye temperature (6p)(K)with increasing Zinc concentration (X).
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A particular heat theory can be used to discuss these characteristics. This theory states
that because some of the heat was absorbed by electrons and D may decrease as Zn
concentration increases, conduction in these samples is likely attributable to n-type electrons
[37].

Table 1. Calculated force constants of tetrahedral and octahedral sites; Debye temperature.

Composition Absorption band Force constants Absorption band Force constants Debye
(Wave number) (Wave number) temperature (6p)

X V2 em™h Focta dyn/cm (x 10%) Vi em™ Fret dyn/cm (x 105) 0p (K)

X=0 432.94 1.36139 595.896 2.57910 738.1946
X=0.4 433.905 1.36747 590.111 2.52927 734.7363
X=0.8 434.834 1.37333 583.361 247174 730.5597
X=1.2 435.834 1.37965 584.325 2.47992 731.9688
X=1.6 438.726 1.39802 581.433 2.45543 731.9688
X=2 439.69 1.40417 580.469 2.44729 731.96888

4. Conclusions

FT-IR spectra of the samples have been analyzed in the frequency range (400-4000)
cm*. The two main bands of absorption corresponding to tetrahedral v1 and octahedral v, were
observed, illustrating the ferrite phase formation. The high-frequency band in the range 550-
600 cm™ and a low-frequency band at around 400 cm™ were assigned to tetrahedral v; and
octahedral v sites, respectively. The force constants were calculated for tetrahedral Fit sites
and octahedral Fo sites, and frequencies show that K; decreases with tetrahedral bond length
and Ko increases with octahedral bond length. With increasing Zn ions. Debye temperature
(fp) has also been estimated as a function of composition at room temperature using FTIR
spectra. The behavior of debye temperature p showed that electrons should make a significant
contribution to the specific heat.
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