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Li-Nickel ferrites with the chemical formula Li0.5−0.5xNixFe2.5−0.5xO4 (0.0 ≤ x ≤ 1.0) have been prepared by the ceramic method.
The spinel structure in homogenous state was realized by X-ray diffraction analysis. The lattice parameter has been determined
for each composition and found to be nearly constant over the whole range of Ni concentration (= 0.83 nm± 0.01). The cation
distribution for each composition has been suggested. The experimental and theoretical lattice constants were found to be in good
agreement with each other confirming the agreeability of the suggested cation distribution. The analysis of IR spectra indicates
the presence of splitting in the absorption band due to the presence of small amounts of Fe2+ ions in the ferrite system. The force
constants for tetrahedral and octahedral sites have been determined. Young’s modulus (E), rigidity modulus (G), bulk modulus
(B), Debye temperature (θD), and transverse (Vt) and longitudinal (Vl) wave velocities have been determined. The variation of
elastic moduli with composition has been interpreted in terms of binding forces between the atoms of spinal lattice.

1. Introduction

The substituted lithium ferrites are promising materials for
microwave applications because of their low cost, excellent
temperature performance, and squareness of the hysteresis
loops [1]. Li ferrites are also suitable for the multilayer chip
inductors (MLCIs) as the laminating ferrite layers because of
their low sintering temperature, high Curie temperature, and
excellent electromagnetic properties at high frequency [2].

There are many researches that have been reported in
the literature on the studies of Li-Zn, Li-Mg, Li-Ti, Li-Cd,
Li-Cu, and Li-Ga ferrites [3–8]. However, little information
is available in the literature regarding the Li-Ni ferrite. The
relative site preference of Li+1, Fe+3, and Ni+2 in the spinel
lattice in the Li-Ni ferrite system was studied by Trivedi et al.
[9]. The cation distributions have been determined through
X-ray diffraction and confirmed by magnetization measure-
ments. It was found that a greater percentage of Li+1 ions oc-
cupy the A-sites in the Ni-rich samples. Also, P.V. Reddy et al.
have reported on the investigation of the cation distribution,
magnetization, and dielectric properties of Li-Ni ferrite
system [10–12].

The elastic constants are of much importance because
they reveal the nature of binding forces in solids and to

understand the thermal properties of the solids. The ultra-
sonic pulse transmission technique (UPT) is the most com-
mon technique for elastic constants and Debye temperature
determination [13]. A new method based on infrared spec-
troscopy has been developed by Modi et al., to study the
elastic properties of spinel ferrites [14].

The aim of this present work is to investigate the struc-
tural and elastic properties of the ferrite system Li0.5−0.5xNix
Fe2.5−0.5xO4 (0.0 ≤ x ≤ 1.0) through X-ray and IR analysis.

2. Experimental Technique

The measurements were carried out on polycrystalline sam-
ples of stoichiometric composition of Li0.5−0.5xNixFe2.5−0.5x

O4, with (x = 0, 0.1, 0.3, 0.5, 0.7, 0.9, and 1.0). The samples
were prepared by the usual ceramic technique. The starting
oxides (Fe2O3, Li2CO3, and NiO) with high purity were
mixed and grounded in a very fine powder. The mixtures
were presintered at 800◦C for 10 h. The powders were then
regrounded, compressed in the toroidal and pelletized shape,
and finally sintered at 1200◦C for 10 hrs in static air. Then
they were cooled gradually to room temperature with rate of
2◦C per minute. A monophase spinel structure was recorded
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Figure 1: X-ray diffraction patterns of Li0.5Nix Fe2.5−0.5xO4 (where
x = 0.0, 0.1, 0.3, 0.3, 0.5, 0.7, 0.9, and 1.0).

for all compositions using X-ray diffractometer, XRD, em-
ploying Cu Kα radiation (λ = 1.5405 Å) (type Philips X’Pert
Diffractometer). The theoretical X-ray density (dx) of the
samples was calculated using the formula (dx = 8M/Na3)
where M is the molecular weight, N is Avogadro’s number,
and a is the lattice parameter. Also, the apparent density was
measured using the Archimedes method by weighting the
prepared samples in toluene employing the formula dapp =
(w1/(w1 − w2))dtol, where w1, w2 are the weights of the sam-
ple in air and toluene, respectively, and dtol is the density of
toluene. Further, The porosity percentage (P%) was calculat-
ed according to the relation p = (1−dapp/dx)%. The scanning
electron micrographs (SEMs) were taken for all samples us-
ing (JXA-840A Electro Probe Microanalyzer). The average
grain diameter “D” was calculated by the line intercept
method. IR spectra in the range from 200 to 1000 cm−1 were
recorded at room temperature using the infrared spectrome-
ter (model 1430, Perkin Elmer).

3. Results and Discussion

3.1. X-ray Diffraction Analysis. The single-phase cubic spinel
formation of the compositions of the ferrite system,

Li0.5−0.5xNixFe2.5−0.5xO4 (x = 0, 0.1, 0.3, 0.5, 0.7, 0.9, and 1.0),
has been confirmed from X-ray diffraction patterns. Figure 1
depicts typical XRD patterns for all studied samples. No
impurity phases have been detected from X-ray charts. The
main reflection planes of the spinel structure have been
shown and listed in Table 1 for all patterns with d-spacing
values and relative intensity ratios in comparison with those
of the JCPDS card of both Li0.5Fe2.5O4 and NiFe2O4 ferrites.
The experimental lattice parameter (aexp) was calculated ac-
cording to the following equation:

aexp = d(hkl)
(
h2 + k2 + l2

)1/2
, (1)

where d is the interplanar distance of each plane and (hkl)
are Miller indices. The obtained values of “aexp” are listed in
Table 2. From this table, it is found that aexp does not vary
with x (aexp = 0.83 nm ± 0.01). This behaviour may be
attributed to the values of ionic radii of the ions. The replace-
ment of Fe3+ ions (0.064 nm) and Li+ ions (0.073 nm) by
Ni2+ ions (0.069 nm) according to

2Ni2+ ←→ Li+ + Fe3+

(0.14 nm) ≈ (0.14 nm)
(2)

Since there is no difference between rLi+ +rFe3+ and 2 rNi2+ ,
the lattice parameter is constant over the whole concentra-
tion range.

3.2. Cation Distribution and Theoretical Lattice Parameter. It
is known that there is a correlation between the ionic radii
of both A- and B-sublattices and the lattice parameter. Then,
the lattice parameter can be calculated theoretically using the
following equation [15]:

ath = 8
3
√

3

[
(rA + Ro) +

√
3(rB + Ro)

]
, (3)

where Ro is the radius of the oxygen ion (0.132 nm) and rA
and rB are the ionic radii of tetrahedral (A-site) and octahed-
ral (B-site), respectively. In order to calculate rA and rB, it is
necessary to suggest a suitable cation distribution. The know-
ledge of cation distribution and spin alignment is essential
to understand the magnetic properties of spinel ferrite. The
interesting electrical and magnetic properties of spinel ferrite
arise from the ability of distribution of cations among the
tetrahedral (A) and octahedral (B) sites. The investigation
of cation distribution provides a mean to develop materials
with desired properties which are useful for many devices
[16]. In the light of the previous work reported on Li-Ni
ferrite [9] the cation of the present studied samples has been
suggested as listed in Table 2. Using the suggested cation
distribution data, the mean ionic radii of tetrahedral A-site
(rA) and octahedral B-site (rB) were calculated and given
in Table 2. As observed from the table, rA and rB are constant
for all values of x. This behaviour may be due to the constant
value of the lattice parameter with different values of compo-
sition (x). Furthermore, the values of the theoretical lattice
parameters ath were calculated using formula (3). It is ob-
served from the table that both aexp and ath are the same
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Table 1: The calculated d-spacing of the recorded peaks and the corresponding relative intensities I/Io with the data of (JCPDS card).

Li0.5Fe2.5O4

(JCPDS card)
x = 0.0 x = 0.1 x = 0.3 x = 0.5 x = 0.7 x = 0.9 x = 1.0 NiFe2O4

(JCPDS card)

plane (d)Å I/Io% (d)Å I/Io% (d)Å I/Io% (d)Å I/Io% (d)Å I/Io% (d)Å I/Io% (d)Å I/Io% (d)Å I/Io% plane (d)Å I/Io%

111 5.89 7 — — — — — — — — — — 4.82 7.77 4.81 6.62 111 483 30

210 3.73 14 3.75 9.65 — — — — — — — — — — — — — — —

211 3.41 9 3.41 10.53 — — — — — — — — — — — — — — —

220 2.95 35 2.95 44.85 2.95 34.8 2.95 25.55 2.94 26.54 2.95 27.84 2.94 25.45 2.94 37.9 220 2.95 50

311 2.51 100 2.52 100 2.52 100 2.51 100 2.52 100 2.52 100 2.52 100 2.52 100 311 2.52 100

222 2.4 3 — — — — 2.42 2.98 2.41 10.96 2.41 4.64 2.41 4.26 2.41 10.66 222 2.42 10

400 2.08 16 2.08 15.98 2.09 39.06 2.09 22.33 2.09 22.76 2.08 24.64 2.09 18.27 2.09 32.55 400 2.09 40

422 1.7 12 1.7 10.01 1.7 14.97 1.7 13.26 1.7 13.13 1.7 16.15 1.7 9.46 1.7 16.88 422 1.71 20

511 1.6 32 1.61 24.85 1.61 38.24 1.61 37.9 1.6 37.9 1.61 38.58 1.6 32.76 1.6 50.98 511 1.61 50

440 1.47 41 1.47 36.02 1.48 68.54 1.48 39.33 1.48 44.27 1.48 50.31 1.48 31.37 1.48 78.04 440 1.48 60

620 1.32 4 1.32 1.96 1.32 5.73 1.32 5.02 1.32 4.51 1.32 3.91 1.32 3 1.32 6.78 620 1.32 5

533 1.27 10 — — 1.27 10.25 1.27 11.3 1.27 11.16 1.27 9.03 1.27 9.75 1.27 15.73 533 1.28 15

622 1.26 2 — — — — 1.26 2.71 1.26 3.88 1.26 3.24 1.26 1 1.26 7.33 622 1.26 5

444 1.2 2 — — — — 1.2 1.9 1.2 4.06 1.2 2.3 1.2 1 1.2 5.58 444 1.21 10

642 1.11 5 — — 1.11 6.08 1.11 4.13 1.11 9.38 1.11 3.98 1.11 3 1.11 6.73 642 1.12 10

Table 2: The Cation distribution, ionic radii of A- and B-sites, experimental and theoretical lattice constants and particle size of Li-Ni ferrite
samples (with 0.0 ≤ x ≤ 1.0).

x Chemical formula A-site B-site rA (nm) rB (nm) aexp (nm) ath (nm) t (nm)

0 Li0.5Fe2.5O4 (Fe1) [Li0.50Fe1.50]O4 0.06 0.07 0.83 0.83 40.24

0.1 Li0.45Ni0.1Fe2.45O4 (Li0.05Fe0.95) [Li0.4Ni0.1Fe1.5]O4 0.06 0.07 0.83 0.83 51.65

0.3 Li0.35Ni0.3Fe2.35O4 (Li0.02Fe0.98) [Li0.33Ni0.3Fe1.37]O4 0.06 0.07 0.83 0.83 50.50

0.5 Li0.25Ni0.5Fe2.25O4 (Ni0.02Fe0.98) [Li0.25Ni0.48Fe1.27]O4 0.06 0.07 0.83 0.83 56.71

0.7 Li0.15Ni0.7Fe2.15O4 (Ni0.025Fe0.975) [Li0.15Ni0.675Fe1.175]O4 0.06 0.07 0.83 0.83 58.83

0.9 Li0.05Ni0.9Fe2.05O4 (Ni0.03Fe0.97) [Li0.05Ni0.87Fe1.08]O4 0.06 0.07 0.83 0.83 49.53

1 NiFe2O4 (Ni0.03Fe0.97) [Ni0.97Fe1.03]O4 0.06 0.07 0.83 0.83 53.25

for all values of x, which confirms the agreeability of the
suggested cation distribution.

The X-ray density (dx) for each composition was calcu-
lated. The effect of Ni-content (x) on the variation of X-ray
density is depicted in Figure 2. It is obvious from the figure
that dx is increasing linearly with x. The observed increase in
dx may be due to the increase in the molecular weight of the
samples by increasing Ni-content according to formula (2),
since the atomic weights of Ni, Fe, and Li are 58.69, 55.847,
and 6.941, respectively. Further, the apparent density (dapp)
of the above ferrite system was measured via the Archimedes
method. The relation between the Ni-content (x) and the
apparent density was plotted in Figure 2. It is observed from
this figure that dapp increases as x increases till x = 0.5 only.
Then it decreases by further increase in x except for x = 1.0.
This behaviour matches well with the behaviour of dx only in
the first range.

The percentage porosity (P%) of the samples was
computed from the values of both dx and dapp. The effect of
composition x on the porosity P% is shown in Figure 3. It is
seen form this figure that the porosity is nearly constant in
the range of 0.0 ≤ x ≤ 0.5, but it increases in the range of

0.7 ≤ x ≤ 1.0. The nearly constant value of P% in the former
range may be due to that the percentage increasing in dapp

(about 6.43%) is bit lower than that of dx (about 6.93%),
then one can expect that porosity remains nearly constant
in this range. In the later range, the apparent density dapp

decreases by increasing x except for x = 1.0; however dx is
still increasing in this range. The overall effect is the observed
increase of porosity as shown clearly in Figure 3. Moreover,
it was found that the values of the porosity lie in the range of
5–12%. Such these values indicate the highly dense structure
of the prepared samples.

Depending on the broadening of the most 5 intense peaks
in XRD patterns, (220), (311), (400), (511), and (440), the
particle size of each sample was calculated using the well-
known Sherrer’s equation [17]:

t = 0.9λ
β cos θB

, (4)

where t is particle size, λ is wavelength of X-ray radiation, θB
is Bragg’s angle, and β is full width at half maximum. The
data of the average particle size calculated for each all sample
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Figure 2: The effect of Ni concentration (x) on the variation of X-
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are reported in Table 2. As seen from the table, the calculated
values of particle size lie in the range of 40–59 nm.

3.3. Grain Diameter. Magnetic and electrical properties are
sensitively depending on the microstructure of ferrites.
Grain diameter is more an important parameter affecting
the magnetic properties of ferrites. Grain growth is closely
related to the grain boundary mobility. Recrystallization and
grain growth involve the movement of grain boundaries
[18]. The SEM micrographs for the fractured surface of
the samples are shown in Figure 4. The SEM micrographs
indicate the distribution of grains with nonuniform size. The
average grain diameter (D) of the samples was calculated
from the SEM micrographs. The variation of grain diameter

with Nickel content (x) is shown in Figure 5. The values of
the grain diameter lie in the range between 6 and 14 μm.
These values are summarized in Table 2. The highest values
were recorded for x = 0.3 and 0.5, however the lowest for
x = 1.0 (i.e., NiFe2O4). This variation in grain diameter can
be attributed to different factors such as diffusion coefficient
and the concentration of dissimilar ions [19]. Obviously, the
grains diameters observed by SEM are several times larger
than the particle diameters calculated using XRD patterns,
which indicates that each grain observed by SEM consists of
several particles [20]. Regarding Figures 3 and 5, it is noticed
that the larger the grain diameter, the lower the porosity. This
behavior could be attributed to the fact that the samples with
high porosity contain many pores which formed on the grain
boundary.

3.4. IR Spectral Analysis. The IR absorption spectra recorded
in the range of 1000–200 cm−1 are shown in Figure 6. The
absorption bands are summarized in Table 3. It is a well-
known fact that the normal and inverse cubic spinels have
four IR absorption bands signifying the four fundamentals
(νa1, νa2, ν3, and ν4) [21].

The IR spectrum of pure Li-ferrite (x = 0.0) was discussed
previously in more detail by our group [8, 22]. From
Figure 6 it is noticeable that the main absorption bands
(νa1 and νa2) have appeared in all series of the investigated
ferrite system. These two bands are common in almost all
spinel ferrites. They are located around 600 and 400 cm−1,
respectively. In the present work, the high frequency band
νa1 and the second absorption band νa2 are found in the
ranges 572–590 cm−1 and 382–404 cm−1, respectively. These
are attributed to tetrahedral and octahedral site complexes
in spinel structure [23]. The values of νa1 are higher than
those of νa2 indicating that the normal mode of vibration
of the tetrahedral complexes is higher than that of the
corresponding octahedral site. This may be due to the shorter
bond length of the tetrahedral site (RA = 1.89 Å) than that
of the octahedral site (RB = 1.99 Å). Weaker band (ν3)
around 327–331 cm−1 has been observed in the samples of
x = 0.0, 0.1, and 0.3 only. This band may be due to divalent
metal ion-oxygen complexes in octahedral sites. Hence, its
appearance can be considered as an evidence of the existence
of the divalent iron ions Fe2+ [22]. Moreover, the decrease
in the intensity of this band with composition x indicates
the decrement of Fe+2 ions by increasing Ni-content in the
studied samples.

Another very small shoulders around 707, 667 and
543 cm−1 have appeared in the IR spectra of the samples
(with x = 0, 0.1, and 0.3) for tetrahedral site then completely
disappeared for higher concentration of Ni2+. Such shoulders
have been recorded also for Li0.5Fe2.5O4 by many authors
[8, 24]. These bands are denoted by ν1(1), ν1(2), and ν∗1 . It
has been shown by Potakova et al. [25] that the presence
of Fe2+ ions in ferrites can produce splitting or shoulder of
absorption bands. It is attributed to Jahn-Teller distortion
produced by Fe2+ ions which locally produce deformation
in the crystal field potential and hence splitting of the
absorption bands.
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Figure 4: SEM micrographs for x = 0.0, 0.3, 0.5, 0.7, and 1.0.

Table 3: IR absorption bands of Li0.5−0.5x NixFe2.5−0.5xO4.

Sample (x)

Tetrahedral site (A-site) Octahedral site (B-site)

Fe3+-O2− (cm−1) Li-O (LiO4) Fe3+-O2− Divalent Fe2+

ν1(1) ν1(2) νa
4 ν∗1 ν2(1) νa

2 ν3 ν4 νth

0.0 707 667(sh) 576 543(sh) 450 382 327 267 786

0.1 707 672(sh) 577 528(sh) 458 382 331 255 784

0.3 706 — 572 — — 386 331 257 768

0.5 — — 576 — — 389 — 261 776

0.7 — — 573 — — 393 — 259 772

0.9 — — 589 — — 404 — 255 772

1.0 — — 590 — — 404 — 261 770
a
primary, sh: shoulder.
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According to Tarte [26], the high frequency band ν2(1)

recorded only for x = 0.0 and x = 0.1 in the range
450–458 cm−1 could be assigned to Li+-O2− complexes on
octahedral site. The intensity of this band goes on decreasing
with the increase in x since the Li+ content decreases with
increasing in x, so it persists only up to x = 0.1. Then it com-
pletely disappeared for x ≥ 0.3.

The force constants, for tetrahedral site (kt) and octa-
hedral site (ko), were calculated employing the method
suggested by Waldron [27]. According to Waldron, the force
constants for tetrahedral A-sites (kt) and octahedral B-sites
(ko) are given by

kt = 7.62MA · ν2
110−7 N/m,

ko = 10.62MB/2 · ν2
210−7 N/m,

(5)

where MA and MB are the molecular weights of cations on A-
and B-sites, respectively, calculated from cation distribution
formula suggested in Table 2. The values of the force con-
stants are listed in Table 4. Figure 7 shows the variation of the
force constants Kt and Ko with (x). It can be seen that Kt ini-
tially decreases at x = 0.1. Then it increases as x increases
from x = 0.3 up to x = 1.0. However, Ko increases linearly
with x. Furthermore the calculated values of Kt are greater
than those of the corresponding values of Ko. However the
values of the bond length of A-site (RA) are smaller than
those of B-site (RB). This is due to the inverse proportionality
between the bond length and the force constants [24].

3.5. Elastic Properties. The ultrasonic pulse transmission
technique (UPT) is the most conventional technique for ela-
stic constants and Debye temperature determination [28]. To
study the elastic properties of spinel ferrite and garnet sys-
tems, a new technique based on the infrared spectroscopy
has been developed by Modi et al. [14, 29, 30]. The different
elastic modulii can be evaluated using the following relations.

The bulk modulus (B) of solids is defined as

B = 1
3

(C11 + 2C12), (6)

where C11 and C12 are the stiffness constants. But according
to Waldron [27] for isotropic materials with cubic symmetry
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Table 4: The force constants and Elastic constants calculated for Li-Ni ferrite samples.

x/parameter
M1 M2 Kt Ko C11 B E G σ VI Vt Vm

VA × 10−6

(m3)
θD (K)

(Kg/m3) (N/m) (GPa) (103 m/s)

0.0 0.056 0.087 141.189 67.599 125.624 125.624 125.611 41.875 0.5 5.138 2.966 3.293 6.216 450.786

0.1 0.053 0.092 135.477 71.609 124.600 124.600 124.586 41.533 0.5 5.083 2.935 3.258 6.216 446.019

0.3 0.055 0.096 136.796 76.275 128.202 128.202 128.187 42.734 0.5 5.081 2.933 3.257 6.193 446.368

0.5 0.056 0.101 141.333 81.020 133.786 133.786 133.771 44.595 0.5 5.126 2.959 3.285 6.193 450.311

0.7 0.056 0.106 139.899 87.160 136.618 136.618 136.603 45.539 0.5 5.117 2.954 3.280 6.193 449.527

0.9 0.056 0.112 147.858 96.827 147.223 147.223 147.207 49.074 0.5 5.249 3.031 3.365 6.194 461.131

1.0 0.056 0.114 148.361 99.193 148.949 148.949 148.933 49.650 0.5 5.249 3.031 3.364 6.194 461.116

like spinel ferrites and garnets, C11 ≈ C12, therefore, B = C11.
Also, the force constant (k) is related to the stiffness constant
by [k = aC11] [13], where k is the average force constant
(k = (kt + ko)/2). Further, the values of the longitudinal ela-
stic wave (Vl) and the transverse elastic wave (Vt) have been

determined as follows [27, 28, 31]:

Vl =
(
C11

dx

)1/2

, Vt = Vl√
3
. (7)
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The values of Vl and Vt are used to calculate the elastic
moduli and Debye temperature of the ferrite specimens using
the following formulae [31]:

Rigidity modulus (G) = dxV
2
t ,

Poisson’s ratio (σ) = (3B − 2G)/(6B + 2G),
Young’s modulus (E) = (1 + σ)2G,

Mean elastic wave velocityVm=(1/3)[(2/V 3
l )+(1/V 3

t )]
−1/3

.
All the values of different elastic moduli of the studied Li-
Ni ferrite system were calculated and reported in Table 4.
From this table, it can be seen that, B, E, and G increase
with increasing Ni-content (x). Following Wooster’s work
[32], the variation of B, E, and G with increasing Ni-content
(x) may be interpreted in terms of the interatomic bonding.
Thus, it can be deduced from the increase of elastic moduli
with concentration (x) that the interatomic bonding between
various atoms is being strengthened continuously. The values
of Poisson’s ratio (σ) were found to be constant (σ = 0.35)
for all samples. Further these values lie in the range from
−1 to 0.5 which is consistent with the theory of isotropic
elasticity [33].

The Debye temperature was calculated employing the
following formula reported by Raj et al. [31] and listed in
Table 4:

Debye temperature (θD) = h

kB

[
3NA

4πVA

]1/3

·Vm, (8)

where VA is mean atomic volume given by (M/dx)/q, M the
molecular weight, q is the number of atoms in the formula
unit (i.e., 7), and NA is Avogadro’s number. Figures 8(a)–
8(d) show the variation of the Debye temperature (θD) with
composition. It is well shown from the figure that (θD) dec-
reases firstly in the range of 0.0 ≤ x ≤ 0.3. Further increase
of x (0.3 ≤ x ≤ 1.0), that is, in Ni-rich samples, leads to
a corresponding increase in (θD). The observed increase in
Debye temperature (θD) with nickel concentration (x) in
the range of 0.3 ≤ x ≤ 1.0 suggested that lattice vibrations
are hindered due to Ni-substitution. This may be due to the
fact that strength of interatomic bonding increases with con-
centration (x) as supported by our results on the variation of
elastic moduli.

4. Conclusion

The single-phase cubic spinel formation of the compositions
of the ferrite system, Li0.5−0.5xNixFe2.5−0.5xO4 (where, x = 0,
0.1, 0.3, 0.5, 0.7, 0.9, and 1.0), has been confirmed from X-ray
diffraction patterns. No impurity phases have been detected
from X-ray charts. The lattice constant is constant over
the whole range of Ni-substitution (x). The experimental
and theoretical lattice constants are in good agreement with
each other confirming that the suggesting cation distribution
is acceptable. X-ray density increases with Ni-substitution.
The calculated values of particle size lie in the range 40–
59 nm. The main absorption bands of spinel ferrite have
appeared through IR absorption spectra recorded in the
range of 1000–200 cm−1. The analysis of IR spectra indicates
the presence of splitting in the absorption band due to the
presence of small amounts of Fe2+ ions in ferrite. The force

constants for tetrahedral and octahedral, elastic moduli,
Debye temperature (θD), and transverse (Vt) and longitudi-
nal (Vl) wave velocity have been determined. The variation of
elastic moduli with composition has been interpreted in
terms of binding forces between the atoms of spinal lattice.
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