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ABSTRACT 

Li1+ substituted Ni-Zn ferrites were synthesized using oxalate precursor method. FTIR spectra of 
synthesized compositions were recorded from 350 to 800 cm-1. Two absorption bands corresponding to 
tetrahedral and octahedral sites were observed between (579-591 cm-1) and (407-424 cm-1) The force 
constant for tetrahedral and octahedral sites were determined and found to decrease with increase in Li1+ 
content. Elastic parameters such as Young’s modulus, Bulk modulus, Modulus of rigidity, Debye temperature, 
Wave velocity were estimated as a function of composition and corrected to zero porosity. All these elastic 
moduli are observed to decrease with increasing Li1+ concentration. The bulk modulus to rigidity modulus 
ratio indicates the brittle nature of synthesized material. 
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INTRODUCTION:  
 Soft ferrites have attracted a lot of attention due to their technological applications. Ni-Zn ferrites 
are the versatile magnetic material due to their high electrical resistivity, high saturation magnetization, low 
losses, moderate permeability, high mechanical hardness, more chemical stability and high Curie 
temperature [1-3]. Ni-Zn ferritesare mainly used in high frequency applications particularly at microwaves 
[3]. The fundamental properties of ferrite materials are very much sensitive to many parameters such as 
method of preparation, nature and amount of substitution and distribution of cations [4-6]. Many synthesis 
techniques such as ceramic [7], sol-gel [8], hydrothermal [9], co-precipitation [10], combustion route [11] 
have been used for the preparation of ferrite materials. 

Ferrites synthesized using ceramic method involves high reaction temperature, long reaction time 
resulting in large particles with non-uniform in size. To overcome these difficulties the chemical routes have 
been considered and employed for the preparation of ferrite to get homogeneous product [8-11]. 

Many workers [12-15] have indicated that an introduction of relatively small amount of foreign ions 
in to Ni-Zn ferrites results in the modified electrical and magnetic properties.Study of elastic parameters of 
ferrite material is great importance to understand the behaviour of engineering materials and related to 
many physical properties of solids. They provide information about the nature of inter atomic and inter ionic 
binding forces in the materials [16-18]. The values of elastic parameters reveal high mechanical strength, 
fracture toughness and thermal shock tolerance. Therefore in the present study, it is decided to synthesize 
the various compositions of Li1+ substituted Ni-Zn ferrites using oxalate precursor and study their elastic 
properties as a function of composition. 
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EXPERIMENTAL: 
Various compositions of Ni0.32 Zn0.68-2XLiXFe2-XO4(x = 0.00, 0.025, 0.05, 0.075, 0.10, 0.125, 0.150, 0.175 

and 0.20) have been synthesized using oxalate precursor method. Ni-Zn-Fe oxalates were synthesized using 
a method suggested by Wickham [19] and lateron modified by M. Bremer et. al [20] for Mn-Zn ferrites. 
Lithium oxalateswere prepared separately by the method suggested by Dollimoreet. al [21]. The resulting all 
solid solution oxalates were mixed and decomposed at 4000C for three hours. The decomposed powder was 
again sintered at 10500C for four hours in air atmosphere. These ferrite compositions thus prepared were 
characterized using FTIR to study effect of Li1+ substitution on vibrational bands and elastic properties of Ni-
Zn ferrites. FTIR spectra were recorded in the range of 350 – 800 cm-1 at room temperature. 

 
RESULT AND DISCUSSION:  

Fig. 1 (a, b, c) shows the FTIR spectra for Ni0.32Zn0.68-2XLiXFe2-XO4 ferrites particles recorded at room 
temperature in the range of 350 – 800 cm-1. According to Waldron [22], ferrite material can be considered as 
continuously bonded crystal i.e the atoms are bonded to all the nearest neighbours by equivalent forces. In 
present the ferrite system, the appearance of two absorption bands corresponds to stretching vibration of 
tetrahedral and octahedral complexes (ν1 and ν2) confirms the formation of spinel type structure. The 
positions of ν1 and ν2 are tabulated in Table 1. It is observed that the absorption bands for present ferrite 
system are found to be in the expected range of high frequency band ν1 is at 579-591 cm-1 and low 
frequency band ν2 is at 407-426 cm-1. Lavat and Baran [23, 24] suggested that the high frequency absorption 
peak in the range of 600-500 cm-1 is assigned to intrinsic stretching vibration of bands between tetrahedral 
metal ion and oxygen ions and low frequency absorption peak to stretching vibration of bands between 
octahedral metal ion and oxygen ions. The positions of high frequency band ν1 and low frequency band ν2 
slightly vary due to the difference in Fe3+-O2- distances for both tetrahedral and octahedral sites. The values 
of ν1 are higher than the values of ν2 indicates that the normal mode of vibration of tetrahedral complexes is 
higher than the corresponding octahedral sites. This behaviour may be attributed to the bond angles of 
tetrahedral and octahedral sites. 
 It is also observed that as Li1+ content increases in Ni-Zn ferrites ν1 shifts to higher frequency side and 
ν2 shift towards lower frequency side. This may be due to the changes in the cation distribution of spinel 
lattice. 
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Fig. 1 (a) FTIR spectra for Ni0.32Zn0.68-2XLiXFe2-XO4 ferrite system 
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Fig. 1 (b) FTIR spectra for Ni0.32Zn0.68-2XLiXFe2-XO4 ferrite system 
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Fig. 1 (c) FTIR spectra for Ni0.32Zn0.68-2XLiXFe2-XO4 ferrite system 

 
 The force constants corresponding to tetrahedral and octahedral site were calculated using the 
method suggested by Waldron. The force constants in terms of molecular weight of cations on A and B site 
and absorption band position are determined using the relation given by Pathak et al [25], 
 

ଵܭ = 7.62 × × ଵܯ ଵ߭
ଶ × 10ି଻ N/m 

௢ܭ = 10.62 × ெమ
ଶ

× ߭ଶ
ଶ × 10ି଻ N/m 

 
WhereK1and K0 are force constants of tetrahedral and octahedral sites, M1and M2 are the molecular 

weight of tetrahedral and octahedral sites obtained from the cation distribution [Zn0.68-2XFe0.32+2X]A 
(Ni0.32LiXFe1.68-X)BO4

2-, ν1and ν2 are the corresponding centre frequency on tetrahedral and octahedral sites. 
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Table 1: Data on vibrational bands (ν1 and ν2), force constants (Kt and K0) and longitudinal modulus (L), 
shear modulus (G), Bulk modulus (B), Young modulus (E) for present ferrite system. 

X ν1 
cm-1 

ν2 
cm-1 

Kt (N/m) K0 
(N/m) 

L 
(GPa) 

G 
(GPa) 

B 
(GPa) 

E 
(GPa) 

0.00 579 424 159.22 107.49 159.04 53.0134 88.3557 132.53 
0.025 579 426 158 107.6 158.416 52.8054 88.0091 132.01 
0.05 580 422 157.33 104.17 155.985 51.9948 86.6581 129.99 

0.075 585 416 158.81 100.1 154.481 51.4937 85.8228 128.73 
0.10 585 410 158.35 96.144 151.899 50.6329 84.3882 126.59 

0.125 586 415 156.86 97.385 151.804 50.6013 84.3356 126.50 
0.150 586 410 155.61 93.961 149.068 49.6895 82.8158 124.23 
0.175 588 409 155.42 92.417 148.067 49.3556 82.2593 123.39 
0.20 591 407 155.74 90.44 147.148 49.0493 81.7488 122.62 

 
The variations of force constant K1 and K0 with increase in Li1+ content are shown in Table 1. It is 

observed that both the force constant K1 and K0decreases with increasing Li1+ in Ni-Zn ferrites.  
Debye temperature for present ferrite composition was determined using equationgiven by [22, 26] 

and tabulated in Table 3. 
 

ଵߠ = .௔௩߭ܿߣ  = 1.438߭௔௩. 
 

Where   ߭௔௩ =  ቀజభାజమ
ଶ

ቁ 

 
It is observed that Debye temperature decreases with increasing Li1+ substitution and found 

between 715 to 722 K. MazenS. A. et al [27] have observed that a decrease in Debye temperature with 
increase in Mn content in Li-Mn ferrites and discussed this behaviour is on the basis of specific heat theory in 
which the electrons absorbed the part of heat hence ߠଵ decreases suggesting the conduction process is 
mainly due to electrons. 

The longitudinal VL and transverse VT wave velocity were calculated using the relation [28], 
 

 ௅ܸ =  ቀ஼భభ
ఘೌ

ቁ
ଵ/ଶ

     ௧ܸ =  ௏ಽ

√ଷ
 

 
The average force constant k is the product of stiffness constant (C111 = L, longitudinal modulus and 

lattice constant (a). ρa is the density. Both the values of longitudinal and transverse wave velocities are 
observed to decrease with increase in Li1+ content. It is also observed that the values of transverse wave 
velocity are less than the longitudinal wave velocity. This behaviour is explained by Lakani et al [29] as in 
case of transverse wave velocity, the particles in the medium vibrate perpendicular to the direction of 
propagation of wave motion, hence it required alarger energy to make the neighbouring particles vibrate 
accordingly resulting in the reduction in the energy of wave and hence the velocity of transverse wave is 
nearly half of the velocity of longitudinal wave. 

The elastic moduli, poissons ratio and mean wave velocity was determined using the following 
relation [30].  

Shear Modulus (G) =  ρ × (V୲)ଶ 

Bulk modulus (B) = L − ൬
4
3

൰ G 

Young′s Modulus (E) =  (1 + σ)2G 
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Poisson′s ratio (ߪ) =  
ܤ3 − ܩ2
ܤ6 + ܩ2

 

Mean wave velocity (V୫) =  ቈ
1
3

ቆ
1

V୐
ଷ +  

2
V୲

ଷቇ቉
ିଵ/ଷ

 

 
Using the value of mean wave velocity Debye temperature θD was determined using the Anderson’s 

relation [31]. 
 

Debye temperature (θୈ) =  
h

K୆
൬

3ρqN୅

4πM
൰

ଵ/ଷ

V୫ 

 
Where h =Planck’s constant, KB = Boltzmann constant,  NA = Avogadro’s number, M = Molecular 

weight of the composition, q = Number of atoms in unit formula, ρ = density of the sample 
The values of these elastic moduli are tabulated in Table 1 and 2. It is observed that all these elastic 

moduli decreases with increase in Li1+ content. That may be due to inter atomic bonding between various 
atoms which getting weakened continuously. Similar observations have been made by Patilet. al [32] for Co-
Zn ferrites. 
 The Debye temperature θD obtained from Anderson formula are given in Table 3. It is observed that 
Debye temperature obtained from Waldron equation is higher than that of Anderson formula. It is also 
observed that θD decreases with increase in Li1+ content as similar to the Debye temperature θ1 obtained 
from Waldron’s equations. Debye temperature represents the temperature at which all the modes of 
vibrations are excited and decrease in it implies the decrease in rigidity of ferrite materials. 

As the polycrystalline ferrite materials are porous then the values of elastic constants have been 
corrected to zero porosity. The elastic moduli corrected to zero porosity are determined using Hasselman 
and Fulrath formulae [33]. 

 
1

E଴
=  

1
E

ቈ1 −
3f(1 − σ)(9 + 5σ)

2(7 − 5σ)
቉ 

 

σ଴ =  ൤
E଴

2G଴
−  1൨ 

 
1
G଴

=  
1
G

൤1 −
15f(1 − σ)

(7 − 5σ)
൨ 

 

L଴ =  K଴ +
4
3

G଴ 

 

K଴ =  ൤
E଴G଴

3(3G଴ − E଴
൨ 

 
The elastic moduli corrected to zero porosity are given in Table 2. It is observed that the magnitudes 

of elastic constants corrected to zero porosity are higher than that of elastic constants which are not 
corrected to zero porosity. 
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Table 2: Data on longitudinal wave velocity (VL) and Transverse wave velocity (VT), , Mean wave velocity 
(Vm), Poissons ratio (σ), elastic moduli corrected to zero porosity (E0, G0, B0, L0, σ0) 

X VL (m/s) VT 
(m/s) 

VM 
(m/s) 

E0 
(GPa) 

G0 
(GPa) 

B0 
(GPa) 

L0 
(GPa) 

σ σ0 

0.00 5623 3246 3604 152.66 60.84 103.70 184.82 0.25 0.254 
0.025 5519 3187 3538 139.82 55.85 93.90 168.36 0.25 0.251 
0.05 5466 3456 3504 134.72 53.84 90.21 161.99 0.25 0.251 

0.075 5450 3146 3454 132.66 53.03 88.77 159.48 0.25 0.250 
0.10 5452 3148 3495 133.47 53.32 89.58 160.66 0.25 0.251 

0.125 5461 3153 3500 132.73 53.03 89.02 159.73 0.25 0.251 
0.150 5449 3146 3493 132.32 52.85 88.92 159.38 0.25 0.251 
0.175 5425 3132 3478 129.18 51.62 86.62 155.43 0.25 0.251 
0.20 5425 3132 3478 128.31 51.27 86.02 154.38 0.25 0.251 

 
Fig. 2 shows the plot of mean sound velocity Vm against the Debye temperature obtained from 

Anderson formula. It is observed that mean sound velocity increases linearly with the Debye temperature 
indicating the direct relationship between acoustic parameter and thermodynamic parameter i.emean 
sound velocity and Debye temperature. Similar relationship is observed by Reddy et al [34] for Mn-Mg 
ferrites and Ravinder et al [35] for Li-Mn ferrites. 

The phonon frequency for each composition was determined from FTIR spectra and tabulated in 
Table 3. It is observed that the value of νph at A site is slightly larger than that of νph at B site. This may be due 
to A site is characterized by the covalent bond only and B site by both ionic and covalent bond. S. A. Mazen 
et al [36] have been observed similar observation for Li-Mn ferrites. 

 
Fig. 2 Plot for Debye temperature θD against mean sound velocity Vm. 

  
 The ratio of Bulk modulus to Rigidity modulus represents the ductibility/brittleness nature of 
synthesized material – this is the Pugh criteria [37]. If this ratio is larger than the critical value 1.75 the 
material is said to be ductile in nature and if lower than 1.75 then the brittle nature. For the present ferrite 
system the ratio is presented in Table 3 and the values are found to be in the range of 1.68 -- 1.70 i.e slightly 
smaller than the critical value. Hence the synthesized ferrite materials are found to be of brittle in nature. 
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Table 3: Data on Debye temperatures (θD, θ1), B0/G0 ratio, Phonon frequency [νph (Asite) and νph (B site)] 
X θD (K) θ1 (K) B0/G0 νph (Asite) Hz νph (B site) Hz 

0.00 478.80 721.16 1.70 1.735*1013 1.271*1013 
0.025 476.17 722.60 1.68 1.735*1013 1.277*1013 
0.05 473.52 720.44 1.67 1.738*1013 1.265*1013 

0.075 472.67 719.72 1.67 1.753*1013 1.247*1013 
0.10 471.21 715.40 1.68 1.753*1013 1.229*1013 

0.125 472.53 719.72 1.68 1.756*1013 1.244*1013 
0.150 470.50 716.12 1.68 1.756*1013 1.229*1013 
0.175 469.92 716.84 1.68 1.762*1013 1.226*1013 
0.20 470.11 717.56 1.68 1.771*1013 1.22*1013 

 
CONCLUSIONS: 
1] Various compositions of Li1+ substituted Ni-Zn ferrites were synthesized using oxalate precursor method. 
2] Formation of spinel structure was confirmed using FTIR spectra which designate two absorption bands 
one for tetrahedral site (579-591 cm-1) and other for octahedral site (407-424 cm-1). Tetrahedral absorption 
bands increases with increase in Li1+ whereas octahedral band decreases. 
3] The force constants for two sites were calculated and found that both force constants decreases with 
increasing Li1+ content. 
4] The wave velocity, elastic constants and Debye temperature were determined using FTIR data and found 
to decrease with increasing Li1+ content in Ni-Zn ferrites. 
5] Elastic moduli are corrected to the zero porosity. 
6] The bulk modulus to rigidity modulus ratio indicates the brittle nature of synthesized materials. 
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