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Abstract 

Normal micelle method is a well-defined reacting mixture for the synthesis of 

nano structured and functional  ferrite particles of controlled size and shape 

having the general chemical formula Ni0.6Co0.2Zn0.2Fe2-xPrxO4(x=0.00 to0.10 

in the step of 0.025). The Fourier Transform Infrared Spectra (FT–IR) of the 

Ni–Co–Zn ferrite system have been analyzed in the frequency range of 4000–

400cm1. The high frequency absorption band ‘υ1’ around 620 cm-1 assigned to 

tetrahedral complex and low frequency absorption band ‘υ2’ around 420 cm-1 

assigned to octahedral complex. The force constant, bond length and Debye 

temperature were determined by infrared spectra analysis. The force constant, 

lattice constant and pore fraction have been used to investigate the elastic 

moduli such as Young’s Modulus, Bulk Modulus, Rigidity Modulus.  
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1. INTRODUCTION 

The nanocrystalline spinel ferrites have been studied extensively due to their potential 

applications in non-resonant devices, radio frequency circuits, high-quality filters, rod 

antennas, transformer cores, read-write heads for high speed digital tapes, and 

operating devices, magnetic drug delivery, magnetic fluid, high density information 

storage etc. [1-3]. Rare-earth elements have a vital role in the development of 

technology because they exhibit some important physical properties like 

luminescence [4-5], superconductivity [6], laser [7], etc. Mixed ferrites like Ni–Zn-

ferrites and Co–Zn-ferrites appear to be the most important magnetic materials in this 
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family. Prior research also indicated improvement of soft magnetic property by 

doping in Ni–Zn-ferrite [8], which inspired the choice of the present ferrite.    Ni–Co–

Zn ferrites have been synthesized by an oxalate precursor method [9]. Some of these 

methods are Ceramic Method, Co-precipitation Method, Citrate Precursor Method, 

Sol–gel auto-combustion Method and Micro-emulsion method [10].  

However, to the best of author’s knowledge there is no work carried out in the 

literature regarding to the substitution Pr+3 doped Ni–Co–Zn-ferrite nanoparticles. 

Prepared by the normal micelle method. In the present work we decided to study the 

effect of Pr+3 on the structural and Elastic properties of Ni–Co–Zn with a chemical 

formula (x=0.00 to0.10 in the step of 0.025).  

 

2. EXPERIMENTAL 

Materials 

The analytical grade reagent of Nickel nitrate (Ni(NO3)2.6H2O), Cobalt nitrate 

(Co(NO3)2.6H2O), zinc nitrate (Zn(NO3)2.6H2O), Ferric nitrate (Fe(NO3)3.9H2O), 

Praseodymium nitrate (Pr(NO3)3.5H2O), (Aldrich 97%) of  Sodium doceyl sulphate 

(SDS) and Methyl amine and used in the synthetic reaction without any further 

treatment. 

 

Synthesis of Pr+3doped ferrite nanoparticles by normal micelles method 

The normal micro-emulsion method, used to prepare the samples having the chemical 

composition Ni0.6Co0.2Zn0.2Fe2-xPrxO4 (x=0.00 to0.10 in the step of 0.025). The AR 

grade corresponding metal nitrates were used as starting material and were mixed in a 

stoichiometric proportion in double distilled water. An aqueous solution of Sodium 

Doceyl Sulphate (SDS) added into the nitrate mixture with continuous stirring at 

temperature 45 °C, Methyl amine (40% in water) added; with maintain pH  9 at 

constant temperature. Dark brown precipitate formed and stirring continued for next 3 

hours at temperature 60 °C, until the precipitate digested. The precipitate filtered 

through Wattman filter paper No. 41, the precipitate were washed with double 

distilled water and dried at room temperature, resulting a brown coloured powder.   

 

3. RESULTS AND DISCUSSION 

Infrared spectra Studies 

Figure 1 shows FT–IR spectrum of investigated system in the range of 4000-400 cm-1. 

The absorption bands obtained are in the expected range, which confirms the 

absorption band ‘1’ around 600–620 cm-1 is assigned to the intrinsic stretching 
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vibrations of tetrahedral complexes and band ‘2’ around 400–420 cm-1 is assigned as 

octahedral complexes  which are characteristics  features of spinel ferrites [11].  

The higher frequency band ‘υ1’ is nearly constant for the different Pr+3 ions 

substitutions. The lower frequency band ‘υ2’ slightly shifts to higher frequency, 

increasing in the Pr+3 ions content, with obvious broadening. 

This shifts can attributed to the decrease in metal–oxygen bond length due to the 

displacement of larger Pr+3  ions in  the B–sites by smaller Fe+3 ions. The observed 

decrease in the band intensity with increasing in Pr+3content can be due to 

perturbation occurring in Fe–O bands by substitutions of Pr+3 ions [12].  

 

Figure 1: Infra-red Spectrum of Ni0.6Co0.2Zn0.2Fe2-xPrxO4 (x=0.050) 

 

The absorption peaks at 1642 cm-1 attributed to the absorbed water molecules and 

adsorbed or atmospheric CO2 [13]. The adsorbed water molecule is assigned by bands 

around 3400 and 1600 cm-1, which are assigned to the O–H stretching and H–O–H 

bending modes of vibration, respectively [14]. The absorption peaks 1094 cm-1 

assigned to be deformation of    C–H group [15].   

The force constant for the tetrahedral site (KT) and octahedral site (K0) was estimated 

by employing the method suggested by ‘Waldron’ [20] 
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The force constant (K) is the mean of (KT) and (K0), it’s second derivative of the 

potential energy with respect to inter-nuclear separation, the other independent 

parameters being kept constant. It receives its major contribution from short-order 

closed-shell repulsive forces rather than from coulomb-attractive forces at the ionic 

equilibrium positions. The force constant will therefore be more sensitive to a 

decrease in bond length than to an increase. [16].  

 

Elastic property studies 

Elastic moduli and Debye temperature were calculated through IR data and structural 

data of the presently investigated spinel ferrite samples [17, 18]. These elastic moduli 

were calculated using the values of lattice constant ‘a’, X-ray density ‘dx’, pore 

fraction ‘f’ and force constant ‘K’. The value of Lattice constant ‘a’, X ray density 

‘dx’, Bond lengths (RA & RB),  Force constant ‘K’ are listed in Table 1. 

 

Table 1 Lattice constant ‘a’, X ray density ‘dx’, Bond lengths (RA & RB),  Force 

constant ‘K’ and Poisson’s ratio ‘σ’ of Ni0.6Co0.2Zn0.2Fe2-xPrxO4 

(x=0.00, 0.025, 0.050, 0.075, 0.10) 

Comp. aobs (Å) 
dx 

(g/cm3) 
RA RB Kt(dyne/cm) K0(dyne/cm) 

Poisson’s 

ratio ‘σ’ 

0.00 8.1134 5.863 0.3796 0.3039 179222 103838.2 1.2888 

0.025 8.2808 5.565 0.3799 0.3041 175243 101348.5 1.2869 

0.050 8.3621 5.430 0.3802 0.3042 177588 102238.3 1.2849 

0.075 8.4128 5.402 0.3805 0.3043 180986 104186.9 1.2818 

0.10 8.4646 5.350 0.3808 0.3045 183759 106106.7 1.2786 

 

The elastic constants are of much importance because they elucidate the nature of 

binding forces and to understand the thermal properties of solids. The elastic moduli 

often used are Young’s modulus, Bulk modulus, Rigidity modulus and Poisson’s 

ratio. Among all the elastic constants of ferrites, Young’s modulus is special interest 

because it is the decisive factor for the most widely employed core shapes, namely 

rods and rings [16]. The stiffness constant (C11) calculated using relation [19],  
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The value, of stiffness constant (C11) and (C12) are calculated and described in Figure 

2. The stiffness constants decrease with increase in Pr+3 ions content. The values of 

Poisson’s ratio calculated using the relation discussed elsewhere [20] and the values 

are in Table 1. The values of Poisson’s ratio are decreased with the increasing Pr3+ 

ions content. The other elastic moduli for cubic structure are calculated using 

following relation [21], 

 

 

Figure 2: Variation of stiffness constant with Pr+3 Content. 

 

The Young’s modulus (E), Bulk Modulus (K) and Rigidity modulus (GO) calculated 

by using above equations and variation is illustrated in Figure 3.  
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Figure 3: Variations of Elastic Moduli with Pr+3 Content. 

 

Debye temperature ‘θE’ calculated using formula; 
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Where,  

‘h’ is planks constant, k is Boltzmann’s constant, M is molecular weight, ‘q’ is 

number if atom in the unit formula and Vm mean wave velocity.    

The variation of Debye temperature (E and I) is decreases with Pr3+ ions substitution 

as shown in Figure 4. Debye temperature represent the temperature at which nearly all 

modes of vibration in solid are excited and decrease in Debye temperature implies the 

decrease in the rigidity of the ferrite. 

 

Figure 4: Variation of Debye Temperature (θI and θE) with Pr+3 Content. 
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4. CONCLUSION 

Normal micelles method to prepare the Pr+3-doped nanoferro spinle compounds 

having the general formula Ni0.6Co0.2Zn0.2Fe2-xPrxO4 (x=0.00 to 0.10 in the step of 

0.025). FT-IR shows two absorption bands ‘1’ around 600-620 cm-1 is assigned to 

the intrinsic stretching vibrations of tetrahedral complexes and band ‘2’ around 400-

420 cm-1 is assigned as octahedral complexes. The bond lengths (RA and RB) 

increases with increase in Pr+3 content. The Poisson’s ratio decreases with increase in 

Pr+3content. Stiffness constants (C11 and C12) decreases with increase in Pr+3content. 

Variation of Elastic Moduli Young’s modulus (E), Bulk modulus (K) and Rigidity 

modulus (G) increases as Pr+3content increases. The variation of Debye temperatures 

(E and I) is decreases with Pr3+ content and decrease in the rigidity of the ferrite. 
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