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ABSTRACT : 

 Ferrite powders with chemical 
composition MgxCo0.3Zn0.7-xFe2-yLayO4 for x = 0.1 to 
0.5 in the step of 0.1 and y = 0.0 to 0.1 in the step 
of 0.025 were synthesized by the sol-gel auto-
combustion method. The structural and electrical 
properties of the synthesized ferrites were 
investigated. X-ray diffraction technique were 
used to determine the structural 
parameters like lattice constant, X-
ray density, particle size, 
hopping lengths and allied 
parameters. D. C. 
electrical resistivity 
measurements were 
taken by using two 
probe techniques. 
The hopping lengths 
‘LA’ and ‘LB’ are found 
to increase with 
increase in Mg2+ and 
La3+ concentration. 
The d.c. resistivity 
decreases as the Mg2+ 
and La3+ content increases 
as well as the activation 
energy calculated from d.c. 
resistivity plots shows increasing 
trend.  

KEYWORDS: Hopping lengths, d.c. resistivity, 
activation energy. 

 
 
 

INTRODUCTION 

The great attention has focused on the 
preparation and characterization of super 
paramagnetic metal oxide nanoparticles of 
spinel ferrites, MFe2O4 (M = Co, Mg, Mn, Ni, 
etc.)[1]. TheSpinel ferrites are widely used 

magnetic materials in low cost 
and high performance 

devices. Nano crystals of 
spinel ferrite, a class of 

complex oxides, are 
under intense 
investigation to 
design with 

improved 
properties and 
for widespread 
applications. [2]. 

Ferrite 
nanoparticles find 

important 
applications in 

catalysis, data storage, 
and drug delivery systems 

and in medical diagnostics [3-6]. 
Nanosize particles of ferrites can be prepared 
using various synthesis techniques like 
hydrothermal [7], solid state [8] 
microemulsions [9] and other chemical 
methods [10]. among these various 
preparation methods of the ferrite 
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nanoparticles, the sol–gel auto-combustion Sol gel technique thermally induced anionic 
redox reaction takes place, to form exothermic reaction between oxidant and reluctant with high 
enough desirable phase with a very short time [11].Co-Zn ferrite has attracted to the research 
interest based on its fascinating magnetic properties and potential applications in the field.  Co –Zn 
ferrites are highly sensitive to temperature[12].In the present paper we report the structural and 
electrical studies on MgxCo0.3Zn0.7-xFe2-yLayO4prepared via sol-gel method.  

 
Experimental:  

Ferrite powders of composition MgxCo0.3Zn0.7-xFe2-yLayO4 for (x = 0.1,0.2,0.3,0.4, 0.5 and y = 
0.0,0.025,0.05, 0.075, 0.1) were synthesized by the sol-gel auto-combustion method. A.R. grade 
Magnesium Nitrate (Mg(NO3)2·6H2O), Cobalt Nitrate (Co(NO3)2·3H2O), Zinc Nitrate (Zn(NO3)2·6H2O), 
Lanthanum Nitrate (La(NO3)3·9H2O), Ferric Nitrate (Fe(NO3)3·9H2O), and Citric acid (C6H8O7·H2O)  
were dissolved in distilled water to obtain a mixed solution. The reaction procedure was carried out 
in an air atmosphere without the protection of inert gases. The molar ratio of metal nitrates to 
citric acid was 1:3. The metal nitrates were dissolved together in the minimum amount of double-
distilled water needed to obtain a clear solution. An aqueous solution of citric acid was mixed with 
the metal-nitrate solution, and ammonia solution was slowly added to adjust the pH to 7. The 
mixed solution was placed on a hot plate with continuous stirring at 90 ºC. During evaporation, the 
solution formed a very viscous brown gel. When all of the water molecules were removed from the 
mixture, the viscous gel began to froth. After few a minutes, the gel ignited and burnt with glowing 
flints. The decomposition reaction continued until the entire citrate complex was consumed. The 
auto-combustion was completed within a minute, yielding brown-colored ashes referred to as the 

precursor. The as-prepared powders of all the samples were sintered at 600 C for 4 h to obtain the 
final product.  

The samples were powdered for X-ray investigations. Part of the powder was X-ray 

examined by Phillips X-ray diffractometer (Model 3710) using Cu-K radiation (=1.5405Å). The 
scanning step was 0.02º and scanning rate was 2 º/min. The d.c. resistivity measurements were 
taken by using two probe technique. The measurements were taken as a function of temperature in 
the temperature range 300 – 800 K. The measurements were taken in the step of 100 of 
temperature.  

 

Results and Discussion: 
 
1.Structural Analysis: 

Structure and composition of precursor particles were characterized by powder X-ray 
diffractometer (XRD). typical X-ray diffraction (XRD) pattern of the sample of MgxCo0.3Zn0.7-xFe2-

yLayO4(x = 0.3 and y=0.05) shown in Fig. 1 represents the X-ray diffraction patterns of the ferrite 
samples at different Mg2+ and La3+ substitution. The reflection from the planes (2 2 0), (3 1 1), (2 2 
2), (4 0 0), (4 2 2), (3 3 3) and (4 4 0), appeared for all the samples. This reveals that these samples 
are spinel ferrites and have only single cubic phase structure. The alloy formation is confirmed from 
the shift of XRD peak positions (Fig.  1). All samples possess the cubic spinel structure for each 
composition with the appearance of weak peaks as secondary phases (LaFeO3, JCPDS card number 
75-0541) for x > 0.05. An increase in La3+ substitution helps the formation of orthoferrite (LaFeO3) 
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[13] with respect to those of the constituent pure phases. When an alloy is formed of two elements 
with similar crystal structure (isomorphism system), the lattice parameter is different from those of 
pure metals and the shift is a measure of the amount of the elements present. As the XRD peak 
positions are representative of the crystal structure and lattice parameters, a quantitative analysis 
can be carried out 

 

 
 

Fig. 1: Typical X-ray diffraction pattern of MgxCo0.3Zn0.7-xFe2-yLayO4for x = 0.3,y=0.05. 

 
The lattice constant ‘a’ of all the samples was determined by using the relation discussed 

elsewhere [14]. Lattice constant increases with increasing Mg2+ and La3+substitution. 

The X-ray density ‘dx’ was calculated by using the following relation [15], 

x 3

8M
d

Na
       (1) 

 Where M is molecular weight, N is Avogadro’s number and ‘a’ is lattice constant. The X-ray 
density is found decrease increases with increase in Mg2+ and La3+ ion ferrite system. The particle 
size ‘t’ of the samples were calculated by using Scherer equation [14] and the particle size is obtain 
in the few nanometer range. 

Distance between magnetic ions (jump lengths) in tetrahedral A-site and octahedral B-site 
i.e. ‘LA’ and ‘LB’ respectively is given by: 

A

3
L a

4


      
(2)

  

B

2
L a

4


      
(3) 

The variation of hopping lengths with composition x is shown in Fig. 2 and values are given 
in Table 1. It is evident from Fig. 2 that hopping length LA and LB both increased with increase in 
Mg2+ and La3+ ion substitution increases. This behaviour of hopping length with Mg2+ and 
La3+substitution is suggest that jumping probability of ions are increases.  

 



 

STRUCTURAL AND ELECTRICAL MEASUREMENTS IN MG2+ AND LA3+ Doped Co-Zn-Fe-O ……… 

________________________________________________________________________________________ 

________________________________________________________________________________________ 
Available online at www.lsrj.in 

4 
 

 
Fig. 2: Variation of hopping lengths(LA and LB) with Ce3+ composition xof 

MgxCo0.3Zn0.7-xFe2-yLayO4 

 
Using the experimental values of lattice constant ‘a’, oxygen positional parameter ‘u’ and 

substituting using the equations discussed elsewhere [16], the allied parameters such as 
tetrahedral and octahedral bond length (dAx and dBx), tetrahedral edge, shared and unshared 
octahedral edge (dAXE, dBXE and dBXEU) were calculated. The values of all the allied parameters are 
given in Table 1. It is observed that all the allied parameter increases with Mg2+ and La3+ 
substitution increases. 

Table 1: Hopping length LA and LB, Tetrahedral bond (dAX), octahedral bond (dBX), tetra edge (dAXE) and 
octahedral edge (dBXE) (shared and unshared) of MgxCo0.3Zn0.7-xFe2-yLayO4. 

 

 
Comp. x 

Comp. y 
Hopping length dAX 

(Å) 
dBX(Å) 

Tetra edge 
dAXE (Å) 

Octa edge dBXE(Å) 

LA (Å) LB (Å) Shared unshared 

0.1 0.0 3.6313 2.965 1.902 2.047 3.107 2.822 2.966 

0.2 0.025 3.636 2.968 1.905 2.050 3.114 2.826 2.970 

0.3 0.050 3.640 2.972 1.907 2.052 3.115 2.829 2.974 

0.4 0.075 3.642 2.974 1.908 2.053 3.116 2.831 2.975 

0.5 0.1 3.655 2.984 1.915 2.061 3.128 2.841 2.986 

 
2. Electric properties:  
 D.C Resistivity : 

The electrical properties of the ferrite materials are tuneable as they depend on the 
chemical composition, preparation method, sintering temperature type of dopant etc.  Properties 
like electrical conductivity give the valuable information about conduction mechanism. In general, 
the conductivity of spinel ferrites is due to the presence of Fe2+ ions. The conductivity arises due to 
mobility of extra electron, which comes from Fe2+through the crystal lattice [17]. The movement is 
described by a hopping mechanism, in which the charge carriers jump from one ionic site to the 
next [18]. The d.c. electrical resistivity of all the samples by varying temperature were measured by 
using two probe method in the temperature range 300-800 K. the measurements were recorded in 
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the step of 10K. The resistivity of all the samples was determined by using the Arrhenius relation 
[19].  

 
 

Fig. 3: Variation of log  versus 1000/T for the series MgxCo0.3Zn0.7-xFe2-yLayO4. 

 

 Eg
kT

0
e



        (4) 

Where,  is resistivity, Eg is activation energy, T is temperature, k Boltzmann constant 
The temperature dependence of D.C. electrical resistivity of Mg-La substituted Co-Zn ferrite 

is shown in Fig. 3. It is observed from Fig. 3, that the ferrites have semiconducting nature, where 
the D.C. electrical resistivity decreases on increasing the temperature [20]. The values of activation 
energy for paramagnetic region and ferrimagnetic region and the transition temperatures for all the 
samples are summarized in Table 2. It is observed from Table 2, that activation energy for 
paramagnetic region is more as compared to ferrimagnetic region. The conduction mechanism in 
these ferrites can be explained on the basis of hopping of polarons. 

Table 2: Transition temperature (TC) and activation energy (E) for MgxCo0.3 Zn0.7-x LayFe2-y O4. 
 

 

 
 
 
 
 
 
 
 
 
 
 
 

Comp. ‘x’ 
Comp. 

‘y’ 

Transition 
Temperature 

‘TC’ (K) 

Activation energy (eV) 

EP EF E 

0.1 0.0 639 5.8872 5.1823 0.705 

0.2 0.025 627 5.8409 5.1239 0.717 

0.3 0.05 614 5.7602 5.0212 0.739 

0.4 0.075 609 5.7321 4.9848 0.747 

0.5 0.1 598 5.7276 4.9350 0.793 
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CONCLUSIONS: 

The substitution ofMg2+and La3+ ions in Co-Znferrite synthesized by sol gel 
Autocombunation techniques. Hopping length LA and LB both increasing to increase. The Allied 
parameter increase to increase the Mg2+ and La3+ions. The d.c. resistivity decreases as the Mg2+and 
La3+concentration increases. The activation energy calculated from slopes of para and ferri region 
shows increasing trend. This nature of activation energy can be explained on the basis of hopping of 
polarons. 
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