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 Mn0.7Me0.3Fe2O4 (Me = Ni, Co and Zn) were synthesized through co-precipitation method. Cationic 
distribution for these ferrites was proposed on the basis of magnetization measurements and 
available site occupancy of the substituent ions into the spinel lattice. Theoretical lattice constant 
calculations confirm that the proposed cationic distributions were the correct ones. 
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1. Introduction  
Distribution of cations over tetrahedral and octahedral sites has 

been the subject of many researchers [1-4], since electrical, magnetic, 
structural and other properties of ferrite are strongly dependent on the 
arrangement of ions in the unit cell. The factors [5-6] which can 
influence the distribution of the metal ions over the A and B sites are 
their ionic radii, electronic configuration of the metal ions and the 
electrostatic energy of the spinel lattice. The understanding of cation 
distribution is an essential aspect for obtaining a high-quality ferrite 
for a specific application. 

Many investigators have reported the distribution of 
manganese ions over tetrahedral and octahedral sites and the 
observations found to often conflicting. Through neutron diffraction 
study [7, 8], the distribution of cations in manganese ferrite was 
given as( )2+ 3+ 2+ 3+

0.81 0.19 0.19 1.81 4Mn Fe Mn Fe O  
in which nearly 80% of 

manganese occupying tetrahedral sites. In Mn1-xZnxFe2O4 system [9], 
Mn2+ and Fe3+ ions tend to occupy octahedral sites than tetrahedral 
sites. DH Le et. al. [10] concluded through Mossbauer study, Mn2+ 
ions tend to occupy B-sites at lower concentrations and A-sites at 
higher concentration. Krieble et. al. [11] studied CoMnxFe2-xO4 
system and observed the transfer of cobalt ions from octahedral sites 
to tetrahedral sites with an increase in manganese content at B-site. 
Basing on the oxidation state, Mn3+ ions have strong preference for 
octahedral sites when replacing Fe3+ ions in cobalt ferrite [8, 12] 
whereas Mn2+ ions tend to occupy tetrahedral sites [13] if Co2+ is 
replaced by Mn2+. Similar observations have been mentioned in 

cobalt - manganese ferrite by Paulsen et. al.[14]. In Ni1-xMnxFe2O4 
using X-ray diffraction study Qiang-Min Wei et al., [15] reported that 
the system belonged to the family of mixed or partially inverse spinel 
ferrites.  In another report [16] the same authors established that Ni2+ 
ions have strong preference to occupy B-site, whereas the Mn2+ ions 
having preference towards A-site. Cation distribution in NixMn1-y-

xFe2+yO4 has been proposed [17] using thermodynamic method and 
found to be in good agreement with the distribution obtained from X-
ray diffraction study. Occupancy of a fraction of zinc ions to B-sites 
has been reported [18] in Mn-Zn nanoferrites synthesized by 
hydrothermal process.  

The aim of the present work is i) processing of fine 
particles of cobalt containing ferrite samples Mn0.7Ni0.3Fe2O4, 
Mn0.7Co0.3Fe2O4 and Mn0.7Zn0.3Fe2O4 by co-precipitation method 
followed by annealing ii) study of crystallite size from X-ray 
diffraction and Curie temperature of the ferrites iii) determination of 
cation distribution from saturation magnetization measurements iv) 
calculation of the theoretical lattice parameter from the proposed 
cation distribution and comparison of theoretically estimated and 
experimentally obtained lattice parameters. 

2.  Experimental details 
For the preparation of Mn0.7Me0.3Fe2O4 (Me = Ni, Co and Zn) 

through co-precipitation, high pure cobalt, zinc, nickel, manganese 
and iron chlorides were taken in stioichiometric proportions and 
made dissolved separately in minimum amount of deionized water 
according to the chemical formula. 
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(0.7)MnCl2. 4 H2O + (0.3) MeCl2.. 6H2O + 2 FeCl3 + 8 NaOH   → 
Mn0.7Me0.3Fe2O4 + 8 NaCl + 8H2O 
Thus prepared cationic solution were mixed intimately so as to obtain 
the required compositions and stirred intensely for 1 hr to improve 
homogeneity. The resulting solutions, precursors, subjected to 
constant heating at 60oC under continuous stirring. At this stage the 
co-precipitating base, aqueous NaOH in required proportion was 
added slowly drop by drop to the precursor solutions till a massy 
precipitate was formed at the bottom of the reaction vessel. Washing 
of the precipitate was done several times with deionized water and 
finally with acetone to remove the traces of water any. Pellets were 
prepared using 15 % polyvinyl alcohol under a uniaxial pressure of 
105 psi. X-ray diffraction patterns of all the samples were recorded 
using Rigaku Miniflex X-ray diffractometer with Cu-Kα radiation 
(λ=1.5406 Å). Saturation magnetization was measured using 
Ponderometer method [19]. Curie temperature was determined with 
Soohoo method [20].  

3. Results and Discussion 
 
X-ray diffraction patterns of the Mn0.7Me0.3Fe2O4 (Me = Ni, Co 

and Zn) powders confirmed the single phase spinel structure [fig 
1(a)]. The average crystallite size of all the samples has been 
estimated using FWHM of each diffraction peak and Debye-Scherrer 
formula [21, 22]. In order to obtain FWHM, a non-linear least square 
fit has been constructed assuming experimentally obtained diffraction 
peaks obey Voigt function [fig 1(b)].  
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Figure 1: a) X-ray diffraction peaks b) Least squares fitting for a 
prominent (311) peak assuming either Lorentzian or Voigt 
function. 

The value of average crystallite size is also estimated by constructing 

Williamson-Hall plots (
λ

θcosB versus
λ

θsin ) using the values of 

FWHM and incident angle θ corresponding to each diffraction peak. 

Extrapolation of these graphs provides the value of 
λ

θcosB  

corresponding to zero strain, the reciprocal of which determines the 
crystallite size [fig. 2(a)]. The average crystallite size has also been 
obtained from full-width at half maximum (FWHM) of each X-ray 
diffraction peak by using the Debye-Scherrer formula. Average 
crystallite size calculated from both the methods is found to be in 
close agreement and increasing with increasing ionic radii of 
substituted metal cation which might be attributed to entry of each 
ion into the lattice and variations in the rates of reaction for each 
specific ion [fig. 2(b)]. Similar tendency has been noticed in lattice 
constant, obtained from Nelson-Riley function. The observed trend of 
the lattice constant is in accordance with the increasing ionic radii of 
substituted metallic ions (rZn > rCo > rNi). 
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Figure 2: a) Average crystallite size and b) Lattice constant versus 
ionic radius 

Figure 3(a) shows the variations in saturation magnetization with 
ionic radius of the dopant. The value of saturation magnetization of 
manganese ferrite is found to be 80 emu/g and its magnetization 
decreases with the substitution of Ni2+ ions in place of manganese. 
This is due to the less value of magnetic moment associated with 

nickel ion (2 Bµ ) compared to that of Mn2+ ion (5 Bµ ). Mn2+ ions 

have strong preference for tetrahedral sites in the spinel lattice where 
as nickel ions are known to occupy octahedral sites. 
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Figure 3: a) Saturation magnetization and b) Curie temperature 
versus ionic radius 
  Out of the total manganese content in Mn ferrite, it has 
been reported that [6] only 80% of the Mn2+ ions occupy A-site and 
the remaining manganese ions in B-site are replaced by the nickel 
ions causing a decrease in the B-site magnetic moment. As the net 
magnetic moment of the ferrite is equal to the difference of the both 
B and A-site magnetic moments, MB-MA, a decrease in the overall 
magnetic moment of the sample is expected. This kind of explanation 
is valid provided the strongest A-B interaction persists among various 
cations existing on A and B sublattices. 
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Substitution of cobalt ions in place of manganese results in the 
reduction of saturation magnetization slightly. This can be attributed 
to the occupancy of cobalt ions. It has been reported that [19] cobalt 
ions tend to occupy 20% for A-sites and the remaining 80% for B-
sites in the spinel lattice. When manganese ions with magnetic 

moment 5 Bµ  are replaced by Co3+ ions with magnetic moment 3

Bµ , decreases B-site magnetization. So the net magnetic moment 

decreases and hence the observed reduction in magnetization. 
In case of zinc substitution, zinc ions have their usual tendency 
towards A-sites whereas manganese ions are distributed through both 
the sites. Replacement of A-site manganese with zinc ions decreases 
the magnetic moment the respective sublattice and hence the resultant 
magnetization, MB-MA, increases a bit consequently which has been 
noticed in the current study.  

Figure 3(b) shows the variations in Curie temperature. As 
all the compositions containing constant amount of manganese at A-
sites, the variation in TC has been explained on the basis of the 
presence of other ions at A-site. In spinel structure each A-site ion 
has in its immediate surrounding 12 B-site neighbors and each B-site 
ion has 6 A-sites as immediate neighbors. In Mn0.7Co0.3Fe2O4, B-site 
ion is surrounded by cobalt and iron ions whereas in Mn0.7Ni0.3Fe2O4 

sample the same sees iron ions as its neighbors. As we know the 
cobalt ion has less magnetic moment than iron ion and reduced 
amount of iron in Mn0.7Co0.3Fe2O4 sample along with cobalt are 
responsible for the lower of value Curie temperature compared to 
Mn0.7Ni0.3Fe2O4. In Mn0.7Ni0.3Fe2O4 ferrite, as B-site sees only 
nonmagnetic zinc environment drastic decrease in Curie temperature 
is observed. 

It is well known [7, 9, 15] in mixed ferrite systems that 
Zn2+ ions occupy tetrahedral sites, Ni2+ ions occupy octahedral sites 
and Mn2+ ions occupy tetrahedral sites. Co2+ ions are reported to 
occupy tetrahedral A sites partially up to 5 mole % [10] in cobalt 
ferrite and cobalt substituted manganese ferrite [23]. On the basis of 
above site preference considerations the following distributions for 
the samples of the present study are proposed.  
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Besides providing the experimentally observed lattice constant, 
theoretical lattice constants have also been estimated using the 
following formulae by proposing cationic distribution of metal ions 
in the spinel lattice in order to check the correctness of the proposed 
distribution. 
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Where Ar  and Br  are radii of tetrahedral and octahedral sites 

respectively. 0R is the radius of oxygen ion. u  is oxygen positional 

parameter. For face centered cubic structure the value of oxygen 
parameter is 0.375. Theoretical lattice constants corresponding to 
these ferrites have been calculated using the proposed cationic 
distributions. The calculated lattice constants are found to be in 
agreement with the experimentally observed and reported lattice 
constant values (Table 1).   

4. Conclusions  
X-ray diffraction measurements confirmed the single phase spinel 

structure for all the ferrites and lattice constant has been measured by 
using Nelson-Riley function. Cation distribution for the compositions 
has been proposed on the basis of saturation magnetization values 
and the preferred site occupancy of the ions in the ferrite lattice. 
Confirmation of cation distribution has been done through theoretical 
lattice constant calculations. A good agreement between theoretical 
and experimental lattice constants has been found for all the 
compositions.  

Table 1: Theoretical, experimental and reported values of lattice 
constants 

Composition 
Proposed 
distribution 
 (Ao) 

Experimental 
(Ao) 

Reported 
(Ao) 

Reference 

Mn0.7Ni0.3Fe2O4 
8.39 8.40 8.40 [24] 

Mn0.7Co0.3Fe2O4 8.42 8.42 8.46 [25] 

Mn0.7Zn0.3Fe2O4 8.43 8.48 8.47 [26] 
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