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ABSTRACT: 

Powder Mg(1-x)MnxCo2O4 (where x=0.0, 0.25, 0.50, 0.75 and 1.0) samples were 

prepared by sol-gel technique followed by thermal treatment. The structural and 

magnetic properties of  the samples has been investigated by different techniques. All 

samples were cubic with a spinel structure shown by x-ray diffraction patterns. 

Diffraction lines were broadened indicating nanocrystalline samples. The magnetic 

character increase with increas in Mn contain while Magnesium interfere in magnetic 

properties of the system.   
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INTRODUCTION:  

Mixed metal oxide nanoparticles are technologically important for their wide 

areas of application such as electrodes in solar cells [1], lithium ion batteries [2], 
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electrochemical capacitors [3], in molten carbonate fuel cells [4],  electro-catalysts [5], 

optical limiters and switches [6] and chemical sensors [7] etc. Especially, their role in 

magnetic material [8-11]. One of the most attractive features on metal oxide materials 

is the magneto electric coupling for which both order parameters (magnetic and 

electric) are directly coupled [12]. Among these materials, the magnetic oxides 

crystallizing in the perovskite ABO3 and spinelAB2O4 structures (A and B, cationic 

positions) are especially interesting because their structural, electronic and magnetic 

properties can be easily modified by slightly doping their crystal structures [13-14].   

The first application of magnetite (ferrite) was as 'Lodestones' used by early 

navigators to locate magnetic North [15]. This material has been expansively 

premeditated by number of researchers. Masahiko Sato made the saturation 

magnetization measurements of magnetite [16]. The magnetic properties such as 

saturation magnetization and Curie temperature were studied by Jing Wang [17]. 

These effects can be obtained by changing the chemical composition and the cation 

distribution in the perovskite and spinel structures [18].  

In this work, we have specially investigated the structure of Mg(1-x)MnxCo2O4 

and effect of manganese on the structural and magnetic properties of manganese 

substituted magnesium cobaltite.    

 

 EXPERIMENTAL:  

Manganese substituted magnesium cobaltite Mg(1-x)MnxCo2O4 (where x=0.0, 

0.25, 0.50, 0.75 and 1.0) samples were prepared by sol-gel auto combustion method 

[19]. The A.R. Grade chemicals used in the synthesis of materials were C6H8O7.2H2O, 

Mg(NO3)2.6H2O, Mn(No3)2.4H2O, Co(NO3) H2O and NH3. The metal nitrates were 

dissolved in deionised water and equal quantities of citric acid were added in the 

metal nitrate solution. In beaker citrate solutions of Manganese nitrate, magnesium 
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nitrate and cobalt nitrate were mixed in required stoichiometric ratio. The ammonia 

solution (1:1) was added drop by drop until the pH of the solution reached a value of 

9.5. The resulting solution was stirred for 3h to maintain the homogeneity. The gel is 

formed when solution were heated on hot plate at 100°C after words the gel is further 

heated at 150°C to convert into fluphy mass. This fluphy mass was annealed at the 

temperature of 600°C for 6 h in a Box furnace.  

In order to investigate the grain size and phase X-ray diffraction (XRD) analysis 

was performed (Philips PW-1710 X-ray diffractometer with CuKα radiation).  

 

RESULTS AND DISCUSSION: 

XRD analysis: 

                    Powder X-ray diffraction (XRD) was utilized to purity and characterize the 

phase of prepared Mg(1-x)MnxCo2O4 as shown in Fig.1. XRD pattern shows the 

characteristic peaks at 31.3°, 36.9°, 44.8°, 55.7°, 59.4° and 65.3° according to JCPDS 

Card No. 23-1237, which can be indexed to (220), (311), (400), (422), (511) and (440) 

planes of the cubic spinel with Fd3m space group. The sharp peaks observed in the 

XRD pattern demonstrate a crystalline phase of the samples. Average crystallite size 

has been calculated from the full width at half-maximum (FWHM) in the 311 

reflection peak applying the Scherrer equation [20]. 

                                                               

                Where λ is the incident wavelength of Cu Kα radiation of the XRD, β is the 

peak width at mid-height and Ө is the considered angle. The crystallite size increases 

with increase in manganese contents. The average crystallite size of the synthesized 

powders lies in-between 34.41to 25.14nm. For MgCo2O4 (Fig.1), where Mn is 

completely substituted by Mg2+ ions, assuming a standard spinel structure (JCPDS 
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Card no. 23-1237). The value of lattice constant ‘a’ of the MgCo2O4 spinel as calculated 

from XRD data is 8.197 Å. The lattice constant ‘a’ increases on increasing the Mn2+ 

concentration in material as shown in table 1. The increase in lattice constant is due to 

the fact that the ionic radius of Mg2+ (0.65 Å) is smaller than that of Mn2+ (0.80 Å). The 

increase in ‘a’ on increasing the concentration of Mn2+ ions demonstrates that the 

Mn2+ ions actually enter the crystal lattice and retain the cubic spinel structure. The X-

ray densities for all samples were calculated using the relation [21]. 

                                                       

Where, N = Avogadro’s number (6.023 x 1023 atom/mole)  

            M = Molecular weight.  

              a = lattice constant.  

The increase in the dx is considered to be due to the fact that the atomic mass 

of Mn2+ is larger than that of Mg2+. The lattice parameters of Mg(1-x)MnxCo2O4  were 

found to 8.197 to 8.238 Å.   

 

                      Fig.1. XRD patterns of the system Mg1-xMnxCo2O4. 
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Table 1. Lattice constant, Crystallite size, and X-ray density of the system Mg1-

xMnxCo2O4: 

1.1.1.1. Composition 

1.1.1.2. Lattice 

1.1.1.3. Constants 

(Å) 

1.1.1.4. Crystallite 

1.1.1.5. Size (nm) 

1.1.1.6. X-

ray density 

1.1.1.7. (dx) 

(gm/cm3) 

1.1.1.8. x = 0.0 1.1.1.9. 8.197 1.1.1.10. 34.41 1.1.1.11. 3.72 

1.1.1.12. x = 0.25 1.1.1.13. 8.214 1.1.1.14. 34.46 1.1.1.15. 3.87 

1.1.1.16. x = 0.50 1.1.1.17. 8.221 1.1.1.18. 34.62 1.1.1.19. 3.89 

1.1.1.20. x= 0.75 1.1.1.21. 8.227 1.1.1.22. 34.93 1.1.1.23. 4.12 

1.1.1.24. x = 1.0 1.1.1.25. 8.238 1.1.1.26. 35.14 1.1.1.27. 4.27 

 

 

Magnetic Properties:  

 The plots of magnetization (M) as a function of applied magnetic field (H) are 

shown in Fig.2. (a-c) of the system Mg(1-x)MnxCo2O4, obtained at room temperature. 

Lists of different parameters like coercive force (Hc), saturation magnetization (Ms), 

remnant magnetization (Mr) and magnetic moment (μβ) are given in table 2. The 

magnetic properties are changed by the substitution of Mn2+ content. It was observed 

that all this compound produce a very narrow hysteresis loops, which indicates 

behavior characteristics of soft magnetic materials. Shape and width of hysteresis 

cycle depend on a number of factors such as synthesis technique, chemical 
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composition and redistribution of cations between the tetrahedral and octahedral 

sites [22]. The Mg2+ and Mn2+ has preference to occupy tetrahedral A site and CO3+ 

ions are preferentially occupy to octahedral B site. Due to magnetic substitution of Mn 

ions at tetrahedral A site magnetic moment increases. The magneton number (μβ) is 

calculated from the hysteresis data by using the relation.   

                                       Molecular weight X Saturation Magnetization 

                           Μβ = ----------------------------------------------------------- 

                                                                  5585 

      

                                    (a)                                                                             (b) 

                                    

                                                                      (c) 

 Fig. 2. Hysteresis loop of the system Mg1-xMnxCo2O4 (a, x = 0.0, b, x = 0.5 and c, x 

= 1.0) 
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Table 2.  Coercivity (Hc), Saturation Magnetisation (Ms), Retentivity (Mr) and  

                Magnetic moment of the system Mg1-xMnxCo2O4 

  

1.1.1.28.  

Composition 

1.1.1.29.  

Coercivity (Hc) 

1.1.1.30.  

Saturation 

Magnetisation 

(Ms) 

1.1.1.31.   

Remenant 

magnetization 

(Mr) 

1.1.1.32.  

Magnetic 

moment 

1.1.1.33. x = 0.0 1.1.1.34. 79.92 1.1.1.35. 6.79 1.1.1.36. 38.47 1.1.1.37. 0.25 

1.1.1.38. x = 0.5 1.1.1.39. 39.92 1.1.1.40. 11.35 1.1.1.41. 36.25 1.1.1.42. 0.45 

1.1.1.43. x = 1.0 1.1.1.44. 217.26 1.1.1.45. 46.42 1.1.1.46. 4.78 1.1.1.47. 1.96 

 

CONCLUSION:   

               The structural and magnetic properties of manganese substituted  manganese 

cobaltite have been investigated. The sol-gel autocombution method is successfully 

used for the synthesis of manganese substituted MgCo2O4, where Mg +2 ions are 

completely replaced by Mn+2 ions, is found to be spinel structure. The result obtained 

by XRD pattern dictate that the lattice constant, bulk density and X-ray density are 

affected by the Mn+2 substitution. The particle size is found to be 37 nm. The magnetic 

character increase with increase in Manganese contain, while Magnesium interfere in 

magnetic properties of the system. 
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