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Magnetic magnesium ferrite nanoparticles have been synthesized through an auto combustion method. The prepared ferrite is characterized 
by X-ray diffraction, particle size analyzer, Fourier transform infrared spectroscopy, scanning electron microscopy, energy dispersive X-ray 
spectroscopy, vibrating sample magnetometry and Mossbauer spectroscopy. It is confirmed that the prepared sample has a cubic structure in 
nature through XRD. The crystalline size is determined by the Debye Scherrer formula, results are confirmed with particle size analyzer data. 
The FTIR spectra are used to calculate the force constant of tetrahedral sites and octahedral sites. The morphology and the quantitative 
analysis of the synthesized sample are studied by SEM and EDAX. The prepared nanoparticles' magnetic properties have been studied at 
room temperature by means of hysteresis loop measurement using vibrating sample magnetometer and Mossbauer spectroscopy. The value 
of saturation magnetization, coercive field, and cation distribution of magnesium ferrite is obtained from the magnetic measurements. 
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INTRODUCTION 

The spinel structure is a cubic crystal system constructed of 
32 closely packed oxygen atoms with 64 tetrahedral sites and 
32 octahedral sites. The electrical neutrality in spinel ferrite 
is maintained by (M2+)[Fe3+]2O4 where M2+ (A sites) is 
situated at 8 tetrahedral sites and Fe3+ (B sites) is situated at 
in and 16 octahedral sites. The M2+ cations (e.g. M2+ = Mg2+, 
Mn2+, Zn2+, Ni2+, Co2+, Fe2+, Cd2+ and Cu2+)   and Fe3+ cations 
balance between the tetrahedral and octahedral sites make 
three different spinel ferrite structure. If M2+ cations are 
situated at tetrahedral sites and Fe3+ cations are situated at 
octahedral sites, this type of structure is known as a normal 
spinel structure. If M2+ cations are situated at octahedral sites 
and Fe3+ cations are equally distributed between octahedral 
sites and tetrahedral sites, this type of structure is known as 
an inverse spinel structure. If M2+ and Fe3+ randomly occupy 
both tetrahedral and octahedral sites, this type of structure is 
known as a mixed spinel structure.1,2 The nanomagnetic 
magnesium ferrite is widely used in various technological 
applications i.e. electrochemical sensor,3 supercapacitors,4 
hyperthermia,5 cobalt iron removal from synthetic 
wastewater,6 anode material for lithium battery,7 
photodegradation of malachite green,8 LPG sensor,9 
degradations of reactive blue dye.10 Magnesium ferrite is a 
magnetic bi-oxide ceramic material with a partially inverse 
spinel structure. The distribution of the cations in magnesium 
ferrite can be represented by 
(Mg1−x2+ Fex3+)A[Mgx2+Fe2−x3+ ]BO4

2−  where x represents the 
degree of inversion of the cation in the structure.11  

Several methods have been developed to synthesize 
nanomagnetic magnesium ferrite such as ultrasonic wave-

assisted aqueous solution ball milling,12 co-precipitation,13 
green syntheses,14 hydrothermal decompositions,15 
supercritical hydrothermal reactions,16 micro-emulsion 
methods,17 oxalate co-precipitation,18 reverse micelle 
processing,19 starch-gel processes,20 electrospinning.21 In the 
present work, MgFe2O4 (MGF) ferrite nanoparticles have 
been synthesized through the auto combustion technique, and 
various physical properties like XRD, FTIR, EDAX, SEM, 
and magnetic measurements studied.  

EXPERIMENTAL 

To prepare nanomagnetic ferrites, Mg(NO3)2⋅6H2O (0.5 
mol, Merck, ACS) and Fe(NO3)3⋅9H2O (1 mol, Merck, ACS) 
was dissolved in 50 ml water initially. The citric acid (1.11 
mol, Merck, ACS) was used as a fuel for the auto combustion 
technique. The molar ratio was calculated according to the 
principle of propellant chemistry.22 Citric acid dropwise 
added into the mixture of magnesium nitrate and iron nitrate. 
The initial pH of this solution was ~ 2. Then the ammonia 
solution was added dropwise to adjust the pH ~ 9. 
Simultaneously, the mixture was stirred at 80 ºC constant 
temperature on a magnetic stirrer. After a certain time lapsed, 
the mixture became red viscous gel and magnesium ferrite 
nanoparticles were obtained. These nanoparticles were 
sintered at 500 ºC for 5 hrs in a muffle furnace to remove 
impurities. 

To check the proportion of Mg, Fe, and O in nanomagnetic 
magnesium ferrite, EDAX analysis (Energy Dissipative 
Analysis of X-ray) was used. To observe the internal structure 
of magnesium ferrite, SEM was used. The physical 
parameters like lattice parameters, particle size, and 
magnesium ferrite crystal structure were obtained by X-ray 
diffraction (XRD) characterization. The crystallite size was 
calculated by the Debye-Scherer formula using the highest 
peak (311) of XRD of prepared nano ferrite. The force 
constants between metal-oxygen were calculated using FTIR 

 



Structural and magnetic properties of MgFe2O4 ferrite                                                                              Section B-Research paper 
 

Eur. Chem. Bull. 2021, 10(3), 186-190  https://doi.org/10.17628/ecb.2021.10.186-190 187 

spectroscopy. The prepared nano ferrite's magnetic properties 
have been studied at room temperature by means of hysteresis 
loop measurement using a vibrating sample magnetometer. 
Values of saturation magnetization and coercive field were 
obtained from the same. The cation distribution of prepared 
nano ferrite is obtained from the Mossbauer spectroscopy.    

RESULT AND DISCUSSION 

The EDAX analysis is performed to monitor the prepared 
sample's average elemental composition and confirm the 
purity. Figure 1 shows the EDAX pattern of the prepared 
sample that confirmed the presence of magnesium, iron, 
oxygen, and there are no other peaks for impurities.  

 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. EDAX of MgFe2O4 

 

Figure 2 shows the SEM image, which indicates the grains 
of ferrite are nanosized. Figure 3 indicates the pores, voids, 
and fractured surfaces that occur due to a large amount of 
toxic gas escaping during the combustion process.  

 
 
 
 
 
 
 
 
 
 
 

Insert Figure 1  
 

Insert Figure 2  
 

Figure 2. SEM image of grain size for MgFe2O4 

The synthesized sample is subject to X-ray diffraction 
analysis at 300 K to identify phase and approximate 
crystallite size. Figure 4 shows the X-ray diffraction pattern 
of MgFe2O4. The MgFe2O4 spinel ferrite was indexed for the 
fcc-Fd3m space group using a standard data file obtained 
from the PCPDFWIN program (JCPDS card number: 73-
2410).  

 

 

 
 
 
 
 
 
 
 
 
 
 

Figure 3. Surface morphology for MgFe2O4 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4. XRD pattern of MgFe2O4 

 

MGF's crystallite size is calculated using the Debye-
Scherrer formula by sharp Bragg reflection corresponding to 
an intense peak (311) about 15 nm. The synthesized spinel 
ferrite is subjected to a particle size analyzer and obtained an 
average crystallite size of 12.53 nm, as shown in Figure 5. 

FTIR spectroscopy is generally used to determine the 
molecular and chemical structure of spinel ferrite. Two strong 
assigned absorption bands appear υ1 (around 600 cm-1) due to 
tetrahedrally coordinated metal ions and υ2 (around 400 cm-

1) is due to octahedrally coordinated metal ions for spinel 
ferrite.23 
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Figure 5. Particle size distribution of MgFe2O4 

 

In the present case, the IR absorption band appears at υ1 = 
678.97 cm-1 due to tetrahedral stretching vibrational mode 
(O–MTet) and υ1 = 459.13 cm-1 due to octahedral stretching 
vibration mode(O–MOct) of MgFe2O4 as shown in Figure 6. 
The Fourier Transform Infrared Spectrum of MgFe2O4 is 
recorded at 300 K in the range of 400 – 800 cm-1. The force 
constant can be calculated for the tetrahedral site (kt) = 181.65 
N/m and octahedral site (ko) = 94.82 N/m using the standard 
formulae the IR absorption spectra.24 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6. FTIR of  MgFe2O4 

 

Magnetic properties of MgFe2O4 are studied with the help 
of a vibrating sample magnetometer at room temperature at a 
maximum field of 10 kOe. The hysteresis curve of 
magnesium ferrite is shown in Figure 7. The magnesium 
ferrite shows ferromagnetic behavior with saturation 
magnetization (Ms) 48.4 emu g-1, a coercivity of about 169.25 
Oe, and remanence magnetization (Mr) 14.47 emu g-1. 

The room temperature Mossbauer spectrum is shown in 
Figure 8. The MgFe2O4 shows paramagnetic doublet, which 
occurs due to superparamagnetic relaxation. In the case of 
superparamagnetic relaxation, each ferrite particle has a 
single domain structure. 

 
 
 
 
 
 
 
 
 

Figure 7. Hysteresis loop of MgFe2O4 

 

The magnetic energy of the ferrite particle is comparable to 
the thermal energy at room temperature. The broad doublet is 
fitted with two sets of doublets corresponding to quadrupole 
splitting (QS) in the iron nucleus in the shell and the shell's 
core region.25-26  

 

 

 

 

 

 

 

 

 

Figure 8. Mossbauer spectrum of MgFe2O4 

 

Table 1. shows various parameters of the Mossbauer 
spectrum of MgFe2O4. Mossbauer results show that the 
cation distribution of MgFe2O4 would be 
(𝑀𝑀𝑀𝑀1−𝑥𝑥2+ 𝐹𝐹𝐹𝐹𝑥𝑥3+)𝐴𝐴[𝑀𝑀𝑀𝑀𝑥𝑥2+𝐹𝐹𝐹𝐹2−𝑥𝑥3+ ]𝐵𝐵𝑂𝑂42−  where ions are 
enclosed by the parentheses correspond to the 
tetrahedral (A) site and the ions enclosed by the brackets 
correspond to the octahedral (B) site.27 The ratio of Line 
width S1 to D1 was found to be 0.54, which is the value 
of x. The cation distribution found to be 
(𝑀𝑀𝑀𝑀0.46

2+ 𝐹𝐹𝐹𝐹0.54
3+ )𝐴𝐴[𝑀𝑀𝑀𝑀0.54

2+ 𝐹𝐹𝐹𝐹1.46
3+ ]𝐵𝐵𝑂𝑂42−. 

Table 1. Mossbauer parameters of MgFe2O4 

Sample Sub spectrum Line width, mm s-1 IS ‘δ’, mm s-1 Q  splitting Hyperfine field ‘Hf’, T Area, % 
 

MGF S1 0.31 0.18 0.03 40.07 90.97 
 D1 0.57 0.20 0.58 ---- 9.03 
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CONCLUSION 

Magnesium ferrite nanoparticles are successfully 
synthesized by the auto combustion technique. Elemental 
analysis is shown through EDAX measurement. The X-ray 
diffraction study shows the formation of spinel structure. To 
validate the structure of the sample, FTIR spectra are 
recorded and force constants are calculated for the interstitial 
sites of the spinel ferrites. The crystallite size of nano-ferrites 
is calculated from the Debye-Scherrer equation using the 
intense peak of XRD and the particle size analyzer confirms 
the crystallite size of the prepared sample. The 
superparamagnetic nature of the nano magnesium ferrite is 
evaluated through VSM analysis and the presence of doublet 
in Mossbauer spectra supports the same. The cation 
distribution of the MgFe2O4 is established through the 
Mossbauer spectroscopy. 
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