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"g§ñWmË_H$ H$m_mgmR>r H$m`©{Zð>m Am{U kmZ{Zð>m _hÎdmMr AgVo. S>m° J§.Zm. 
OmoJioH$a ̀ m§À`mH$So> Vr hmoVr åhUyZ Ë`m§Zr _hmamï´> gm{hË` n[afXogmR>r Ho$boë`m H$m_mMm 
R>gm C_Q>bm, 'Ago _V _hmamï´> amÁ` _amR>r {dídH$moe {Z{_©Vr _§S>imMo AÜ`j S>m°.amOm 
Xr{jV `m§Zr ì`ŠV Ho$bo. _hmamï´> gm{hË` n[afXoÀ`m dVrZo S>m°. J§. Zm. OmoJioH$a ñ_¥Vr 
nwañH$ma Á`oð> nÌH$ma Am{U boIH$ AaqdX JmoIbo `m§Zm S>m°. Xr{jV `m§À`m hñVo àXmZ 
H$aÊ`mV Ambm, Ë`m doir Vo ~mobV hmoVo. AÜ`jñWmZr _hmamï´> gm{hË` n[afXoMo 
H$m`m©Ü`j àm. {_qbX Omoer hmoVo. H$mofmÜ`j gw{ZVmamOo ndma, H$m`©dmh ~§S>m Omoer, 
namJ Am{U C‚dbm OmoJioH$a `m doir CnpñWV hmoVo. amoI a¸$_, gÝ_mZnÌ Am{U 
ñ_¥{V{MÝh Ago nwañH$mamMo ñdê$n hmoVo.

JmoIbo åhUmbo, "nÌH$m[aVoÀ`m joÌmV H$m_ H$aVmZm g_mOOrdZ Iyn OdiyZ 
nmhm`bm {_imbo. O`§Vamd {Q>iH$, M§ÐH$m§V KmoanSo> Aem g§nmXH$m§À`m g_doV H$m_ 
H$aVmZm Iyn {eH$m`bm {_imbo. Ho$bobm Aä`mg Am{U g§emoYZ nwñVH§$ {b{hÊ`mgmR>r 
Cn`wŠV R>abo. hm nwañH$ma AmOda Ho$boë`m H$m_mMr nmdVr Amho.' AÜ`jr` g_mamon 
H$aVmZm àm. Omoer åhUmbo, "AaqdX JmoIbo ̀ m§Zr ì`mg§Jr Am{U VÎd{Zð> g§nmXH$ Am{U 
Aä`mgy boIH$ åhUyZ Amnbm R>gm C_Q>{dbm Amho. Ho$di d¡`{ŠVH$ ñdmWm©gmR>r H$m_ 
H$aUmè`m ì`ŠVr g§ñWoVrb nXmdê$Z Joë`m H$s, Ë`m g§ñWoÀ`mhr ñ_aUmV amhV ZmhrV 
Am{U g_mOhr Ë`m§Zm bjmV Ro>dV Zmhr. S>m°. OmoJioH$a gdmªÀ`m ñ_aUmV AmhoV H$maU 
Ë`m§Zr g§ñWoÀ`m {hVmbm gdm}ƒ àmYmÝ` {Xbo.'

gw{ZVmamOo ndma ̀ m§Zr Am^ma _mZbo. ~§S>m Omoer ̀ m§Zr gyÌg§MmbZ Ho$bo.

g§ñWmË_H$ H$m_mgmR>r H$m`©{Zð>m Am{U kmZ{Zð>m _hÎdmMr : S>m°. amOm Xr{jV
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ABSTRACT 
Nano spinel magnesium ferrite (MgFe2O4) nanoparticles synthesized by oxalate precursor method.  Synthesized 
precursor characterized by Fourier transform infrared (FTIR) spectroscopy and calcinated at 600 C. X-ray 
diffraction (XRD), Fourier transform infrared (FTIR) spectroscopy, scanning electron microscopy (SEM) and 
vibrating sample magnetometry (VSM) were applied for elucidating the structural and magnetic properties of the 
prepared magnesium spinel ferrite.  XRD pattern and IR spectrum confirmed formation of single phase cubic 
spinel magnesium ferrite. The average crystallite size is 33.9694 nm and lattice constant is 8.370 Å. Very fine 
spherical MgFe2O4 particles with some extent of aggregation can be observed in the SEM pictures.  
 
Key-words: Spinel ferrite, XRD, FTIR, Precursor 
 
INTRODUCTION 

Ferrites are chemical compounds, ceramic with iron (III) oxide Fe2O3 as their principal 
components [1]. Many ferrites are spinels with the formula AB2O4, where A and B represent various 
metal cations, usually including iron. Spinel ferrites usually adopt a crystal motif consisting of cubic 
close-packed (fcc) oxides (O2−) with A cations occupying one eighth of the tetrahedral holes and B 
cations occupying half of the octahedral holes-that is, the inverse spinel structure [2]. Among spinel 
ferrites, magnesium ferrite (MgFe2O4) has an inverse spinel structure in which, in the ideal state, all 
Mg2+ ions are in B sites, and Fe3+ ions are equally distributed between A and B sites [3].  
MgFe2O4 nanoparticles have various potential applications in magnetic diagnosis and treatment 
devices, magnetorheological fluids, gas sensors, catalysts, lithium-ion batteries and SO2 adsorbents. As 
we all know, the magnetic properties of spinel ferrite nanoparticles depend on the microstructure and 
cation distribution [4]. 

There are several synthesis approaches which are used to prepare noanoferrites. These include 
the co-precipitation [1], hydrothermal [5], reverse-micelle [6] and sol–gel auto-combustion [7], 
precursor [8] etc. methods. Ferrites prepared using precursor method at low annealing temperature 
possesses the fine particle size, good chemical purity and improved physical properties. In the present 
study, MgFe2O4 nanoparticles synthesized by using oxalate precursor method route.  
 
EXPERIMENTAL  

Nano spinel magnesium ferrite was synthesized by the oxalate precursor method [9]. Analytical 
reagent grade oxalic acid, magnesium sulphate and ferrous sulphate were used for synthesis. 
Stichometric amount of corresponding magnesium sulphate and ferrous sulphate dissolved in deionized 
water at 60 oC to obtain clear solution. Saturated oxalic acid solution added with continuous string till 
all metal sulphates converted in to metal oxalates, then the precipitate digested for half hour, washed 
with deionized water till free from sulphates (tested with barium chloride). The oxalate precursor 
precipitate filtered and dried at room temperature.  

13 
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CHARACTERIZATION 
The structural parameters investigated by X-ray diffraction Phillips-3710 X-ray diffractometer 

employed with Cu-K radiation (=1.5405Å) were used in the present study. Microstructure 
investigated by JEOL-JSM-5600-N Scanning Electron Microscope. Magnetic measurements carried at 
room temperature using PARC EG&G vibrating sample magnetometer. The magnetic measurements 
were carried out by using a vibrating sample magnetometer (VSM) at room temperature. 
 
RESULTS AND DISCUSSION  
Structural analysis of MgFeO4 spinel ferrite: The IR spectrum (FTIR) of synthesised oxalate precursor 
[MgFe2(C2O4)3.2H2O] were recorded in the range of 400–800 cm-1 at room temperature and the obtained 
results are shown in Figure 1. The IR absorption peak at 3335 cm-1 assigned to OH2 stretching. The 
strong single peak at 1630 cm-1 can be assigned to the >C=O stretching vibration. The two proximate 
peaks at 1357 and 1312 cm−1 are attributed to the C−O symmetric and asymmetric vibrations, 

respectively. The peak at 820 cm-1 is due to the O−C−O vibration. Another two IR peaks at 471 and 

516 cm-1 are from the Fe−O stretching and Mg−O stretching, respectively. 

 
Fig 1: IR spectrum of Oxalate Precursor [MgFe2(C2O4)3.2H2O] 

Infrared absorption spectrum (FTIR) of calcinated magnesium ferrite were recorded in the 
range of 400–800 cm-1 at room temperature and the obtained results are shown in Figure 2. Two major 
IR absorption bands observed, the high wave number band v1 at 553 cm-1 is assigned to the tetrahedral 
complexes, while the lower wave number v2 at 477 cm-1 is assigned to the octahedral complexes. In the 
magnesium ferrite sample, the high wave number v1 represents the vibration of Fe3+–O2- in the sub-
lattice site A, while the lower wave number band v2 represents the trivalent metal–oxygen vibrations at 
the octahedral B-sites. The difference in v1 and v2 band positions is expected because of the difference 
in the Fe3+–O2- distances for the octahedral and the tetrahedral sites [10]. 

 
Fig. 2: IR spectrum of MgFe2O4 catalyst 

The XRD pattern of the calcinated at 600 oC magnesium ferrite sample presented in Figure 3. All 
the peaks in the pattern are characteristic of cubic spinel magnesium ferrite MgFe2O4 (JCPDS card # 
00-001-0114); however, the absence of extra peaks ensures the phase purity [10].  
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Fig. 3: XRD patterns of calcinated MgFe2O4 catalyst 

The diffraction peaks corresponding to (220), (311), (222), (400), (422), (333) and (400) planes 
of magnesium spinel ferrite were ascribed. The average crystallite sizes of the produced magnesium 
ferrites for the most intense peak [(3 1 1) plane were calculated from the XRD data using the Debye–

Scherrer formula [1] and found 33.9694 nm.  
The Lattice parameter ‘a’ was calculated by using XRD data the equation discussed elsewhere [1],  

a d N= ,  
where, ‘a’ is lattice constant, ‘d’ is inter planer spacing and 

 
( )2 2 2N h k l= + +

.   
The calculated value of lattice parameter of magnesium ferrite is A = 8.370 Å, shows that the 

sample is to be cubic spinel structure. 

 
Fig. 4: SEM micrograph of calcinated MgFe2O4 catalyst 

As it can be noted in SEM micrograph (Figure 4), calcinated MgFe2O4 nanoparticles prepared 
by the oxalate precursor method have a uniform, mono-disperse, and spherical/cubic structure with 
narrow particle size distribution. Very fine spherical MgFe2O4 particles with some extent of aggregation 
can be observed in the SEM pictures. 

 
Fig. 5: Hysteresis loop of calcinated MgFe2O4 catalyst 

The hysteresis or loop is used to determine the behavior of ferromagnetic materials when placed 
in the magnetic field. Magnetic hysteresis loop recorded at room temperature is given in Figure 5. Room 
temperature magnetization results showed a ferromagnetic behavior of the calcinated magnesium 
ferrite, having saturation magnetization (Ms) is 13.2773 emu/gm, coercivity (Hc) is 195.7034 Oe, and 
remnant magnetization (Mr) is 3.1654 emu/gm. The sample displayed normal (S-shaped) narrow 
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hysteresis loop. Narrow loops indicated low coercivity value which indicates that the prepared sample 
can be easily demagnetized.  

 
CONCLUSIONS 

In conclusion, spinel magnesium ferrite nanoparticles successfully synthesized by oxalate precursor 
method.  XRD pattern and IR spectrum confirmed formation of single phase cubic spinel magnesium ferrite. 
The average crystallite size is 33.9694 nm and lattice constant is 8.370 Å. Very fine spherical 
MgFe2O4 particles with some extent of aggregation can be observed in the SEM pictures.  
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