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Abstract 

Nanocrystalline spinel MnLaxFe2-xO4 (0 ≤ x ≤ 0.5) was synthesized by microwave combustion 

technique (MCT) utilizing the fuel urea. The establishment of cubic spinel is ensured by powder 

X-ray diffraction (PXRD) and the crystal size was found to exist in the range of 27.52 to 13.12 

nm for spinel MnLaxFe2-xO4 (0 ≤ x ≤ 0.5) nanoparticles (NPs). Further morphology of the 

MnLaxFe2-xO4 NPs was observed by high resolution scanning electron microscope (HR-SEM). 

Energy dispersive X-ray (EDX) studies confirmed the formation pure spinel ferrite structure as it 

ensured the presence of all the elements. The appearance of Fourier transform infra-red (FT-IR) 

band at 420, 450 cm-1, is linked to octahedral-metal stretching (Ni-O) and band at 575 cm-1, is 

linked to the tetrahedral metal stretching (Fe-O), which ensures the formation spinel MnLaxFe2-

xO4 (0 ≤ x ≤ 0.5) nanoparticles. Finally, the magnetic properties such as Mr, Hc and Ms were 

calculated from the M-H loops which exhibited ferromagnetic behaviour. 

Keywords: La substituted MnFe2O4 NPs; Optical properties; Magnetic properties. 

1. Introduction 

The cubic spinel structure general formula of AB2O4, (where: A2+= Co2+, Zn2+, Mn2+, 

Ni2+, etc.) divalent metal ion occupy the tetrahedral (A) sites and (where: B3+= Fe3+, Al3+, etc.) 
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octahedral (B) site is occupied by trivalent metal ion [1-6].  It is observed that these ferrites 

exhibited distinct magnetic and physical characteristics upon alteration of the divalent cation. 

By altering, the divalent cation, it is feasible to obtain expressively different magnetic 

and physical characteristics in ferrites. Previous study conveys Ce-Ni ferrites exhibit unique 

characteristics and proved to be a versatile magnetic material widely used in power transformers, 

microwave devices, read/write heads for high speed digital tape power transformers, rod 

antennas [7], and gas sensing material [8-10].  

The techniques such as sol-gel, solvothermal, microwave assisted combustion method, 

co-precipitation, ball milling method and hydrothermal are widely used to synthesize cerium 

substituted nickel ferrite nanoparticles [11-15]. However, above stated methods are found to be 

expensive, difficult to synthesis, high cost, time consuming and yield was low. In addition, the 

microwave combustion method is used to synthesize cerium doped nickel ferrite nanoparticles by 

this report [16-20]. In this technique there is an abrupt increase in the temperature of the 

precursor due to the intrinsic nature of microwave energy which generates heat and conversion 

by virtue of its strong inter molecular friction. 

2. Experimental  

2.1. Synthesis 

Spinel MnLaxFe2-xO4 (0 ≤ x ≤ 0.5) nanoparticles were synthesized using the corresponding metal 

nitrates Mn(NO3)2·6H2O, La(NO3)3·6H2O, Fe(NO3)3·9H2O and the fuel urea. The chemicals 

were brought from SD fine, India that was of analytical grade and utilized as it is deprived of 

additional purification. In order to prepare the samples double distilled water was employed. 

Mn(NO3)2·6H2O, La(NO3)3·6H2O and Fe(NO3)3·9H2O serves as precursors which were mixed 

distinctly to determine homogeneous solutions, by maintaining a molar ratio of 1:2. The attained 

solutions were added with plant extracts of urea, which was further mixed for 1 hour. Here, plant 

extracts of urea is employed as fuel while nitrates precursor serves as oxidizers.  

 The final obtained homogeneous solutions were transferred into two silica crucibles. The 

silica crucibles were placed in domestic microwave ovens obtained from SAMSUNG, India 

utilized for the mechanism of irradiation. The output power was set in both the microwave ovens 

for 10 min at 900 Watts and frequency was maintained at 2.54 GHz. Under the influence of 

microwave energy, the solutions underwent the process like boiling, vaporizing, dehydration and 
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finally decomposition resulting in evolution of reaction gas. When the solutions attained the 

spontaneous combustion, ignition took place, which causes rapid flame fluffy production of pure 

spinel MnLaxFe2-xO4 (0 ≤ x ≤ 0.5) nanoparticles. Further, the obtained samples were washed with 

distilled water, ethanol and dried at 550 °C for 150 min.  

2.2. Characterization techniques 

X-ray powder diffractometer is employed to confirm the formation of phase and investigate the 

crystal structure of the obtained spinel MnLaxFe2-xO4 (0 ≤ x ≤ 0.5) nanoparticles employing 

CuKα radiation at λ = 1.5406 Å radiation by varying 2θ range from 20° to 80° (Model Rigaku 

Ultima III). FEI Quanta FEG 200 scanning electron microscope accompanied with energy 

dispersive X-ray analyser is utilized to perform morphological and elemental analysis.  The 

diffuse reflectance spectrum was logged utilizing Perkin Elmer (Thermo Scientific Evolution 

220) spectrophotometer from which the band gap value is deduced by operating it in the range of 

200-800 nm. Perkin Elmer spectrophotometer (Spectrum RX1) is utilized to log the FTIR 

spectrum. Lake Shore, USA, Model7404 equipped with 3 magnets is used to perform Vibration 

sample magnetometry at RT.  

3. Results and discussion 

3.1. Phase analysis   

The XRD pattern of the as prepared spinel MnLaxFe2-xO4 nanoparticles is illustrated in Fig. 1. 

From the attained powder patterns it is confirmed that the prepared samples were polycrystalline 

in nature [16-20]. The peaks at 2θ values of 18.24˚, 37.20˚, 43.23˚, 54.03˚, 62.92˚ and 75.35˚ are 

mapped to (111), (220), (311), (222), (400), (440) and (622) reflection planes of spinel 

MnLaxFe2-xO4 (0 ≤ x ≤ 0.5) nanoparticles. The attained diffraction peaks go with diffraction data 

(JCPDS card number 44-1485) ensuring the establishment of cubic spinel structure with Fd-3m 

space group [21-25]. All the samples impurity peaks were associated with the α-Fe2O3 phase 

verified by the card ICSD – 08842 data. This impurity phase may be due to the oxidation ability 

of Ni2+ ion and the combustion in oxygen rich environment [25]. 

The average crystallite (L) of the obtained nanoparticles estimated using (311) reflection 

plane by employing Debye Scherrer’s Eq. (1). 





cos

89.0
=L             (1) 
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Where, L, is the average crystallite size; λ, the X-ray source wavelength (0.15406 nm); β, the full 

width at half maximum (FWHM) of the observed diffraction peak; and θ, the diffraction angle. 

The value of the average crystallite size deduced for spinel MnLaxFe2-xO4 (0 ≤ x ≤ 0.5) 

nanoparticles corresponding to the diffraction peak (311) were established to be lie within 15 to 

25 nm respectively. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. Powder XRD patterns of spinel MnLaxFe2-xO4 (0 ≤ x ≤ 0.5) nanoparticles. 

In order to deduce the lattice parameter of the spinel MnLaxFe2-xO4 (0 ≤ x ≤ 0.5) 

nanoparticles using Eq. 2 as follows:  

                                                                                                                                       (2) 

Where, dhkl, the inter-atomic spacing corresponding to the miller indices; h, k, and l of the crystal 

planes and a, is the lattice parameter. This increase in lattice parameter is due to the substitution 

of larger ionic size Ce cations (0.92 Å) in place of the lower ionic size Fe cations (0.67 Å) [3].  

 

3.2 SEM analysis 

Spinel MnLaxFe2-xO4 (0 ≤ x ≤ 0.5) nanoparticles morphology study is performed with aid of HR-

SEM. The obtained SEM images of spinel MnLaxFe2-xO4 (0 ≤ x ≤ 0.5) nanoparticles illustrated a 

spherical morphology beside it reveal coalescence and agglomerated shown in Fig. 5. The 

2 2 2
( )

hkl
a d h k l= + +
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agglomerated and spherical morphology was noticed in the spinel MnLaxFe2-xO4 (0 ≤ x ≤ 0.5) 

nanoparticles, which is mainly due to the lower energy during the process of combustion [28].  

 

 

 

 

 

 

 

 

 

 

Fig. 2. SEM images of spinel MnLaxFe2-xO4 (0 ≤ x ≤ 0.5) nanoparticles. 

3.3 HR-TEM analysis 

To obtain further information on the nano-scaled fine structure of spinel MnLaxFe2-xO4 (0 ≤ x ≤ 

0.5) nanoparticles, a structural analysis of the particles was performed by high resolution 

transmission electron microscopy (HR-TEM) and is revealed in Fig. 3. The HR-TEM images of 

the samples clearly show that spherical shaped particles like nanostructures. Crystallographic 

clarifications of the as prepared sample was done by recording the selected area electron 

diffraction (SAED) patterns of spinel MnLaxFe2-xO4 (0 ≤ x ≤ 0.5) nanoparticles.  

 

 

 

 

 

 

 

 

 

Fig. 3. TEM images of spinel MnLaxFe2-xO4 (0 ≤ x ≤ 0.5) nanoparticles. 
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3.4. Optical band gap analysis                                   

In order to study the optical and band gap characteristics of spinel MnLaxFe2-xO4 (0 ≤ x ≤ 0.5) 

nanoparticles UV-visible diffuse reflectance spectroscopy (UV-Vis DRS) is used, which 

determined bandgap with aid of Tauc relation. Kubelka–Munk function F(R) is utilized to 

transform the diffused reflectance into absorption co-efficient, as stated in equation (4). 

   α = F(R) =                                                                           (4) 

Where, α is the absorption coefficient and R is reflectance. Thus, the Tauc relation can be stated 

in equation (5), 

F(R)hν = A(hν - Eg)
n                                                                         (5) 

Where A, ν, h, and Eg, absorption coefficient, light frequency, Plank's constant and band gap 

respectively. The permitted direct and indirect transitions are denoted by n = 2 and ½., from 

where the values of the both direct as well as indirect bandgap is obtained. 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4. Band gap of spinel MnLaxFe2-xO4 (0 ≤ x ≤ 0.5) nanoparticles. 

 

3.5 FT-IR analysis 

FT-IR spectrum of spinel MnLaxFe2-xO4 (0 ≤ x ≤ 0.5) nanoparticles is depicted in Fig. 5. The FT-

IR spectrum was recorded in the range of 4000-400 cm-1 at room temperature (RT). The broad 

band at 3440 cm-1 are linked to H-O stretching [21-25]. The C-H stretching vibration is 

associated with the band at 2926 and 2851 cm-1 [26]. The characteristic absorption bands at 
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1400-1750 cm-1 are assigned to C-O stretching vibration due to the presence of traces of organic 

species (e.g. COO-) on the particle surface [27-30]. The bands in between, 1000-1220 cm-1 are 

associated with vibration of due to spinel structure of NiFe2O4 NPs respectively [31]. The band 

at 420-450 cm-1, is assigned to octahedral-metal stretching (Ni-O) and 575 cm-1, is linked to the 

tetrahedral metal stretching (Fe-O) [32]. 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5. FT-IR spectra of spinel MnLaxFe2-xO4 (0 ≤ x ≤ 0.5) nanoparticles. 

 

3.6. Magnetization analysis 

The magnetic properties of the spinel MnLaxFe2-xO4 (0 ≤ x ≤ 0.5) nanoparticles were undertaken 

at temperature of 300 K and stimulated magnetic field is found to lie in the range -15 kOe to 

+15kOe. Magnetization (M) versus applied field (H) behavior plots are shown in Fig. 9. From 

the hysteresis (M-H) loop coercivity (Hc), remanence magnetization (Mr) and saturation 

magnetization (Ms) were determined. Spinel MnLaxFe2-xO4 (0 ≤ x ≤ 0.5) nanoparticles exhibited 

normal spinel structure, as divalent (Ni2+) and trivalent (Ce3+/Fe3+) metal ions resides in the 

tetrahedral (A) and octahedral (B) locations [31-35]. The NiFe2O4 NPs were found exhibit 

ferromagnetic nature. The coercivity values of spinel MnLaxFe2-xO4 (0 ≤ x ≤ 0.5) nanoparticles 

were found to lie within 292 Oe to 180 Oe (Fig. 10). The coercivity value is mainly controlled by 

factors such as high anisotropy and cationic redistribution [35-40]]. From the M-H hysteresis 

loop Mr values for spinel MnLaxFe2-xO4 (0 ≤ x ≤ 0.5) nanoparticles was found to be 7 emu/g for 
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(x= 0.0), 7.84 emu/g for (x= 0.3) then Mr values declined to 5.88 emu/g for (x= 0.5), whose 

values are found to be dependent on the crystallite size and shape of NiFe2O4 [40-42]. From the 

hysteresis loop Ms values for spinel MnLaxFe2-xO4 (0 ≤ x ≤ 0.5) nanoparticles was found to be lie 

within 35 emu/g. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6. VSM studies of spinel MnLaxFe2-xO4 (0 ≤ x ≤ 0.5) nanoparticles. 

 

4. Conclusions 

Spinel MnLaxFe2-xO4 (0 ≤ x ≤ 0.5) nanoparticles were made by MCT, utilizing the fuel urea. The 

XRD confirmed the cubic spinel structure with Fd-3m space group. The lattice parameter values 

were found to lie within 8.345 Å and 8.395 Å. The surface morphology of the prepared samples 

is investigated utilizing HR-SEM. EDX analysis confirmed the presence of elements such as Mn, 

La, Fe and O. The band gap values were observed to be lie within 3.39-3.26 eV attained using 

the optical absorption spectra. FT-IR unveils the existence of all the characteristic functional 

groups of spinel MnLaxFe2-xO4 (0 ≤ x ≤ 0.5) nanoparticles.  
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