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ABSTRACT. 

The high temperature solid sate reaction approach was used to successfully synthesize Zn0.5Mg0.5Fe2-xSmxO4 (where x = 0.02, 

0.06, 0.10) ferrite nanoparticles. The development of spinel phase in ferrite samples, together with secondary phases and space 

group Fd3m, is confirmed by XRD patterns. Crystallite sizes dropped as Sm3+ ion concentration rise, whereas lattice constant 

increased. The production of single phase cubic spinel is also seen in the FTIR spectra of the ferrite samples under examination, 

with two significant absorption bands ν1 and ν2 attributed to random variation of cations in the spinel structure. The cation 

distribution is influenced by the technique of production and the type of the additions, which affects the structural properties. 
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INTRODUCTION 

Due to their magnetic characteristics, high electrical resistivity, and low eddy current and dielectric loss, spinel ferrites are a 

technologically important type of magnetic oxides [1]. These characteristics of ferrites are substantially influenced by their 

chemical composition, cation distribution, manufacturing process, and structure [2, 3]. Ferrite’s microstructure, porosity, and grain 

size all have a role in determining ac susceptibility [4]. The occurrence of several types of domains in magnetic materials, such as 

multi-domain (MD), single domain (SD), and super-paramagnetic (SP) structure, is investigated in studies on temperature 

fluctuation of ac susceptibility [5]. The domain structure of spinel ferrites changes when additives are substituted [6, 7]. Because it 

interacts with 3d electrons of transition metals, rare-earth elements, which have their 4f orbital completely screened by 5s and 5p 

orbital’s, play a crucial role in determining the electrical and magnetic characteristics of ferrites [8]. The impact of simultaneous 

replacement of divalent and trivalent metal ions on the magnetic characteristics of ferrites was fascinating to investigate. The 

effect of Sm3+ substitution on the structural and magnetic characteristics of Mg–Zn ferrite is discussed in this paper. 

The materials were sintered at 1180oC and a series of Zn0.5Mg0.5Fe2-xSmxO4 (where x = 0.02, 0.06, 0.10) ferrite nanoparticles were 

produced utilising a solid state reaction approach. For characterisation, X-Ray diffraction (XRD) and Fourier Transform Infrared 

Spectroscopy (FTIR) were used. 

 

EXPERIMENTAL 

The spinel ferrite samples of Zn-Mg ferrite (Zn0.5Mg0.5SmxFe2-xO4) were prepared by a conventional solid state reaction method. 

Each step from mixing to sintering has been controlled carefully to get the high density product. The stoichiometric mixture of 

raw oxides, ZnO (zinc oxide), MgO (magnesium oxide), Fe2O3 (iron oxide), Sm2O3 (samarium oxide) of high purity (99.999% 

pure) obtained from Sigma Eldrich were weighed on a single pan electronic balance with accuracy 0.0001 and mixed thoroughly 

to get the desired product. These oxides were grinded in agate-mortar in a wet medium (acetone) for 2 hours and calcined at 600oC 

for 8 hours in a Alumina crucible in air atmosphere [9]. 

The calcined lump was again grinded for 2 hours and re-calcined at 800oC for 8 hours in Alumina crucible. The process of firing 

and grinding was repeated for a number of times whenever the homogenous mixer not found. The resulting mixture was grinded 

again and compressed into cylindrical pellets by applying pressure around 5tones/cm2 using hydraulic press. These pellets were 

completely sintered at 1180oC for 2 hour. A flow chart diagram for the whole process of formation of the pure Zn0.5Mg0.5SmxFe2-

xO4 compound is shown in figure 1. 
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Figure 1: A flow chart diagram for the formation of Sm modified Zn0.5Mg0.5Fe2O4 ferrite. 

 

On a PANalytical X'pert Pro MPD diffractometer of Cu-K radiation, X-ray diffraction data were gathered at room temperature at a 

2o/min scanning rate from 10o to 80o ranges of 2θ. The crystallite size, lattice constant, and other parameters were computed. FTIR 

interferometer IR prestige-2 was used to examine the inherent vibrational frequency of the tetrahedral and octahedral sites of the 

spinel structure in the region of 400 to 4000 cm-1. 

 

RESULT AND DISCUSSION 

To analyses the structural phase of Zn0.5Mg0.5Fe2-xSmxO4 (where x = 0.02, 0.06, 0.10) ferrite samples, X-ray diffraction 

investigations were done, and the resulting XRD patterns are shown in Figure 2. The cubic spinel structure with space group 

Fd3m is shown by the XRD patterns. The diffraction planes were evaluated using "Fullprof" software, and the planes were 

indexed as (111), (220), (311), (400), (422), (511), and (440), which correspond to the prior studies [10]. The presence of ultrafine 

particles in the samples is responsible for the widening and low intensity of diffraction peaks. 
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Figure: 2 X-ray powder diffraction pattern of Zn0.5Mg0.5SmxFe2-xO4 (where x=0.02, 0.06, 0.10) 

 

The following relationships were used to compute the structural and micro structural parameters. The average lattice constant 

values (a) were calculated using the Bragg's diffraction [11] condition and two values of the most intense peaks. 

 

  𝑎 =  
𝜆√ℎ2+𝑘2+𝑙2

2𝑠𝑖𝑛𝜃
                       ----------- (1) 

 

The average crystallite sizes are calculated with full width at half maximum of most intense peaks using Debye–Sherrer’s [11] 

equation, given by 

 

 

             𝑡 =
𝐾𝜆

𝛽𝑐𝑜𝑠𝜃
                           ------------ (2) 

 

Where K is shape factor taken as 0.89, λ is the X-ray wavelength used and β is full width at half maximum intensity taking into 

account of instrumental broadening. 

 

The X-ray density [11] has been calculated using the relation 

 

      ρx = 
8𝑀

𝑁𝐴𝑎3                             ----------- (3) 

 

Where M is molecular weight of the ferrite sample, NA is Avogadro’s number and a is an experimental lattice constant. 

The lattice strain was estimated from the following derived relation modifying the Williamson and Hall equation [12] 

    η = 
2𝑑|𝐾−1|

𝑡
                         ------------- (4) 

 

Where d is lattice spacing for (311) planes, t is average crystallite size and K (0.89) is shape factor. 

 

Table.1 summarizes the computed values of lattice constant (a), crystallite size (t), X-ray density (x), and lattice strain (η). The 

values of the lattice parameter are similar to those reported for Zn0.5Mg0.5Fe2O4 [13] and range from 8.4071 to 8.4112. The lattice 
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constant rises monotonically with the replacement of Sm3+, which can be attributed to Fe3+ (0.69Å) having a lower ionic radius 

than Sm3+ (1.09Å). Other spinel ferrites have been shown to have comparable properties [13, 14, 15]. With an increase in Sm3+ ion 

concentration, the crystallite size decreases, resulting in a rise in lattice strain. Figure 2 shows how changes in lattice constant and 

crystallite size follow Vegard's rule [16]. 

 

Table 1: Variation of other X-Ray parameters as change the Sm+3 concentrations 

Concentrations Lattice Constant (Å) Crystallite Size(nm) X-Ray Density 

ρx(g/cm3) 

Lattice Strain 

η(×10-2) 

X=0.02 8.4071 51 4.926 1.093 

X=0.06 8.4086 48.86 4.928 1.138 

X=0.10 8.4112 43.42 4.932 1.280 

 

 

Figure 2: Change in lattice constant with crystallite size 

 

The density of the experiment increased as the concentration of Sm3+ ions increased. Despite increasing the lattice constant, the 

variation in experimental density is dependent on the ferrite molecular weight. The replacement of Sm3+ with a high atomic mass 

significantly increased the molecular weight of ferrite in this research, resulting in increased density. 

 

The structural fluctuations and spinel phase of ferrite systems have been observed using Fourier transform infrared spectroscopy. 

The two vibrational bands are the typical bands of cubic spinel structure [17], one with a greater vibrational frequency (v1) in the 

range of ~565 cm-1 and the other with a lower vibrational frequency (ν2) in the range of 451.25 cm-1- 452.34 cm-1. Fe3+- O2- 

stretching vibrations at the tetrahedral site (A) have a greater vibrational frequency (ν1) while Fe3+- O2- stretching vibrations at the 

octahedral site (B) have a lower vibrational frequency (ν2). (B).Figure 3 shows the FTIR spectra of Zn0.5Mg0.5Fe2-xSmxO4 (where 

x = 0.02, 0.06, 0.10).  
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Figure: 3 FT-IR spectra of Zn0.5Mg0.5SmxFe2-xO4 (where x=0.0, 0.02, 0.06, 0.10) 

 

The force constants has been calculated using the formula 

 

K = 4π2c2ν2µ           ------------- (5) 

 

Where c is the light speed (~2.99 x 1010 cm/s), ν is the vibration frequency of the A- and B- sites and µ is the reduced mass of the 

Fe3+ and O2- ions (~2.60 1x 10-23 g).  

 

Table 2: Tetrahedral, octahedral vibrational frequencies (ν1 and ν2) and force constant (Kt and Ko) 

 

x ν1 (cm-1) ν2 (cm-1) Kt(dyne/cm) Ko(dyne/cm) 

0.02 564.8 451.25 2.945E-05 1.8799E-05 

0.06 565.28 451.9 2.9501E-05 1.8853E-05 

0.10 566.92 452.34 2.9672E-05 1.889E-05 

 

The band frequency ν2 rises and broadens with Sm+3 concentration, however ν1 does not vary significantly and just a little 

broadening is seen, which may be due to the substitution of Fe3+ ions on octahedral B-sites by Sm+3 ions. The observed increases 

in lattice constant [18] are supported by this. The declines in v1 and ν2 in the current series are due to cation random distribution 

in tetrahedral (A) and octahedral (B) sites, which is contrary to their typical predilection. The hydroxyl group may be allocated to 

the wide band around 3700 cm-1, while the in-plane and out-plane of O–H vibration can be ascribed to the bands around 1550–

1520 cm-1 and 2370-2350 cm-1. The remaining bands are very certainly attributable to overtones or combinational frequencies. 

 

CONCLUSION 

The high temperature solid sate reaction approach was used to successfully synthesize Zn0.5Mg0.5Fe2-xSmxO4 (where x = 0.02, 

0.06, 0.10) ferrite nanoparticles. The development of spinel phase in ferrite samples, together with secondary phases and space 
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group Fd3m, is confirmed by XRD patterns. Crystallite sizes dropped as Sm3+ ion concentration rise, whereas lattice 

characteristics increased. The production of single phase cubic spinel is also seen in the FTIR spectra of the ferrite samples under 

examination, with two substantial absorption bands v1 and ν2 attributed to random variation of cations in the spinel structure. The 

cation distribution is influenced by the technique of production and the type of the additions, which affects the structural 

properties. 
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