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 The study explores the properties of MnxMg1-xFe2O4 spinel ferrites. A detailed investigation of 

the structural, optical, and vibrational properties was carried out for the synthesized samples 

using X-ray diffraction (XRD), UV-visible spectroscopy, and Fourier Transform Infrared 

Spectroscopy (FTIR), respectively. Samples with varying Mn content were observed and their 

effects on material properties. XRD analysis revealed crystal structure and phase purity. UV 

spectroscopy was used for optical characteristics study. The vibrational modes and bonding 

characteristics of the synthesized spinel ferrites were examined using Fourier Transform 

Infrared (FTIR) spectroscopy. The outcomes shed light on the potential applications of 

(MnxMg1-xFe2O4) spinel ferrites in various technological fields, such as electronics, magnetics, 

and sensing applications. Spinel ferrites' properties can be changed using the co-precipitation 

synthesis method, which has shown promise. 
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1 Introduction 

Spinel ferrites, a class of magnetic materials, have drawn a lot 

of interest because of their exceptional qualities and wide range 

of applications in numerous fields. Due to their distinct 

physical and chemical characteristics compared to larger 

particles or bulk, magnetic nanoparticles greatly interest 

scientists[1]–[3],[4]. Manganese ferrite (MnFe2O4) 

nanoparticles are magnetic nanoparticles that have the highest 

magnetic moment when compared to other ferrite systems [5].  

Compared to CoFe2O4 and NiFe2O4, MnFe2O4 has a 

significantly lower resistivity and a higher magnetic 

permeability. As a result, the addition of Mg ions changes the 

magnetic properties of manganese ferrite and increases the 

possibility of realizing superparamagnetic properties. This 
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condition gives rise to thermal energy at room temperature, 

preventing the anisotropy energy from returning to its low 

state. Since the sum of the magnetic moments of the magnetic 

material, except blocking temperature, are all pointing in 

different directions, the total magnetic moment of the bulk in 

this situation is zero. This intriguing property offers potential 

uses for a variety of electronic devices, including target 

materials for drug delivery systems and contrast agents in 

magnetic resonance imaging systems [6]–[11]. 

Numerous methods, including the coprecipitation method, sol-

gel, microemulsion, hydrothermal, and others [12]–[16], have 

been developed to produce magnetic nanoparticles. The 

coprecipitation method is one of the best alternatives when 

weighed against alternative techniques because it is simple and 

efficient. This technique can be used in atmospheric conditions 

and results in a relatively narrow grain size distribution. 
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Chemicals with high-grade analysis qualifications are 

frequently used to produce magnetic nanoparticles. Iron sands 

(i.e., a plentiful supply of natural resources) are also present. e. 

with the highest hematite, magnetite, etc. content. (both on the 

coast and in the fine deposits of the river) can be found almost 

everywhere in Indonesia. Hematite content has also been 

reported to rise when materials are annealed at 800 ℃ under 

atmospheric conditions [17]. The tiny size of the fine sediment 

also makes it possible to extract it and use it as a starting point 

for the synthesis of magnetic nanoparticles. 

The (MnxMg1-xFe2O4) spinel ferrites synthesized using the co-

precipitation method are examined in this paper. Spinel's 

properties can be customized for various technological 

applications by replacing Mn in its lattice. Better magnetic 

materials could be made if we knew more about how spinel 

ferrites work. 

The study aims to examine the properties of magnetic 

materials. The samples' structural, optical, and vibrational 

properties are assessed using X-ray diffraction, UV-visible 

spectroscopy, and FTIR. This study adds to the growing body 

of knowledge in functional materials by shedding light on the 

structural, optical, and vibrational characteristics of (MnxMg1-

xFe2O4) spinel ferrites produced by the co-precipitation 

technique, opening the door for future developments in spinel 

ferrite-based technology. 

2 Materials and methods 

The natural iron-sand, from Kata Beach in West Sumatera, is 

one of MnxMg1-xFe2O4's main constituents. As a result, MnCl2 

and MgCl2 provide Mn2+ and Mg2+ ions. The values chosen for 

the stochiometric x are 0.25, 0.50, 0.75, and 1. In the beginning, 

5 mL of HCl was used to dissolve 8 grams of iron sand. After 

the solution has been filtered using Whatman Paper No. 42, 

Mn2+ and Mg2+ are added in amounts equal to stoichiometry 

and stirred until the mixture is homogeneous. In addition, the 

solution is added to 100 ml of a 2 M NH4OH solution and 

stirred continuously for two hours at 110 ℃ using a 200 rpm 

magnetic stirrer. The precipitated yield is dried overnight and 

repeatedly washed with ethanol and deionized water to produce 

a clean product. The final product is therefore dried in an oven 

set to 70 ℃. 

3 Results and Discussions 

3.1 X-Ray Diffraction Technique 

The powder X-ray diffraction (PXRD) measurements are 

performed to confirm the crystallographic structure, phase 

purity, and identification of the synthesized samples of the pure 

and manganese-doped magnesium ferrites MnxMg1-xFe2O4. 

The variable composition "x" ranges from 0 to 1. XRD pattern 

gives valuable information about crystallographic properties.  

Upon analyzing the XRD pattern of MnxMg1-xFe2O4, a series 

of distinct diffraction peaks are usually seen. Such peaks offer 

insights into the atomic arrangement of the material. 

Examining the positions, intensities, and shapes can determine 

the crystal structure and composition. The diffraction peaks' 

strength reveals the abundance of crystallographic phases in the 

sample. This aids in determining crystallinity and evaluating 

the synthesized material's quality. 

The PXRD patterns at different molarities are recorded in the 

range 20°–70° and are exhibited in Figure 1 (a–e). The primary 

diffraction (2θ) intensity peaks values of MgFe2O4 and 

Mn0.25Mg0.75Fe2O4 NPs present similar patterns at 30.12°, 

35.40°, 43.19°, 53.76°, 62.04°, corresponding to (220), (311), 

(400), (422), and (440) crystal planes. 

 

Figure 1: XRD pattern for (a) MgFe2O4, (b) 

Mn0.25Mg0.75Fe2O4, (c) Mn0.50Mg0.50Fe2O4, (d) 

Mn0.75Mg0.25Fe2O4, and (e) MnFe2O4 

These observed patterns are very much consistent with the 

metal ferrite oxides (MFO) NPs cubic spinel phase (JCPDS 

Card No. 88–1943) [18]. The diffraction peak observed at 

57.16° resembles the manganese hkl plane of (333) and is in 

good agreement with (ICDD Card No. 01-074-2403) [19], 

confirming manganese impurity in the lattice of MgFe2O4. As 

the concentration is varied beyond, the diffraction peaks at 

30.09° and 57.16° seem to have disappeared and are not present 

in any of the samples and can be correlated to the changing of 

the molarity concentrations.  

However, very distinct diffraction peaks of Fe2O3 were also 

recorded and were well matched with (JCPDS Card No. 05-

0566). These findings are consistent with the existing literature 

[20], [21]. The shifting in diffraction angle 2θ = 53.76° towards 

a higher value with changing molarity was also found. An 

absence of any extra peak in the diffraction patterns is clear of 

the phase purity. 

The average crystallite size (D) is evaluated by the Scherrer 

equation [22], [27]-[37]: 

D =
kλ

β cos θ
   (1.) 

where λ stands for the wavelength of the incident X-ray beam, 

k is a shape factor and is taken as 0.9, full width at half 

maximum of broadened characteristic peaks, and Bragg 
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diffraction angle are represented by β and θ are, respectively. 

The value of D for MgFe2O4, Mn0.25Mg0.75Fe2O4, 

Mn0.50Mg0.50Fe2O4, Mn0.75Mg0.25Fe2O4, and MnFe2O4 NPs is 

determined to be 18.02, 13.26, 10.58, 15.35, and 15.34 nm.  

The table of XRD measurements presents important data about 

the crystalline features of a substance, including 2θ, interplanar 

distance, hkl values, FWHM, and crystallite size, as can be seen 

in Table 1. 

Table 1: Structural parameters calculated using XRD data 

MnxMg1-xFe2O4 
Peak position 

(2θ) 
(hkl) FWHM (β) 

Crystallite Size, 

D (nm) 

Average D 

(nm) 

x = 0 30.17 220 0.34418 21.75694816 18.02160851 
 35.52 311 0.36103 20.45798649  

 43.11 400 0.49329 14.6225838  

 53.53 422 0.34814 19.89037377  

 57.16 333 0.46808 14.54995356  

 62.6 440 0.39324 16.8518053  

x = 0.25 30.18 220 0.42927 17.44349889 13.26009414 
 35.54 311 0.45976 16.06351167  

 43.94 400 0.82747 8.691715061  

 51.21 024 0.30926 22.6144574  

 53.52 422 4.70235 1.487287653  

 57.12 333 0.53158 12.81405106  

 62.7 440 0.63812 10.3791536  

x = 0.50     10.58835738 
 33.21 104 0.44729 16.61591293  

 35.54 311 0.47769 15.46057093  

 43.94 400 0.82456 8.72238947  

 45.23 116 4.60532 1.554556183  

 50.23 024 0.41223 16.9656432  

 53.53 422 0.38396 18.03478155  

 57.12 333 0.68756 9.907052858  

 62.7 440 0.32644 20.28901328  

x = 0.75      

 33.23 104 0.45761 16.24034606 15.35521589 
 35.55 311 0.46721 15.80729709  

 43.96 400 0.38753 18.55815206  

 50.23 024 0.52431 13.39346693  

 53.57 422 0.62674 11.04671022  

 57.6 333 0.44729 15.19427252  

 62.74 440 0.38396 17.24626634  

x = 1      

 33.25 104 0.45761 16.23950001 15.34469142 
 35.55 311 0.46721 15.80729709  

 43.96 400 0.38753 18.55815206  

 51.23 024 0.52431 13.33816971  

 53.57 422 0.62674 11.04671022  

 57.84 333 0.44729 15.17674447  

 62.74 440 0.38396 17.24626634  

3.2 UV-Vis Spectroscopy 

The UV-vis absorption spectrum of MnMgFe2O4, a spinel 

ferrite compound, is investigated using a spectrophotometer in 

the different wavelength ranges. The absorption spectrum helps 

us understand the material's light and electronic properties.  

The UV-visible absorption spectrum displays absorbance plots 

of MnMgFe2O4 nanoparticles at various molarities as presented 

in Figure 2 (a). It can be seen that all of the produced 

nanoparticles showed a similar pattern in the absorbance plot 

in the UV region and an increase in absorbance is recorded for 

the Mn0.25Mg0.75Fe2O4 and Mn0.50Mg0.50Fe2O4 samples as the 

wavelength moved from 300 – 350 nm in the UV region. 

Compared to MgFe2O4, it is discovered that adding a small 

amount of Mn (0.25 & 0.50) increases the absorbance 

throughout the electromagnetic spectrum. However, beyond 

the (0.25 & 0.50 of Mn), further increases in the dopant (to 0.75 

& 1.0 of Mn) reduce the absorbance data. The absorbance of 

the material seems to vary with changing Mn molar 

concentration. The spectrum shows distinct absorption bands 

in the UV region.  
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In the UV region (300 – 350 nm), a broad absorption band is 

observed, showing electronic transitions involving the valence 

and conduction bands. This absorption is likely attributed to 

charge transfer transitions between the metal ions in the spinel 

structure. 

   
Figure 2: UV-vis spectra of (a) MgFe2O4, (b) Mn0.25Mg0.75Fe2O4 (c) Mn0.50Mg0.50Fe2O4 (d) Mn0.75Mg0.25Fe2O4 and (e) MnFe2O4 

     
Figure 3: (S1) Band gap energy values of MgFe2O4, Mn0.25Mg0.75Fe2O4, Mn0.75Mg0.25Fe2O4 and MnFe2O4 (S2) 

Mn0.50Mg0.50Fe2O4  (S3) FTIR spectra of (a) MgFe2O4 (b) Mn0.25Mg0.75Fe2O4 (c) Mn0.50Mg0.50Fe2O4 (d) Mn0.75Mg0.25Fe2O4 (e) 

MnFe2O4

The observed absorption bands can be attributed to the crystal 

field splitting and exchange interactions between the transition 

metal ions in the spinel structure. Overall, Mn0.50Mg0.50Fe2O4 

has a strong UV absorbance, which makes the material 

appropriate for p-n junction formation in solar cells and 

photovoltaic applications. 

Notably, as the UV wavelength increases from 400 to 450 nm, 

a rise in transmittance is seen for the MgFe2O4 and 

Mn0.25Mg0.75Fe2O4 samples. However, the greatest increase is 

observed in the sample MnFe2O4 as shown in Figure 2(b). 

Similarly, Figure 2(c) displays the reflectance plots of 

MnMgFe2O4 nanoparticles at different molarities. All 

produced nanoparticles are found to follow the same pattern in 

the UV region of the reflectance spectra. However, the 

reflectance of MnFe2O4 seemed to decrease at the increasing 

wavelengths. 

The energy band gap (Eg) of MgFe2O4 at varied dopant 

molarities is deduced via Equation (2): 

(αhv)2  = A(hv − 𝐸g)  (2) 

Where α2 is absorption coefficient square, hν is photon energy, 

and Eg is the energy band gap [22]. Figure 3(S1 and S2) shows 

a plot of (αhν)2 against hν at varied molarities. The materials' 

energy band gap is calculated from this plot by projecting the 

straight section of the curve down to the hv axis at (αhν)2 = 0. 

MgFe2O4, Mn0.25Mg0.75Fe2O4, Mn0.75Mg0.25Fe2O4, and 

MnFe2O4 exhibit a band gap energy of 3.93, 3.86, 3.77, 3.59 

eV, however, Mn0.50Mg0.50Fe2O4 reveals the lowest band gap 

of 3.40 eV. Different molarity concentrations have a significant 

influence on the energy gap, as evidenced in the report. 

3.3 Fourier Transform Infrared Spectroscopy (FTIR) 

The molecular vibrations and functional groups in MnxMg1-

xFe2O4 are analyzed using the potent analytical technique 

known as FTIR spectroscopy, where x denotes the changing 

amounts of manganese (Mn) and magnesium (Mg) in the spinel 

structure as shown in Figure 3(S3). Using a high-resolution 

FTIR spectrometer, the data is collected in the range of 600 – 

4000 cm-1, and the observations are made under natural 

lighting.  

It can be seen that the MnxMg1-xFe2O4 spectra show several 

distinctive absorption bands in the infrared spectrum. The 

vibrational modes of the atoms and functional groups that make 

up the spinel structure can be studied from these bands. The 

tetrahedral and octahedral complexes’ stretched vibrations are 

thought to be responsible for the absorption band at about ~600 

[23]. Around 3399 and 1625 cm-1 are where the stretching and 
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bending vibrations of hydroxyl groups and H2O are found, 

respectively [24]. The spectra of FTIR in the range 900 – 600 

cm-1 confirmed the production of spinel ferrites [25]. The metal 

and oxygen bonds are also found in this range. The absorption 

band found at 1550 cm-1 suggests that there are some citrates 

present in the ferrite pores [26]. 

4 Conclusions 

We have successfully synthesized MnxMg1-xFe2O4 

nanoparticles. The primary diffraction (2θ) intensity peaks 

values of MgFe2O4 and Mn0.25Mg0.75Fe2O4 NPs present similar 

patterns at 30.12°, 35.40°, 43.19°, 53.76°, 62.04°, 

corresponding to (220), (311), (400), (422), and (440) crystal 

planes. These observed patterns are very much consistent with 

the MFO NP cubic spinel phase. It can be seen that all of the 

produced nanoparticles showed a similar pattern in the 

absorbance plot in the UV region and an increase in absorbance 

is recorded for the Mn0.25Mg0.75Fe2O4 and Mn0.50Mg0.50Fe2O4 

samples as the wavelength moved from 300 – 350 nm in the 

UV region. Compared to MgFe2O4, it is discovered that adding 

a small amount of Mn (0.25 & 0.50) increases the absorbance 

throughout the electromagnetic spectrum. However, beyond 

the (0.25 & 0.50 of Mn), further increases in the dopant (to 0.75 

& 1.0 of Mn) reduce the absorbance data. The absorbance of 

the material seems to vary with changing Mn molar 

concentration. The spectrum shows distinct absorption bands 

in the UV region. MgFe2O4, Mn0.25Mg0.75Fe2O4, 

Mn0.75Mg0.25Fe2O4, and MnFe2O4 exhibit a band gap energy of 

3.93, 3.86, 3.77, 3.59 eV, however, Mn0.50Mg0.50Fe2O4 reveals 

the lowest band gap of 3.40 eV. The statistics unambiguously 

show that varying molarity concentration changes the energy 

gap significantly. 
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