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Abstract: This investigation provides a comparative examination of the optical characteristics of 

magnesium ferrite (MgFe₂O₄) and cobalt ferrite (CoFe₂O₄), which are two significant spinel ferrites 

utilized in various applications, including photocatalysis, sensing technologies, and energy-related 

devices. A range of optical attributes, including the absorption coefficient, refractive index, dielectric 

function, electrical conductivity, and loss function, were systematically analyzed and contrasted. 

The findings indicated that both materials exhibit pronounced absorption in the low-energy 

spectrum, with MgFe₂O₄ demonstrating robust absorption in the high-energy range (40-60 eV), 

whereas CoFe₂O₄ revealed considerable absorption in the intermediate energy range (10-30 eV). 

Additionally, CoFe₂O₄ displayed a dielectric response characterized by sharper peaks, suggesting 

more localized electronic transitions. Moreover, notable distinctions in conductivity and loss 

function were identified between the two materials. This research substantiates the critical role of 

chemical composition and crystalline structure in influencing the optical properties of these 

compounds, thereby enriching the comprehension of their applicability in optical and sensing 

domains. 
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1. Introduction 

The spinel compounds belonging to the AB2O4 family (including NiFe2O4, 

MgFe₂O₄, and CoFe2O4, among others) hold significant relevance in the domains of 

materials science and engineering owing to their extensive applicability and exceptional 

properties. Within the stoichiometric formula of the AB2O4 framework, the components 

A, B, and O represent the divalent cations, trivalent cations, and divalent anions, 

respectively. In the configuration of inverse spinel oxides, the A atom is distributed across 

octahedral sites, while the B atom is uniformly allocated to both tetrahedral and octahedral 

sites. The spinel ferrites are of considerable interest due to their diverse and remarkable 

magnetic and electronic characteristics. Notably, CoFe2O4 is distinguished for its 

exceptional physical and chemical attributes. It demonstrates a high Curie temperature, 

reduced coercivity, moderate saturation magnetization, elevated magnetic moment, 

substantial magneto-crystalline anisotropy, a high magnetostrictive coefficient, along with 

remarkable chemical stability and mechanical hardness [1][2][3][4][5][6][7][8]. The term 

"Ferrite" is generally attributed to complex oxides that predominantly comprise trivalent 

iron ions[9]. 

Conversely, Magnesium ferrite (MgFe2O4) is recognized as one of the paramount 

materials characterized by a spinel structure. This compound can be classified as an n-type 
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semiconductor exhibiting a direct bandgap[10]. which renders it suitable for utilization in 

various applications, including hyperthermia[11]. anode materials [12]. sensors [13]. 

photocatalysts [14]. and the removal of metal ions [15]. Aside from its straightforward 

preparation and cost-effectiveness, MgFe2O4 is noted for its high resistivity, as well as its 

low dielectric and magnetic losses [16]. Spinel ferrites represent significant ceramic 

materials possessing a variety of intriguing optical, magnetic, structural, and electronic 

properties. The general representation of spinels is denoted as AB2O4. These spinels 

exhibit a cubic crystal lattice that conforms to the space group Fd m3, comprising eight 

formula units per unit cell, which includes thirty-two O anions in a closely packed cubic 

configuration, in conjunction with twenty-four cations. The classification of spinels is 

contingent upon the distribution of metal ions across the tetrahedral and octahedral sites, 

leading to two categories: normal spinel and inverse spinel. In the normal spinel 

configuration, eight divalent cations occupy the tetrahedral sites, whereas all sixteen 

trivalent cations are situated in the octahedral sites. Conversely, in the inverse spinel 

arrangement, the sixteen octahedral sites are evenly shared between eight divalent and 

eight trivalent cations, while the remaining eight trivalent cations occupy the tetrahedral 

sites [17]. Predominantly, research concerning MgFe₂O₄ has concentrated on empirical 

investigations, with relatively few studies addressing theoretical aspects. Maensiri et al 

[18] . reported that MgFe₂O₄ possesses a cubic structure typical of normal spinel and is 

characterized as a soft magnetic n-type semiconducting material. Guo et al [19]. utilized 

density functional theory (DFT) to conduct the first comprehensive study of various 

MgFe₂O₄ surfaces across three distinct spinel structures: normal, mixed, and inverse. [20]. 

Based on first-principle calculations and density functional theory (DFT) [21]. In this work 

we will make a comparison between magnesium ferrite (MgFe2O4) and cobalt ferrite 

(CoFe2O4) in terms of optical properties. This research aims to conduct a comparative 

study between magnesium ferrite (MgFe₂O₄) and cobalt ferrite (CoFe₂O₄) in terms of 

optical properties, to understand the influence of chemical composition and crystal 

structure on the optical behavior of these two compounds. These materials are of great 

importance in technological applications such as solar cells, sensors, photocatalysis, and 

optoelectronics[22]. Measurements of the optical absorption dimensional coefficient in 

particular near the main absorption edge, have enhanced the study of optically induced 

electronic transition[23]. In this study, the effect of varying the addition of magnesium 

oxide (MgO) to a glass consisting of 65% Na2B4O7 – 35-x% V2O5 – x% MgO, where (x) 

represents the magnesium oxide produced by conventional melt-quenching technology, 

was investigated. The structural and optical properties of the glass containing the varying 

magnesium addition were investigated. X-ray diffraction (XRD) results confirmed the 

amorphous nature of the samples. The density of the glass network is directly proportional 

to the amount of magnesium oxide present. Experimental results indicate that the infrared 

spectra of these glasses are predominantly characterized by the presence of two groups, 

B2O3 and B2O7. Furthermore, the band shift decreases with increasing MgO concentration 

in the glass network[24]. 

2. Materials and Methods 

Calculation Model : This models uses in study are based on cobalt ferrite (CoFe₂O₄) and 

magnesium ferrite (MgFe₂O₄), both of which crystallize in the spinel structure. These 

materials exhibit a rhombohedral lattice representation with lattice constants of a = b = c = 

5.7441 Å for CoFe₂O₄ and a = b = c = 5.9676 Å for MgFe₂O₄, and internal angles of α = β = γ 

= 60° in both cases. The real and reciprocal lattice vectors for each structure are shown in 

Table 1. The calculated cell volumes are 134.01 Å³ and 150.27 Å³, with corresponding 

densities of 5.96 g/cm³ for CoFe₂O₄ and 4.42 g/cm³ for MgFe₂O₄, respectively. These values 

are consistent with previous experimental and theoretical studies  [25]. For both materials, 

a 2×2×2 supercell is constructed to accurately model the crystal environment, yielding a 

total of 112 atoms for MgFe₂O₄ (based on a 14-atom unit cell) and a corresponding number 
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for CoFe₂O₄ depending on its unit cell composition. In these supercells, the cations are 

distributed according to the normal spinel configuration, where Mg²⁺/Co²⁺ occupy 

tetrahedral (A) sites and Fe³⁺ occupy octahedral (B) sites[26]. To explore the effects of 

substitutional doping, three configurations are proposed for each ferrite. In Model I, a 

dopant atom replaces an Fe³⁺ ion at a central B site. In Model II, the dopant is located at a 

B site near the cell boundary. In Model III, the substitution occurs at a B site adjacent to an 

A-site cation (Mg or Co), potentially affecting local electronic and magnetic interactions. 

The atomic structures of these models are illustrated in Figures 1(b)–1(d). All structures 

are fully relaxed using appropriate convergence criteria before proceeding with further 

electronic, magnetic, and thermodynamic property calculations[27].  

Calculation Method: The computational analysis was executed utilizing the first-

principles approach grounded in density functional theory (DFT)[28]. The geometric 

configuration, energy states, band structure, Mulliken population analysis, and the three-

dimensional optical characteristics of the (MgFe₂O₄) and (CoFe₂O₄) complexes were 

derived employing the CASTEP software package[26]. The ultra-soft pseudopotential 

(USPP)[29]. was implemented to address the interactions between ionic cores and 

electrons, while the Perdew–Burke–Ernzerhof (PBE) functional[30]. of the generalized 

gradient approximation (GGA) was employed to account for the exchange-correlation 

energy among electrons. We established the plane wave truncation energy at 340 eV and 

the energy convergence precision at 1.0×10−6 eV/atom. We designated (Mg: 1s² 2s² 2p⁶ 3s², 

Fe: 3d⁶ 4s², and O: 1s² 2s² 2p⁴) and (Co: 3d⁷ 4s², Fe: 3d⁶ 4s², O: 1s² 2s² 2p⁴) as valence electrons, 

with all other orbital electrons classified as core electrons for the computational procedure. 

The K-point path was specified as 

Γ(0, 0, 0) ⟶ K( 1,1,1 ). The 5×5×5  MonkhorstandPack[31]. The total number of bands 

included in the optical calculations was 92. The optical properties were computed within 

the independent particle approximation, and the dielectric function was obtained using 

the linear response method[32].  

The relationship between the wavelength of light (λ) and the dispersion of the 

refractive index (n) is expressed as follows. 

n = A+
𝑩

𝝀𝟐 +
𝑪

𝝀𝟒       ………………………………………………(1) 

Where A, B, and C are special constants dependent on the material. 

 

𝛂(𝝎) =
𝟐𝝎𝒌(𝝎)

𝒄
   ………………………………………………(2) 

α(𝜔): 𝐴𝑏𝑠𝑜𝑟𝑝𝑡𝑖𝑜𝑛 𝑐𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡 

c : Speed of light in vacuum  

𝜔 ∶ angular frequency of incident light 

K(𝜔): 𝐸𝑥𝑡𝑖𝑛𝑐𝑡𝑖𝑜𝑛 𝑐𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡 

𝑅(𝑤) =
(𝑛−1)2+𝐾2

(𝑛+1)2+𝐾2    ………………………………………………(3) 

n: Refractive Index 

k:  Extinction Coefficient 

R(ω) : Reflectivity as a function of angular frequency 
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3. Results and Discussion 

Optical properties of the compound (MgFe2O4) 

 
Figure 1.  This figure represents the reflectivity as a function of energy for the 

compound (MgFe₂O₄). 

Illustrates Figure 1the relationship between reflectivity and energy in electron volts. 

The curve represents the response of a material to electromagnetic radiation in a specific 

energy range, which often reflects the properties of the material's electronic structure. A 

significant decrease in reflectivity is observed at around ( 30 ev ), indicating the presence 

of a strong absorption point at this energy. At lower energies (>10 ev), the reflectivity 

begins to rise and then fluctuates, which may be related to the material's electronic 

structure, plasmon effects, or electronic excitations. However, at higher energies (<50ev), a 

sharp increase in reflectivity is observed, along with prominent peaks, indicating the 

presence of electronic transitions. 

 
Figure 2. Represents the absorption coefficient as a function of energy for the 

compound (MgFe₂O₄). 

The figure shows the relationship between absorption and energy in electron volts. It 

is clear from the figure that there are three energy levels. The first: where absorption is 

weak and ranges between (0-10ev) and this is Due to electron transitions between 
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conduction and valence energies which are affected by the electronic configuration of the 

iron and magnesium ions. The second: are the peaks that range between (10-30ev) and 

indicate electron transitions within the iron ions. The third: is the one with high absorption, 

ranging between (40-60ev) which indicates possible ionization processes where the 

electrons gain sufficient energy to escape from the valence band. 

 

 

 

 

 

 

 

 

Figure 3. The refractive index in this figure is represented as a function of energy for 

the compound (MgFe₂O₄). 

 

This figure illustrates The relationship between absorption coefficient (k) and 

refractive index (n) . It is clear from this figure that (n,k) increases at low energies, 

indicating a strong absorption band. In addition, the decrease in (k) at high energies makes 

the material more transparent to these frequencies. The electronic structure of a material is 

related to the current fluctuation. 

 
Figure 4. This figure represents the dielectric function of the energy function, for the 

compound (MgFe₂O₄). 

 

This figure illustrates three things. First, (ε_1) appears with a high value at low 

energies and then decreases rapidly, indicating that the material has a good dielectric 

response. Second, (ε_2)appears with a sharp peak at low energies as well, indicating the 

presence of strong electronic transitions. As the energy increases, the absorption fades. 

Third, (ε_1.ε_2) values become very small when the energy level ranges between (20-30ev) 

and  indicating that the material no longer absorbs photons well. 
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Figure 5. This figure represents the conductivity as a function of energy, for the 

compound (MgFe₂O₄). 

This figure shows the presence of three energy levels. When the energy is low between 

(0-10ev) the intrinsic conductivity will appear with small positive values, indicating the 

beginning of weak electron transitions. When the energy is intermediate between (10-30ev) 

we observe a gradual increase in the intrinsic conductivity, meaning that more electrons 

are being stimulated towards the conduction band. At high energy levels, greater than 40, 

the intrinsic conductivity increases significantly, indicating the presence of electron 

transitions. 

 
Figure 6. The loss function is considered as a function of energy, for the compound (MgFe₂O₄) 

This figure illustrates the spectral loss function, which expresses the extent of energy 

loss of electrons during their interaction with the materialIt is intrinsically associated with 

the plasmonic phenomena and the optical characteristics of the substance, and there exist 

various energy states. The spectral loss function is related to the imaginary part of the 

dielectric function such that the peaks occur at energies at which a large change occurs in 

the material's response to electromagnetic waves. The plasmon energy can be extracted 

from the principal peak position in the loss function. 

 

 

 



 1345 
 

  
Central Asian Journal of Medical and Natural Science 2025, 6(3), 1339-1349.                 https://cajmns.centralasianstudies.org/index.php/CAJMNS 

Optical properties of the compound (CoFe₂O) 

 
Figure 7.  The absorption coefficient as a function of energy, for the compound 

(CoFe₂O₄). 

This figure shows that reflectivity is high at low energies, indicating that the material 

reflects most of the incident light at these energies. After that, we observe a sharp decrease 

in reflectivity, indicating the onset of optical absorption due to electronic transitions. There 

are also multiple peaks at intermediate energies, indicating electronic response. 

 
Figure 8. The absorption coefficient as a function of energy, for the compound 

(CoFe₂O₄). 

The figure shows three energy levels. The first has medium absorption, ranging (0-

10ev), due to electron transitions within the iron ions. The second has high absorption, 

ranging   (10-30ev), indicating potential ionization processes in which electrons gain 

sufficient energy to escape the valence band. The third has low absorption, ranging (30-

40ev) Due to electron transitions between conduction and valence energies. 
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Figure 9. Represents the refractive index as a function of energy for the compound 

(CoFe₂O₄). 

This figure illustrates the relationship between the refractive index (n) and the 

absorption coefficient (k). It is clear from this figure that (n,k) increases at low energies, 

indicating a strong absorption band. In addition, the decrease in (k) at high energies makes 

the material more transparent to these frequencies. The current fluctuation is related to the 

electronic structure of the material. 

 
Figure 10. Represents the dielectric function as a function of energy for the 

compound (CoFe₂O₄). 

This figure illustrates three things. First, (ε_1) appears with a high value at low 

energies and then decreases rapidly, indicating that the material has a good dielectric 

response. Second, (ε_2) appears with a sharp peak at low energies as well, indicating the 

presence of strong electronic transitions. As the energy increases, the absorption fades. 

Third, (ε_1.ε_2) values become very small when the energy level ranges between (20-30ev) 

and  indicating that the material no longer absorbs photons well. 
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Figure 11. Represents the conductivity as a function of energy for the 

compound(CoFe₂O₄). 

The figure shows that the peaks in conductivity represent electronic transitions 

between different energy levels within the material. There are also dips and fluctuations 

that indicate interference or scattering effects resulting from the material's structure. 

Conductivity is most stable at high energies, which means that most of the important 

effects occur at low and intermediate energies. Finally, we note the presence of negative 

values in the imaginary part, which may indicate unconventional absorption effects and 

complex responses of the electronic structure. 

 
Figure 12. Represents the loss function as a function of energy for the 

compound(CoFe₂O₄). 

This figure illustrates the  loss function, which expresses the extent of energy loss of 

electrons during their interaction with the material. It is directly related to the plasmons 

and optical properties of the material, and there are different energy levelsThe loss 

function is related to the imaginary part of the dielectric function and when there is a large 

change in the response of the material to electromagnetic waves, peaks occur at these 

energies.. The plasmon energy can be extracted from the principal peak position in the loss 

function. 

4. Conclusion 

In summary, this comparative analysis of magnesium ferrite (MgFe₂O₄) and cobalt 

ferrite (CoFe₂O₄) has yielded significant insights into the optical characteristics of these 

two spinel ferrites, which are essential for a myriad of technological applications. Both 

substances demonstrate unique optical behaviors, shaped by their respective chemical 

compositions and crystalline structures. MgFe₂O₄ exhibits enhanced absorption at elevated 
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energies, particularly within the 40-60 eV range, indicative of ionization phenomena, 

whereas CoFe₂O₄ reveals considerable absorption at intermediate energy levels (10-30 eV), 

linked to electronic transitions among the Fe³⁺ and Co²⁺ ions. The dielectric and refractive 

index characteristics of both materials imply favorable dielectric responses at lower 

energies, with CoFe₂O₄ exhibiting more pronounced transitions, suggesting an increased 

localization of electronic states. Moreover, the analyses of conductivity and loss functions 

indicate that CoFe₂O₄ experiences greater fluctuations at intermediate energies, pointing 

to more intricate electronic interactions. These observations emphasize the necessity of 

comprehending the material's composition and structure in optimizing their optical 

properties for targeted applications such as sensors, optoelectronics, and energy 

harvesting devices. Both MgFe₂O₄ and CoFe₂O₄ possess distinct optical attributes 

rendering them suitable for diverse technological applications, with MgFe₂O₄ being 

particularly advantageous for applications requiring high-energy absorption and CoFe₂O₄ 

exhibiting potential for sensor and optoelectronic applications due to its expansive 

absorption range and unique dielectric properties. 
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