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Abstract: Study of strain-dependent magnetic properties of Fe3Se4 material through density functional 

theory. The structural and electronic properties were also studied. From the analysis of its electronic 

band structures and state density, we have found out that there is a hybridization of Fe-3d and Se-4p 

states at the Fermi level. So, from our study, we find metallic band structure (electronic states of up and 

down spin crosses the Fermi level) for this system, and hence it shows metallic behavior, while from 

the density of states, it was shown that the Fe atoms contribute more than Se atom at the Fermi level 

and it is mainly due to the Fe-3d states. We have also found out its magnetic moment, which comes out 

to be 4.29µB per unit cell. We have also applied mechanical strain in compressive and tensile strain and 

studied its effect on the magnetic moment. Variation in the magnetic moment is noticed due to the 

applied strain. This Fe3Se4 material has its application in spintronics and various magnetic storage 

devices.  
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1. Introduction 

Since 1950, we have studied iron chalcogenides compounds [1-4]. Fe3Se4 and Fe7Se8 

are the two magnetic compounds in which Fe and Se along the C-axis occupy layers alternate. 

Curie temperatures of Fe3Se4 and Fe7Se8 are 314 K and 450 K [1-4]. Here, we have studied 

about Fe3Se4. Fe3Se4 and Fe7Se8 are hard magnetic materials that recently got attention because 

of their magnetic and electrical properties. It was observed that this Fe3Se4 material has a large 

coercivity at room temperature [5]. So, These magnetic materials have their applications in 

permanent magnets and high-density data storage due to their large coercivity [6,7]. As the 

atomic number of anions increases as we go to Te from O., covalency between the d orbitals 

of transition-metal and the p orbitals of anion becomes hard; hence we can say that movement 

of d electrons in transition-metal chalcogenides is more than that in oxides [8]. Hirone and 

Chiba were the first to study the magnetism of iron selenides. They have found 303 K Curie 

temperature for this Fe3Se4, where Terzieff and Komamk also studied magnetic properties and 

got the Curie temperature 338 K; we got these differences because of the variation in 

compositions found in the solid-solution range [9]. In the present paper, we aim to gain a 

https://materials.international/
https://materials.international/
https://doi.org/10.33263/Materials41.002
https://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0003-0878-3137
https://orcid.org/0000-0003-3364-3734
https://orcid.org/0000-0002-7083-1884
https://orcid.org/0000-0001-7246-8743
https://orcid.org/0000-0002-6517-9713
https://orcid.org/0000-0001-7319-2865
https://orcid.org/0000-0003-1231-9994


https://doi.org/10.33263/Materials41.002  

https://materials.international/ 2 of 6 

 

fundamental understanding of the lattice structure, electronic DOS and band structure, and the 

magnetic behavior of this ferromagnetic material through density functional theory [10]. We 

also aim to study the variation of the magnetic moment due to the applied mechanical strain. 

2. Materials and Methods 

2.1. Methodology 

Here, spin-polarized density functional theory is used to calculate through VASP [11-

14] software. By taking the Perdew–Burke-Ernzerhof (PBE) as exchange-correlation 

functional [15-20] in the generalized gradient approximation (GGA) scheme, we have solved 

the Kohn-Sham equations [21-28]. We have taken the energy cut-off for plane-wave basis set 

to form electronic wave function as 500 eV. For electronic DOS and band structure 

calculations, the k-points which we have used is 15×15×15, and for optimization of the 

structure, we have used 5×5×5 k-points [22]. We have optimized lattice parameters and the 

positions of atoms for force and pressure below 10-3 eV/Å within the space group of 12/m 

(monoclinic phase). 

3. Results and Discussion 

3.1. Structural properties.  

We have studied strain-dependent magnetic properties of Fe3Se4 through the density 

functional theory approach. We have also obtained the fully optimized crystal structure of 

Fe3Se4 for a single unit cell, as shown in Figure 1(a). Here, we have considered 3 atoms of iron 

and 4 atoms of selenium. From this optimized crystal structure, the bond length between the 

atoms bond angle between atoms was known. The optimized angle between any three atoms 

Fe-Se-Fe is 70.395º, and between Se-Fe-Se is 91.193º, and the bond length between Fe-Se is 

2.574 Å and between Fe-Fe is 2.890 Å. The lattice constants for our structure are found to be 

a=3.45 Å, b=6.07 Å, and c=6.35 Å. we have also optimized the lattice constant as shown in 

Figure 1(b-d). We have also done energy cut-off optimization and k-points optimization to get 

the exact values for the same. 

3.2. Electronics properties 

The electronic properties of Fe3Se4 were studied, as shown in Figure 2. Figure 2(a) 

shows the total density of states and their contribution to the individual atom. From the 

electronic configuration of Fe and Se, it can be seen that the 3d orbitals of Fe and 4p orbitals 

of Se are taking part in this density of states. Figure 2(a) clearly shows that the Fe atom will 

contribute more to the density of states than the Se atom at the Fermi level. We have also 

calculated the electronic band structure, shown in Figure 2(b). Figure. 2(c),(d) shows the spin-

up and spin-down band structure of Fe3Se4. The valence and conduction bands overlap at the 

Fermi level, and we got a zero bandgap. Hence we can say that Fe3Se4 shows metallic nature.       

https://doi.org/10.33263/Materials41.002
https://materials.international/


https://doi.org/10.33263/Materials41.002  

https://materials.international/ 3 of 6 

 

 
Figure 1. (a) The fully optimized crystal structure of Fe3Se4, (b),(c),(d) shows constant lattice optimization of 

each lattice constant 

 
Figure 2. (a) shows the density of states of  Fe3Se4. (b)  electronic band structure of   Fe3Se4                                                                                                                    

(c) band-up  and (d) band-down also calculated for   Fe3Se4 
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Figure 3. (a)  Intrinsic strain of  Fe3Se4  and  (b)  Extrinsic strain of  Fe3Se4. 

3.3. Magnetic properties. 

The unit cell of Fe3Se4 material has 6 atoms of Fe and 8 atoms of Se in the monoclinic 

phase. Due to the presence of Fe atoms in this structure, we got a magnetic moment of 4.29 µB 

which is good consistent with previous literature. Further, when we applied extrinsic strain, the 

magnetic moment drastically changed in increasing order, as shown in Figure 3(a). While, 

when an intrinsic strain is applied, the magnetic moment changes significantly in decreasing 

order, as shown in Figure 3(b). 

4. Conclusions 

We have investigated the electronic and magnetic properties of Fe3Se4 through the 

density functional theory approach. It was observed that this material shows metallic behavior 

whose magnetic moment comes out to be 4.29 µB per unit cell. Because of the large permanent 

magnetic moment, this material is used in spintronics and magnetic storage devices. Due to 

applied mechanical strain in increasing or decreasing order, the changes in a magnetic moment 

in increasing and decreasing order are noticed. 
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