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Abstract: In this study, the electronic behavior and mechanical properties of the ferromagnetic 

chalcospinel manganese-based selenide (AgMn2Se4) which crystallized in face centered cubic 

structure with space group    ̅  and space number 227, were investigated. All ab initio 

calculations were carried out by Generalized Gradient Approximation (GGA) under spin 

polarization. For this composition, three different type magnetic orders were considered to 

detect the most stable magnetic character. For the given composition, the results of the 

computations indicate its ferromagnetic nature since this compound has a lower ground state 

energy in this magnetic order than in other magnetic phases. After determining the most 

energetically stable magnetic phase, the electronic behavior in this magnetic arrangement was 

examined. The observed electronic band structure under spin polarization of this compound 

shows that this selenide system is almost half-metallic material due to having small band gap 

(Eg = 0.09 eV) in the minority spin state. In addition, the mechanical stability was determined 

with the help of elastic constants which were also employed to determine the mechanical 

characteristics of this compound.  
 

Key words: Half-metallic, Ferromagnet, Density functional theory, Chalcogenide, Mechanical 

properties 
 

 

Ferromanyetik Manganez Selenyumun Elektronik Davranışı ve Mekaniksel 

Özellikleri Üzerine Teorik Bir Çalışma: AgMn2Se4  
 

Öz: Bu çalışmada    ̅  uzay grubu ve 227 uzay numarası ile yüz merkezli kübik yapıda 

kristalleşen ferromanyetik kalgospinel manganez bazlı selenidin (AgMn2Se4) elektronik 

davranışı ve mekanik özellikleri incelenmiştir. Tüm başlangıç hesaplamaları, spin polarizasyonu 

altında Genelleştirilmiş Gradient Yaklaşımı (GGY) ile gerçekleştirildi. Söz konusu 

kompozisyon için hesaplamaların sonuçları onun ferromanyetik doğasına işaret etmektedir 

çünkü bu bileşik bu manyetik düzende diğer manyetik fazlarda olduğundan daha düşük taban 

durumu enerjisine sahiptir. Enerjitik olarak en kararlı manyetik faz tespit edildikten sonra bu 

manyetik düzendeki elektronik davranış incelenmiştir. Bu bileşiğin spin polarizasyon altında 

gözlenen elektronik bant yapısı azınlık spin durumunda küçük bir bant aralığına (Eb = 0.09 eV) 

sahip olması nedeniyle bu selenid sistemin neredeyse yarı-metalik bir malzeme olduğunu 

göstermektedir. Ek olarak, elastik sabitlerden yararlanılarak mekaniksel kararlılık belirlenmiş ve 

bu sabitler kullanılarak bu bileşiğin mekaniksel özellikleri elde edilmiştir. 
 

Anahtar kelimeler: Yarı-metalik, Ferromanyetik, Yoğunluk fonksiyonel teorisi, Kalgonit, 

mekaniksel özellikler  
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1. Introduction  

For possible technological and industrial applications, the understanding of some 

physical properties of materials, especially electronic and mechanical properties, have 

been interest of material scientists for decades. The experimental or hypothetical 

discovery of new half-metallic materials is valuable importance, especially for 

spintronic applications. In this regard, the physical properties of ferromagnetic half-

metallic compounds such as chalcogenide chromium spinels given by the general 

formula ACr2Ch4 (Ch =S, Se and Te) in which element A is usually chosen from 

transition metals, has been the focus of attention for scientists for a long time [1-6]. The 

primitive cell of these compounds, also known as spinel chalcogenides, consists of 14 

atoms and matches the space group    ̅  and the space number 227 [1-3].  

 

There are many experimental and theoretical studies in the literature on ACr2Ch4 (Ch 

=S, Se and Te) type compounds due to their half-metallic or semiconducting behavior. 

One of them is the theoretical study investigating the dielectric properties and 

semiconductor electronic nature of ferromagnetic chalcospinel CdCr2S4 compound [2]. 

In another theoretical investigation, the electronic and magnetic behavior of spinel 

CdCr2Te4 was determined by ab initio calculations [3]. In a study, the ferromagnetic 

nature of CdCr2S4 compound was examined experimentally. In the related study, the 

heat capacity at low temperature was measured and the magnetization measurements of 

this compound was carried out [7]. In other experimental studies, CuCr2Te4 compound 

was reported as a ferromagnetic metal at Curie temperature around 300 K. Also, 

CuC2O4 compound was reported as a ferromagnetic metal at Curie temperature around 

300 K in another studies [8-11]. In this context, the main focus of this study is the 

addition of a new compound to the chalcospinel family due to the observation of half-

metallic and ferromagnetic behaviors in AgMn2Se4 compound, which are important in 

technology. 

 

In this study, due to the fact that the half-metallic compounds can be used in spintronic 

applications, the electronic behavior and some mechanical properties of new 

manganese-based selenide AgMn2Se4 for the stable magnetic phase was investigated. 

The observed electronic band structure in the most stable ferromagnetic phase using 

GGA approach, is nearly half-metallic and it could have great importance in terms of 

technology and industry. The addition of a new compound to chalcospinel family is 

significant since the AgMn2Se4 compound has a half-metallic behavior and can be used 

in possible future spintronic applications. As far as we have examined from the 

literature, there is no detailed study on the magnetic and electronic natures and 

mechanical properties of this compound yet.  

2. Material and Method  

In this computational study, the projector augmented wave (PAW) method [12] under 

the VASP (Vienna Ab initio Simulation Package) [13-14] algorithm was utilized for ab 

initio calculations [15-16]. To describe exchange-correlation effects in electron-electron 

interaction, Perdew-Burke-Ernzerhof (PBE) [17] type ultra-soft pseudopotentials under 

the framework of Generalized Gradient Approximation (GGA) were used. The 

electronic configurations of Ag, Mn, and Se atoms in our composition are as follows: 

5s
1
4d

10
, 3d

6
4s

1
, and 4s

2
4p

4
, respectively. The optimization process which for obtaining 

optimal lattice parameter and suitable atomic positions in primitive cell of the 

mentioned system, was realized by using automatically generated 10×10×10 

Monkhorst-Pack scheme [18] giving 110 k-points. During the calculations, the kinetic 
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energy cutoff value was fixed as 700 eV. The atoms in the primitive cell of this system 

were relaxed with the help of quasi-Newton method which was utilized for optimizing 

atoms until the forces on each atom less than 10
-8

 eV/Å. Also, to compute Kohn-Sham 

equations iteratively, the energy convergence criteria was taken as 10
-9

 eV. After 

deciding on the appropriate magnetic order for the system in this study, the electronic 

character and some mechanical properties were determined.  

 

3. Results  

Firstly, to detect relaxed atomic positions and optimized lattice parameter for the 

primitive cell of chalcospinel manganese-based selenide (AgMn2Se4), the optimization 

process was carried out. Then, the stable magnetic order, electronic character and also 

mechanical stability and anisotropy were examined for this system having face centered 

cubic structure with space group    ̅  and space number 227. In this composition, two 

silver atoms (Ag) were located at the 16d (0.5, 0.5, 0.5) octahedral sites whereas four 

manganese atoms (Mn) were positioned at the 8a (0.125, 0.125, 0.125) tetrahedral sites. 

The eight selenium ions (Se) in this normal spinel system were placed at the 32e (u, u, 

u) where u is internal parameter. In Figure 1, the primitive cell which have 14 atoms, of 

this composition is illustrated as three-dimensional crystallographic shape.   

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. The three-dimensional crystallographic shape of the primitive cell which is designed by 14 

atoms, of AgMn2Se4 compound. 

 

3.1. The Suitable Magnetic Phase and the Obtained Structural Parameters  

In this study, in order to decide the most stable magnetic phase of this system, it was 

considered three different type magnetic order as ferromagnetic (FM), antiferromagnetic 

(AFM) and paramagnetic (PM). Then, for each type, the formation energies (ΔEf) which 

is calculated to understand the thermodynamic stability or synthesizability of a solid for 

technological applications, was calculated from the internal energy changes [19] as 

presented in Equation 1: 

 

              (   
         

         
    ) (1) 

  

where,           is the total energy of this system whereas    
     ,    

    and    
     are 

the ground state energies of Ag, Mn and Se single crystals per atom. Because of the 
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negative formation energy values as listed in Table 1 it can be concluded that this 

system is a thermodynamically stable and synthesizable material. Also, the 

ferromagnetic type is the energetically most favorable type for this compound since this 

type has the lowest formation energy value among these types. Also, the lattice 

parameters of these types are listed in Table 1 and the ferromagnetic type has the 

highest lattice parameter among these types. 

 
 

Table 1. For different type magnetic phases, the obtained optimal lattice parameters (a in  ) and the 

formation energies (    in eV) of AgMn2Se4 compound. 
 

Compound a ( )     (eV/f.u.) 

AgMn2Se4 

5.379 (FM) -2.361 (FM) 

5.353 (AFM) -2.339 (AFM) 

5.178 (PM) -1.346 (PM) 

 

For this composition, after the optimization process was operated and the formation 

energies were calculated, with the help of the ground state energies and the unit cell 

volumes, energy-volume graphics was plotted by fitting the Vinet equation of state [20] 

as shown in Figure 2. The obtained ground state energies were well-converged and the 

asymptotic errors in fitting process were around one percent.  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. The plotted energy-volume graphics for each of magnetic order of AgMn2Se4. 

 

The energy-volume plots for the mentioned chalcospinel manganese-based selenide 

emphasizes that the paramagnetic and the antiferromagnetic phases are less favorable 

for this composition due to having larger ground state energy values than ferromagnetic 

phase. As can be seen from this figure, this compound is stable in the ferromagnetic 

phase as also indicated with the calculated formation energies. Consequently, the 

system in question is important for materials science as it has a ferromagnetic character. 
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3.2. The Observed Half-metallic Character of AgMn2Se4 Selenide 

To discover the electronic character of the chalcospinel manganese-based AgMn2Se4 

selenide, the electronic band structure and the total density of states (TDOS) were 

calculated under spin effect using the GGA approximation and drawn along the high 

symmetry directions for both majority and minority spin states. The plotted band graph 

with total density of states is presented in Figure 3. It is clearly seen from this figure 

that, the chalcospinel manganese-based selenide (AgMn2Se4) having ferromagnetic 

character, behaves as a nearly half-metallic material due having a small band gap (Eg = 

0.09 eV) in minority spin state. This band gap observed in the minority spin state is a 

direct band gap at Г point.  

 

 

 

 

 
 

 

 

 
 

 

 

 

 

 

Figure 3. The electronic band structure under spin effect and the TDOS of AgMn2Se4 compound. 

 

 

The plotted orbital projected partial density of states for atoms in this system and the 

total density of states are presented in Figure 4. It is clearly seen from this figure that, 

the 4p- orbitals of the selenium (Se) atoms are dominant both in the valence band and in 

the conduction band whereas the d-orbitals of manganese (Mn) atoms are dominant 

especially in the conduction band close to Fermi energy. The hybridizations between d- 

orbitals of manganese (Mn) atoms and p- orbitals of selenium (Se) atoms are noticeable 

in the region of this selenide composition close to the Fermi energy level of the 

conduction band (between about 0 eV and 1.1 eV). Furthermore, in the valence band 

nearly between -4 eV and -1.5 eV, the hybridizations are seen between d-orbitals of 

silver (Ag) and manganese (Mn) atoms and p- states of selenium (Se) atoms. Also, it can 

be clearly understood that the filled s- orbitals in this composition, given by dashed red 

lines in the graph in question, have very low-density states around the Fermi energy, so 

they do not have a significant effect on the bonding properties. In addition, it can be said 

that p-orbitals of silver (Ag) and manganese (Mn) atoms have not dominant role about 

the half-metallicity nature of AgMn2Se4 selenide. In this regard, the half-metallic 

behavior of this chalcospinel manganese-based selenide (AgMn2Se4) can be chiefly 

determined by d- orbitals of manganese (Mn) atoms and p- orbitals of selenium (Se) 

atoms and hybridizations between them. 
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Figure 4. The total (TDOS) and the partial density of states (PDOS) of AgMn2Se4 compound. 

 

 

The computed total and partial magnetic moments of this compound show that 

manganese atoms play the leading role in its ferromagnetic nature. Also, as a typical 

character of half-metallic systems, the total magnetic moment is close to integer value, 

as seen in Table 2.  
 

 

Table 2. The computed total magnetic moment (µtot) of the ferromagnet AgMn2Se4 compound and the 

total magnetic moments (µatom) of Ag, Mn, and Se atoms in this composition. 

Compound     (  )      (  ) 

AgMn2Se4 13.270 

     -0.044 

     14.049 

     -0.735 
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3.3. The Mechanical Properties of AgMn2Se4 Selenide 

The atomic bonding type of a solid crystal have a key role in its elasticity and it is so 

important for technological and industrial applications. Also, a solid that is 

mechanically stable is more preferred in such applications. Therefore, elastic constants 

that can be calculated using the stress-strain approach [21] under the ab initio method 

can be used to estimate the type of bonding, ductility, and also mechanical stability of a 

crystal. The mechanical characteristic of a cubic crystal can be understood from three 

independent elastic constants (C11, C12 and C44) [22]. The calculated constants for 

AgMn2Se4 selenide are tabulated in Table 3. 
 

 
Table 3. The computed elastic constants (Cij in GPa) and Cauchy pressure (Cp = C12 -C44 in GPa) of 

AgMn2Se4 compound. 
 

Compound C11 (GPa) C12 (GPa) C44 (GPa) Cp (GPa) 

AgMn2Se4 73.11 53.29 22.76 30.53 

 

To designate mechanical stability for a material, the Born-Huang criteria [22] are 

usually used. In Equation 2, the mechanical stability criteria of a material which is 

crystallized in cubic structure, are given. 

 

         ,             ,           and          (2) 

  

It can be easily deduced that this system has mechanical stability due to satisfy the 

given criteria in above. The Cauchy pressure [23] as can be calculated Cp = C12 -C44, 

can give an idea about brittleness of a crystal. When this pressure is greater than zero, 

the material can be predicted to be ductile. According to this definition, it can be said 

that the AgMn2Se4 system is a ductile material. Because of this feature, this material is 

of industrial importance because ductile materials can absorb more energy and 

elastically deform without fracturing easily.  

 

Many mechanical properties of a material, such as ductility, brittleness or mechanical 

resistance, are technologically so important. In this respect, the mechanical properties of 

the system discussed in this study, were investigated. To be able to predict some 

mechanical parameters such as bulk (B), Young’s (E) and shear (G) modulus, also 

Pugh’s (B/G) and Poisson’s ( ) ratios and anisotropy shear factor (A), it can be 

employed the elastic constants previously calculated. For AgMn2Se4 compound, the 

predicted some mechanical properties are given in Table 4. The upper and lower limits 

and the average value of the bulk (B) and shear (G) modulus, which are among these 

properties, were estimated with the help of Voigt [24], Reuss [25] and Hill [26] 

approaches. The formulas employed according to these approaches are given in 

Equations 3-6, respectively.  

 

      
        

 
 (3) 

   
            

 
 (4) 
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 (       )   
              

 (5) 

   
     

 
          

     

 
  (6) 

 

In addition to the mentioned modulus, the Young’s modulus [27] which is another vital 

parameter characterizing the stiffness of materials, can be calculated using Equation 7. 

 

  
   

    
 (7) 

 

The calculated modulus listed in Table 4 emphasize that this compound can be 

predicted as a soft material. Also, brittleness of a solid can be estimated by using Pugh’s 

ratio [28] known as B/G ratio. When this ratio is higher than 1.75 known as critical 

value, the compound is regarded as ductile. Accordingly, it can be predicted that the 

AgMn2Se4 compound is ductile as the calculated ratio is greater than this critical value. 

Also, the information about the compressibility of a material can be provided from 

Poisson’s ratio ( ) [27] which can be calculated using Equation 8. Since the ratio 

calculated according to the given formula is less than 0.5, it is an indication that our 

compound has an almost compressible character. Moreover, the same ratio can give 

bonding type information of a crystal. This ratio is around 0.25 for crystals with ionic 

character, while this value is 0.1 for solids with covalent atomic bonding type [29-30]. 

In this respect, the system in this study can be regarded as ionic nature.  

 

  
     

     
 (8) 

 
Table 4. The predicted bulk (B), Young’s (E) and shear (G) modulus, Pugh’s (B/G) and Poisson’s ( ) 

ratios and anisotropy shear factor (A) of AgMn2Se4 compound. 

Compound B(GPa) Gv(GPa) GR(GPa) GH(GPa) E(GPa) B/G   A 

AgMn2Se4 59.90 17.62 14.99 16.30 44.84 3.673 0.375 2.297 

 

For a solid, another crucial parameter is the anisotropy shear factor [31] which can be 

calculated from the elastic constants as given in Equation 9. As seen in Table 4, the 

calculated anisotropy shear factor shows that this material has anisotropic nature in 

mechanically.  

  
    

       
 (9) 

 

4. Conclusion 

In this computational study, the half-metallic character in the most stable magnetic 

phase of chalcospinel manganese-based AgMn2Se4 selenide conforming to    ̅  space 

group and 227 space number, was analyzed in detail. For different type magnetic orders, 

the formation energies were calculated and the energy-volume graphics were plotted. 

The obtained energy values emphasize that, the magnetic character of this chalcospinel 

system is ferromagnetic. Also, the chosen material for this study has nearly half-metallic 

character due to having a small band gap (Eg = 0.09 eV) in minority spin channel in the 
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calculated band structure within GGA approach. The observed half-metallic character of 

new chalcospinel manganese-based selenide (AgMn2Se4) is promising to use in some 

possible spintronic applications. Furthermore, as a result of the calculations, it is 

concluded that this compound is a ductile material. In addition to half-metallicity, this 

feature is an indication that this material can be used easily in technological 

applications. 
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