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Introduction 

Chalco-spinels, has face centered cubic structure with 14 

atoms in primitive cell and conform 227 space number with 

𝐹𝑑3̅𝑚 space group and the base are usually chosen from 

transition metals [1-3]. They have attracted a lot of attention 

since they have been practiced in several applications 

thanks to their semiconductor or half-metallic behavior and 

due to their high absorbency [4, 5]. So far, they have been 

used in many varieties of applications such as; magneto- 

and electro-optics, biomedical, spin-based electronic 

devices, data storage applications and magnetic 

refrigeration applications [6-10]. Although, there are many 

theoretical and experimental studies about this type of 

chalco-spinels, many of them still waiting for to be 

discovered [11-18]. Among them, chromium chalco-spinels 

are one of the most studied compounds. It has intriguing 

electronic and magnetic features such as magnetic 

resistivity [19], semiconducting nature [20, 21] and 

magnetocapacitance [22, 23]. 

Another widely studied compounds in this family due to its 

electronic and optical properties are AB2S4 types ternary 

sulfo-spinels. Especially, refrigerant ability and magnetic 

capacitance of CdCr2S4 is one of the main focuses of 

experimental studies [24-26]. Even though similar materials 

have studied extensively, the electronic, magnetic and 

optical feature of AgV2S4 is not broadly researched, as far 

as we know from the literature. For the mentioned reason, 

this study is very important and could shed light on future 

theoretical and experimental studies. 

This study presents the ferromagnetic nature, half-

metallicity and optical aspects of silver-based vanadium 

sulfo-spinel (AgV2S4) system discovered by DFT 

calculations by using the VASP package. In the presented 

computational study, the magnetic nature of this spinel 

system has been understood to be ferromagnetic and then 

spin-dependent electronic band structure has been 

investigated to collect information about its electronic 

behavior in ferromagnetic order. Also, some optical 

properties of this silver-based sulfo-spinel system has been 

investigated and complex dielectric function, refractive 

index, extinction coefficient, absorption coefficient, and 

loss function have been computed. The material could be a 

good candidate for photovoltaic applications due to its high 

absorbency and the spin-down band gap in its electronic 

band structure. 
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ABSTRACT 

 
 

This study reports the intriguing properties of a novel ternary silver-based sulfo-spinel vanadium system 

(AgV2S4) having a face centered cubic structure (FCC). The magnetic nature, electronic behavior and 
optical properties of this system are revealed. The calculations were performed with spin-effect and by 

using generalized gradient approximation (GGA) under Density Functional Theory (DFT). After obtaining 

the optimized Wyckoff positions for the atoms in the crystal structure of this composition, it was decided 
that this spinel material has ferromagnetic nature in view of the energy-volume curves obtained for three 

different magnetic phases and of the calculated cohesive energies. Furthermore, the spin-polarized 

electronic band structure with the orbital projected density of electronic states was calculated within the 
first principles to investigate its behavior and bonding characteristic in detail. The observed small band 

gap in the minority spin channel is Eg = 0.41 eV, so its electronic band structure implies that this system 

has half-metallic character. Finally, to evaluate some optical features, frequency-dependent complex 
dielectric functions were calculated. Then, some optical properties were investigated by using the real and 

imaginary parts of the dielectric function. 
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Computational details 

In order to understand electronic, magnetic and optical 

properties of this sulfo-spinel system, VASP (Vienna Ab-

initio Simulation Package) [27-28] has been employed 

under the DFT (Density Functional Theory). Throughout 

the process, Kohn-Sham equations [29] were solved 

iteratively until all the forces and pressures on each atom 

become zero and PBE (Perdew-Burke-Ernzerhof) type 

correlation functionals were considered within the GGA 

(Generalized Gradient Approximations) [30]. Also, the 

PAW (projector-augmented) method [31] has been used to 

describe interactions between the ion cores and electrons. 

Valance electron configurations are 5s14d10, 3p63d44s1 and 

3s23p4 for Ag, V and S atoms respectively.  

In addition, 10×10×10 MP (Monkhorst and Pack) scheme 

k-point mesh has been used and it has created 110 k-points 

in the Brillouin zone [32]. The cut off energy has been 

selected as 700 eV. Methfessel–Paxton type smearing 

method has been considered and 0.01 eV smearing 

parameter has been chosen. Relaxation processes continued 

until the minimum force on each atom reach 10−8 eV/Ǻ and 

10−9 eV iteration steps has been employed. Furthermore, 

optical properties of the sulfo-spinel vanadium system 

(AgV2S4) have been investigated with the calculated 

complex dielectric function. 

 

Results and discussion 

In this theoretical work, firstly, the primitive cell of the 

silver-based vanadium sulfo-spinel AgV2S4 was properly 

optimized by placing the ions in the most appropriate 

Wyckoff positions of the cell. Thus, optimized structural 

parameters were achieved with high accuracy. The 

primitive lattice of this system consists of 14 atoms and it 

has face centered cubic structure with 227 space number 

and conforms 𝐹𝑑3̅𝑚 space group. For the optimized 

crystal, the Wyckoff positions of two silver (Ag) atoms, four 

vanadium (V) atoms and eight sulphur (S) atoms were 16d 

(0.5, 0.5, 0.5), 8a (0.125, 0.125, 0.125) and 32e (0.362, 

0.362, 0.362) respectively. Also, three-dimensional 

crystallographic shape of the mentioned material is 

presented in Figure 1.  

 

Figure 1. Three-dimensional crystal structure of AgV2S4 

compound. The yellow, green, and red spheres represent 

silver (Ag), vanadium (V), and sulphur (S) atoms 

respectively. 

 

 

The structural properties 

To determine the ground state magnetic structure, 

antiferromagnetic (AFM), ferromagnetic (FM) and 

paramagnetic (PM) types of magnetic phases have been 

considered.  For the antiferromagnetic phase, the magnetic 

moments of the vanadium (V) atoms were aligned 

antiparallel and they yield zero-net magnetization and for 

the ferromagnetic phase magnetic moments of the atoms are 

oriented in the same direction. Finally for the paramagnetic 

phase all the magnetic moments are zero. After that, 

cohesive energies have been calculated for each magnetic 

arrangement. The cohesive energy is defined as the energy 

required to disengage the crystal into free atoms and it could 

be determined by using the total energy difference between 

the bulk crystal and isolated free atoms [33] as the equation 

given below:  

𝐸𝐶𝑜ℎ = 𝐸𝐴𝑔𝑉2𝑆4
− (2𝐸𝐴𝑔

𝑖𝑠𝑜 + 4𝐸𝑉
𝑖𝑠𝑜 + 8𝐸𝑆

𝑖𝑠𝑜) (1) 

where, 𝐸𝐴𝑔
𝑖𝑠𝑜, 𝐸𝑉

𝑖𝑠𝑜 and 𝐸𝑆
𝑖𝑠𝑜 are the isolated ground state 

energies for silver (Ag), vanadium (V) and sulphur (S) 

atoms, respectively, while 𝐸𝐴𝑔𝑉2𝑆4
  is the total ground state 

energy of the primitive cell. According to this definition, the 

structures with larger negative cohesive energy are more 

favorable energetically, while the system with positive 

energy cannot be spontaneously emerged in nature. The 

calculated cohesive energy values, the lattice parameters 

and atomic bond lengths are tabulated in Table 1 for this 

system under consideration. For each magnetic phase 

considered, the calculated cohesive energies imply that the 

FM phase is more stable energetically since the value of the 

cohesive energy of this phase is less than PM and AFM 

phase. In this respect, the negative value of the calculated 

cohesive energy indicates that this vanadium sulfo-spinel is 

thermodynamically stable [34] so it could be synthesized 

and can be used in some technological applications. The 

plotted energy-volume graph, which is obtained by using 

the Vinet equation of states [35], is shown in Figure 2. The 

energy-volume plot shows that the ground state phases of 

this system are ferromagnetic with approximately 0.09 eV 

lower energy than AFM phase for AgV2S4. For the 

compound, PM phase has higher energies than both FM and 

AFM phases indicating an unfavorable crystal structure 

energetically. This result is compatible with the cohesive 

energy results which are shown at Table 1.  
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Table 1. The optimized primitive cell lattice parameter (a) 

and atomic bond lengths (d) for the stable ferromagnetic 

phase and the calculated cohesive energies (𝐸𝑐𝑜ℎ) of silver-

based vanadium sulfo-spinel (AgV2S4) for ferromagnetic, 

antiferromagnetic and paramagnetic phases. 

Material a (Å) dAg-S (Å) dV-S (Å) 
𝐸𝐶𝑜ℎ 

(eV) 

AgV2S4 
7.206 

(FM) 

2.444 

(FM) 

2.419 

(FM) 

-20.119 

(FM) 

-20.030 

(AFM) 

-19.637 

(PM) 

 

 

Figure 2. Total energies versus volumes of the primitive 

cell in ferromagnetic, antiferromagnetic and paramagnetic 

orders of AgV2S4. 

 

As seen in Table 2, considering the computed partial 

magnetic moments, the predominance of vanadium (V) 

atoms is clearly noticeable, since the compound has 

ferromagnetic nature. Also, the fact that the total magnetic 

moment of this material is relatively large which highlights 

its ferromagnetic character.  

 

 

 

 

 

Table 2. The calculated total magnetic moment (μtot) of the 

ferromagnetic silver-based sulfo-spinel compound 

(AgV2S4) and the partial magnetic moments (μatom) of Ag, 

V and S atoms in this system. 

Material μtot(μB) μatom(μB) 

AgV2S4 5.735 

μAg = -0.065 

μV = 1.687 

μS = -0.111 

 

The Curie temperature (Tc) is another important parameter 

to understand behavior of magnetic moments. At this 

critical temperature, the arrangement of magnetic moments 

changes drastically, in other words, the magnetic nature of 

the compound undergoes a phase transition. Curie 

temperature is especially crucial for ferromagnetic systems 

and it could be determined from the ground state energies 

of FM and AFM phases by using mean field approximation 

[36-39] (MFA) as follows: 

3

2
𝑘𝐵𝑇𝑐

𝑀𝐹𝐴 = 𝐸𝐴𝐹𝑀 − 𝐸𝐹𝑀 (2) 

where kB is the Boltzman constant. The computed ground 

state energies for the antiferromagnetic and ferromagnetic 

phases of this sulfo-spinel and the predicted Curie 

temperature according to the mean field approximation are 

given in Table 3. 

 

Table 3. The computed ground state energies for the 

paramagnetic and ferromagnetic phases for AgV2S4 and 

estimated Curie temperature (Tc in K). 

Material 𝐸𝐴𝐹𝑀(𝑒𝑉) 𝐸𝐹𝑀(𝑒𝑉) 𝑇𝑐
𝑀𝐹𝐴  (𝐾) 

AgV2S4 -20.784 -20.829 348 

 

The electronic properties 

In order to find out electronic behavior, after ferromagnetic 

character has been understood, electronic band structure 

with total (TDOS) and partial density of states (PDOS) were 

examined under spin effect. The density of states is 

determined within generalized gradient approximation 

(GGA) and it is constructed for spin-up and spin-down 

channels along high-symmetry directions in the Brillouin 

zone in Figure 3. As clearly seen from the plotted figure, 

this sulfo-spinel system could be classified as half-metallic 

material due to having a small band gap (Eg = 0.41 eV) in 

its spin-down channel, while its spin-up channel behaves 
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like metallic. The observed band gap is a direct one at Γ-

point. Moreover, the fact that the band structure drawn for 

spin up and down channels differ from each other 

demonstrates that the compound is not paramagnetic. Also, 

this result is consistent with the previous result. 

In order to understand the atomic projection of this half-

metallic material [40], the total (TDOS) and the orbital 

projected partial density of electronic states of atoms 

(PDOS) are plotted as seen in Figure 4. In the figure, it could 

be seen that, the hybridizations between the d states of silver 

(Ag) and vanadium (V) atoms and the 3p states of the 

sulphur (S) around the Fermi energy level (EF). For AgV2S4 

system, below and near the Fermi level (EF), the 3d states 

of vanadium (V) atoms (almost between 0 and -0.5 eV 

energy range) are dominant and in the valance band the 3p 

states of the sulphur (S) atoms are more effective between 0 

and -4 eV. The above the Fermi level is known as 

conducting band where the d orbitals of the vanadium (V) 

atoms are dominant. The same dominancy of this state of 

vanadium (V) atoms stands out around 1.7 eV. Also, there 

are hybridizations between d orbitals of vanadium (V) 

atoms and p orbitals of sulphur (S) atoms between 0 and 0.7 

eV and between 2.7 eV and 3.7 eV.  

It could be seen that around the Fermi level, the main 

contribution comes from the d orbitals of the vanadium (V) 

atoms and the p orbital of the sulphur (S) atom. So that the 

half-metallic character of this spinel system can mainly be 

attributed to d-orbitals of vanadium (V) atoms and p-orbitals 

of sulphur (S) atoms. As a result, it could be concluded that 

the s orbitals of atoms in this material and p orbitals of silver 

(Ag) and vanadium (V) atoms don’t have much effect on the 

formation and chemical bonding. 

 

The complex dielectric function and optical 

characteristics 

The complex dielectric function, which is among the optical 

properties of any solid crystal, calculated as a function of 

frequency with its real (𝜀𝑟𝑒𝑎𝑙) and imaginary (𝜀𝑖𝑚𝑔) parts. 

It can provide important information about electronic 

polarizability and electric charge storage capability. Also, 

this complex function given by Eq. 3 can determine the 

optical response of a solid material at all photon energies.  

𝜀(𝜔) = 𝜀𝑟𝑒𝑎𝑙(𝜔) + 𝑖𝜀𝑖𝑚𝑔(𝜔) (3) 

The imaginary part of the related function describes the 

ability to absorb light and can be calculated by using the 

dipole matrix and Fermi distribution for the occupied states 

in the valence band and the unoccupied states in the 

conduction band [41, 42] whereas the real part computed 

from the Kramers-Kronig transformation, is related the 

electronic polarizability. The equations required to 

calculate the imaginary part of this function are given in 

Ref. [43, 44]. In this part of this study, as given in Figures 

5a and 5b, the electronic and ionic contributions to the 

frequency-dependent dielectric function of the material 

have been computed separately (𝜀(𝜔) = 𝜀𝑒𝑙𝑒𝑐(𝜔) +
𝜀𝑖𝑜𝑛(𝜔)). The electronic contribution [45] to the real and 

imaginary parts of the dielectric constant can be calculated 

with the help of the equation above while the ionic 

contribution [46] to the dielectric constant can be calculated 

by density functional perturbation theory (DFPT). As 

shown in Figure 5a, the real and imaginary parts of the 

electronic contributions (𝜀𝑒
𝑟𝑒𝑎𝑙  and 𝜀𝑒

𝑖𝑚𝑔
) to the dielectric 

function were plotted in the 0-8 eV photon energy range 

while the ionic contributions (𝜀𝑖
𝑟𝑒𝑎𝑙  and 𝜀𝑖

𝑖𝑚𝑔
) to the 

dielectric function were plotted in the 0-68 eV range. 

In the plots, it was observed that the real parts of electronic 

contribution have negativity indicating metallic behavior in 

the 0.63 - 1.25 eV and 3.77 - 8 eV energy ranges for 

AgV2S4. The material shows metallic character when the 

external electric field at frequencies higher than plasma 

frequency is applied.  

Furthermore, some important optical parameters such as 

refractive index (𝑛(𝜔)), extinction coefficient (𝜅(𝜔)), 

absorption coefficient (𝐼(𝜔)) and loss function (𝐿(𝜔)) 

were computed from given equations in below [47] and 

plotted in Fig.6; 

𝑛(𝜔) = √√𝜀𝑟
2(𝜔) + 𝜀𝑖

2(𝜔) + 𝜀𝑟(𝜔)

2
 (4) 

𝜅(𝜔) = √√𝜀𝑟
2(𝜔) + 𝜀𝑖

2(𝜔) − 𝜀𝑟(𝜔)

2
 (5) 

𝐼(𝜔) = 𝜔√2√𝜀𝑟
2(𝜔) + 𝜀𝑖

2(𝜔) − 2𝜀𝑟(𝜔) (6) 

𝐿(𝜔) =
𝜀𝑖(𝜔)

𝜀𝑟
2(𝜔) + 𝜀𝑖

2(𝜔)
 (7) 

As seen in Figure 6, the static refractive index values (n(0)) 

have been calculated for the case where the frequency is 

equal to zero within the GGA approximation. For the low 

energy region refractive index (n(ω)) starts from 3.2 and 

shows a sudden trend of increase. 

The observed maximum peaks are 6.2 around 0.31 eV 

energy (mid-infrared region) for AgV2S4. In addition, it was 

observed that the frequency-dependent refractive index 

values obtained for the high energy region tended to 

decrease. The value of the extinction coefficient, which is 

another important optical parameter, calculated depending 

on the frequency, shows a sharp peak of 5.4 at 0.34 eV. 

The absorption capability of the incident photon which has 

a specific frequency can be determined from the computed 

absorption coefficient I(ω). Moreover, this interesting 

parameter points out whether any material which has a 

suitable band gap and high absorption coefficient I(ω) can 

be used in photovoltaic applications [48]. This compound 

could be a good candidate for photovoltaic applications due 

to its high absorbency and the minority band gap in its 

electronic band structure. Finally, among optical properties, 
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the loss function gives significant information about the 

energy loss of fast electrons traversing the compound. The 

observed maximums in the mentioned spectrums can be 

related with as plasmon oscillations [49].  

 

 

Figure 3. The calculated spin-polarized energy band structure with the total density of electronic states within generalized 

gradient approximation of sulfo-spinel AgV2S4. 

 

 

Figure 4. The total (TDOS) and orbital projected partial density of electronic states of atoms (PDOS) within GGA of 

sulfo-spinel AgV2S4. 
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Figure 5. (a) The electronic contribution and (b) ionic contribution to the complex dielectric function of AgV2S4. 

 

 

Figure 6. Spectra of (a) refractive index (𝑛(𝜔)), (b) extinction coefficient (𝜅(𝜔)), (c) absorption coefficient (𝐼(𝜔)) and 

(d) loss function (𝐿(𝜔)) of AgV2S4 sulfo-spinel. 

Conclusion 

In this theoretical research, in order to reveal the electronic 

behavior, magnetic nature and optical properties, 

comprehensive DFT calculations have been performed for 

ternary silver-based vanadium (AgV2S4) sulfo-spinel. It has 

been optimized in face centered cubic structure which 

conforms 227 space number with 𝐹𝑑3̅𝑚 space group. The 

most stable phase for this material is ferromagnetic phase 

since it has ground state energy. This result is also 

confirmed by the calculated cohesive energies. Considering 

the calculated electronic band structure, the electronic 

character of this sulfo-spinel system is half-metallic due to 

a narrow band gap of Eg = 0.41 eV in its spin-down channel, 

while spin-up channel exhibit metallic behavior. With this 

half-metallic property, the material can be a good candidate 

for spintronic applications. Furthermore, the investigated 

optical properties show that the mentioned sulfo-spinel can 

promise to be used in photovoltaic applications due to their 

high absorbency and the spin-down band gap in its 

electronic band structure.  
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