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The structural, electronic, mechanical, thermodynamic, and optical properties of CuV2S4 have been studied under

pressure (0−50GPa) by employing first-principles computation depending on the density functional theory. The

optimized structural constraints are in good accord with the experimental results. By employing different pressure,

the variation of single crystal elastic constant C i j as well as polycrystalline mechanical parameters are evaluated and

discussed in detail. The increment of elastic constant with the increase in pressure guaranteed that CuV2S4 turn

ought to be more resilient to shear distortion with pressure. The linear response of elastic moduli under pressure

confirms that hardness of CuV2S4 rises with increasing pressure. The Pugh’s ratio ensured the ductile nature of

CuV2S4. Band structure and DOS calculations have been confirmed the electrically conductive nature of CuV2S4.

The population analysis validates the presence of dominant covalent bonding. Optical properties, i.e., absorption,

conductivity, reflectivity, and loss function are also explored with the variation of pressure. These optical functions

demonstrate that the compound exhibits high reflectivity in the low-energy range, which assures the application

of this compound as coating material. The thermodynamic properties are also investigated under pressure and

discussed.

Keywords: first-principles study, spinel-type compound CuV2S4, mechanical properties, electronic properties,

optical and thermal properties.
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1. Introduction

Various research teams are interested in chalcogenide

spinel compounds because of their excellent physical

characteristics, such as magnetic ordering and the metal–
insulator transition [1–4]. In the technical implementation,

spinel compounds are used. For high-energy laser systems,

the spinel-based transparent ceramics were sketched re-

cently [5]. Highly efficient luminescent materials have been

documented on the basis of the spinel compounds [6–8].
Spinels are also used in diagnostics as fluorescence ma-

kers [9]. We focus on one representative of the thiospinel

subgroup (here thio belongs to sulfur) with the chemical

formula CuV2S4. This is a chalcogenide spinel belonging to

the family of AB2X4 (A and B denote the transition metals),
and X denotes a chalcogen. A ion hold the tetrahedral

sites and B ion hold the octahedral sites in these types of

chalcogenide spinels which have a normal cubic structure.

Further, formation of a network of corner sharing tetrahedral

by B -sub-lattice is defined as a geometrically frustrated

pyrochlore lattice. Geometrical dissatisfaction is a common

characteristic due to spin-ice state, spin-liquid state, charge

and orbital ordering, the development of spin clusters, and

heavy fermion-like manners [10–13]. At room temperature,

CuV2S4 is one of such identical substances exhibiting phase

transition at 90 and 50K [14,15]. The exceptional proper-

ties of the metallic thiospinel CuV2S4 has been revealed

between 50 and 90K in the X-ray diffraction (XRD)
pattern [14], resistivity [14], magnetic susceptibility [16], and
specific heat [17]. In CuV2S4, the superconductivity may be

caused by the compression of charge density waves. The

highest superconductivity was initiated in LiTi2O4 which

is a spinel iso-structural compound. S. Ramakrishnan et

al. explored the lock-in transitions and charge density

wave of CuV2S4 [18]. J.V. Waszczak et al. discussed the

magnetic properties of copper chalcogenide spinels. They

stated CuV2S4 as unique spinel chalcogenide with excellent

magnetic properties. Lu et al. conducted the XPS and XES

measurements of CuV2S4 and validated their results with

the density functional theory (DFT) investigations [19].The
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Table 1. Calculated equilibrium lattice parameter a0, unit cell volume V0, bulk modulus B0 of CuV2S4 at zero pressure

Properties Expt.
Other Present Deviation

calculation[experiment] calculation from other result

a0, Å 9.779 [19] 9.8203 [16] 9.755 0.45%

V0, Å3
− − 928.286 −

B0, GPa − − 112.07 −
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Figure 1. Crystal structures of CuV2S4 : a) conventional unit cell, b) optimized cell.

CuV2S4 compound crystallizes in the face-centered-cubic

Al2MgO4-type structure with space group of Fd-3m at room

temperature. Due to phase transitions below 100K, the

symmetry of CuV2S4 is lower [20].
Pressure’s effect on the physical properties of the CuV2S4

spinel compound has not been performed yet, as far

as we know. Even the optical and elastic properties

under zero pressure have not been explored. Hence, the

structural, elastic, electronic, thermodynamic, and optical

characteristics of CuV2S4 in the pressure range from 0 to

50GPa as well as electronic properties under zero pressure

are studied and discussed thoroughly by DFT means.

2. Computational methods

The current investigations have been accomplished by

applying the CASTEP code dependent on the density

functional theory [21–24]. Taking advantage of the GGA

within the method presented by PBE, the electronic

exchange–correlation interactions have been treated [24].
The Vanderbilt-type ultra-soft pseudo-potentials for Cu, V,

and S atoms have been used [25]. The pseudo-atomic

calculations are executed for Cu-3d104s1, V-3s23p63d34s2,
and S-3s23p4. The plane wave cutoff energy is used

for all physical properties calculations and that has set to

400 eV. For generating 12× 12 × 12 k-point girds for the

sampling of the Brillouin zone, Monkhorst–Pack method

has been employed [26]. The geometrical optimiza-

tions have been achieved by using BFGS minimization

method [27]. The total energy convergence parameters

are set as 2.0 · 10−5 eV/atom, 0.05 V/Å for the maximum

Hellmann–Feynman force, 0.002 Å for the maximum ionic

displacement, 0.01GPa for the maximum stress, and the

maximum iteration is within 100. Under the conditions of

each pressure (0 to 50GPa) at the optimized structure, the

elastic stiffness constants of the cubic crystal CuV2S4 have

been found using the stress–strain approach [28]. In case

of the investigation of polycrystalline elastic constants, Voigt

and Reuss approximation have been adopted.

3. Results and discussion

3.1. Structural properties

The thiospinel CuV2S4 possesses Al2MgO4 type cubic

crystal structure of space group Fd-3m (227). The space

group of Fd-3m reflects the symmetry of CuV2S4 above

100K [20]. Fourteen atoms are contained by the unit cell

with two formula units. The optimized equilibrium crystal

structure is attained by limiting the total energy with refer-

ence to lattice constant and internal atomic positions. The

Wyckoff positions occupying by the spinel-type compound,

CuV2S4 are 8a (0, 0, 0) for Cu, 16d (0.625, 0.625, 0.625)
for V, and 32e (0.3807, 0.3807, 0.3807) [19]. In Fig. 1, the

conventional and optimized structures of the spinel have

shown. Table 1 demonstrates the estimated structural pa-

rameters along with the available experimental and previous

theoretical values.
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Table 2. Calculated lattice parameter a and unit cell volume V
of CuV2S4 compound under pressure

Pressure P, GPa Lattice parameter a , Å Cell volume V , Å3

0 9.755 928.29

10 9.502 857.86

20 9.316 808.61

30 9.169 771.07

40 9.047 740.46

50 8.941 714.83

The estimated lattice parameters are found to be very

proximate to both experimental and previous theoretical

values. The investigated lattice parameter reveals 0.45%

divergence in contrast with the experimental value and

somewhat different from previous theoretical values owing

to the temperature reliance of cell parameters and GGA

process [29], which ensure the reliability of our DFT-

based calculations. We do not do temperature-based DFT

calculations.

For examining the impact of external pressure on the

crystal structure of CuV2S4, the changes of the lattice

parameters and unit cell volume have been studied. The
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Figure 2. a) Normalized lattice parameters and b) the unit cell

volume vs pressure for compound CuV2S4.

investigated structural parameters at different hydrostatic

pressures are recorded in Table 2.

The normalized lattice parameter and volume of CuV2S4
as a function of pressure are illustrated in Fig. 2, a and b. It

is observed that with the increase of pressure, the normal-

ized lattice parameter a/a0 and normalized volume V/V0

are decreased (where a0 and V0 stand for the equilibrium

lattice parameter and volume under zero pressure). This

happens because as pressure is increased; the repulsive

interaction of Cu, V, and S atoms is strengthened, resulting

in the bond length of these atoms reduction. As a result,

as pressure increases, the lattice parameter decreases. As

presented in Fig. 2, b, the unit cell volume decreases with

increasing pressure for the decrement of lattice parameters.

3.2. Elastic properties

The elastic constants that interact with the mechanical

and dynamical characteristics of a solid are the fundamental

factors of any solid material. These constants are used

to describe mechanical stability of solid and to link the

relationship between phonon spectrum and Debye temper-

ature of crystals. Any compound’s elastic properties are

roughly connected to its long-wavelength phonon spectrum,

hence superconducting material’s elastic properties must

be explored [30]. A comprehensive analysis of elastic

characteristics for materials is also crucial for understanding

the chemical bonding character between adjacent atoms and

the material’s cohesion [31].

As a result, understanding the mechanical characteristics

of CuV2S4 and its behavior under pressure a comprehensive

investigation of the elastic constants is needed. Hook’s

law [32] is used to determine the elastic constants by

applying the stress–strain function. CuV2S4 exhibits three

separate elastic constants (C11, C12, and C44) like a cubic

crystal [33]. For the first time the investigated elastic

constants for CuV2S4 under pressure are listed in Table 3.

All three constants must reach the following Born stability

requirements [34] in order for a cubic structure to be stable.

These criteria are

C11 > 0, C44 > 0, C11 −C12 > 0, and C11 + 2C12 > 0.

(1)

The examined elastic constants are positive from 0

to 50GPa and fulfill the aforesaid stability requirements,

implying that the CuV2S4 is mechanically stable up to

50GPa, as seen in Table 3. There are currently no more

theoretical data for the elastic constants of CuV2S4. As

a result, we are unable to contrast our findings to other

theoretical data.

Fig. 3 represents the pressure effect of elastic constants of

CuV2S4. From this figure, we have noticed that the elastic

constants C11 and C12 increases linearly with increasing

pressure. Whereas the variation of C44 indicates that the

cubic structure is in unstable phase and the phase transition

may take place at high pressure.
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Table 3. Calculated elastic constants C i j of CuV2S4 compound under pressure

Compounds Pressure P,GPa C11 , GPa C12 , GPa C44, GPa Ref.

CuV2S4 167.68 84.27 43.27 This study

CuRh2S4 0 129.25 94.67 30.23
[35]

CuRh2Se4 120.78 81.51 19.47

10 207.84 127.46 44.06

20 243.91 171.10 43.10

CuV2S4 30 266.66 208.25 40.17 This study

40 300.36 247.31 40.81

50 325.01 283.50 40.18

Mechanical parameters such as bulk modulus B , Young’s

modulus E , shear modulus G, anisotropy factor A, and

Poisson’s ratio v are crucial for understanding material’s

mechanical behavior. As a result, it is necessary to

understand how these factors change under pressure. We

have applied Voigt–Reuss–Hill (VRH) equating approach to

computing these parameters [36]. Using the formulae given

below, for any cubic crystal, the Voigt and Reuss bounds of

B and G have been derived [37].

BV = BR =
C11 + 2C12

3
, (2)

GV =
(C11 −C12 + 3C44)

5
, (3)

GR =
5C44(C11 −C12)

[4C44 + 3(C11 −C12)]
. (4)

As per Hill, the average value of B and G can be stated

as

B =
1

2
(BR + BV ), (5)

G =
1

2
(GV + GR). (6)

Hill’s bulk and shear moduli (BH and G + H) can be

utilized to compute Young’s modulus E and Poisson’s ratio

v [38].

E =
9GB

3B + G
, (7)

v =
3B − 2G
2(3B + G)

. (8)

It is also important to calculate the Zener anisotropy in

solid [39] and found by the equation below,

A =
2C44

(C11 −C12)
. (9)

The evaluated data of bulk modulus B , shear modulus

G, B/G values, Young’s modulus E , Poisson’s ratio v , and

anisotropy factor A are shown in Table 4.
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Figure 3. Pressure dependence of elastic constants C i j (C11 , C12 ,

and C44) for CuV2S4.

Bulk modulus B is used to assess resistance to volume

changes, while shear modulus G is used to assess resistance

to shape changes. Young’s modulus E , on the other hand,

is used to determine material stiffness. The large value

of Young’s modulus ensures the hardness of the material.

According to Fig. 4, a, we have observed that the value

of bulk modulus increases with increasing pressure, which

suggests that the capability to prevent the deformation of

CuV2S4 is increased with increasing pressure. Elsewhere,

the decrease of G and E with increasing pressure reflects

the capability to prevent the shear deformation. From

Fig. 4, a, we have observed that the value of G and E are

decreased with increasing pressure. The decrease of these

parameters denotes the happening structural or electronic

phase transition with pressure. For each material, the critical

value of Pugh’s ratio is 1.75, which distinguishes between

crystals that are ductile (> 1.75) and brittle (< 1.75) [40].
Since the values of Pugh’s ratio of CuV2S4 at different

pressures are greater than 1.75 and increase with pressure

as shown in Table 4, we can say that the ductile nature of

CuV2S4 increases with increasing pressure. The graphical

Physics of the Solid State, 2022, Vol. 64, No. 8
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Table 4. Calculated bulk modulus B , shear modulus G, B/G values, Young’s modulus E, Poisson’s ratio v , and anisotropy factor A for

CuV2S4 compound under pressure

Compounds Pressure P,GPa B G E B/G v A Ref.

CuV2S4 112.07 42.64 113.52 2.63 0.340 0.0016 This study

CuRh2S4 0 106.20 25.05 69.67 4.23 0.39 1.74
[35]

CuRh2Se4 94.60 19.53 54.81 4.84 0.40 0.99

10 154.26 42.47 116.70 3.63 0.374 0.0102

20 195.37 40.29 113.09 4.84 0.404 0.0343

CuV2S4 30 227.72 35.35 100.83 6.44 0.426 0.1228 This study

40 264.99 34.34 98.75 7.72 0.438 0.2263

50 297.34 30.83 89.40 9.64 0.450 0.5429
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Figure 4. a) Variation of the bulk modulus B , shear modulus G, Young’s modulus E; b) Pugh ratio B/G; c) variation of Poisson’s ratio

v ; and d) anisotropy factor A of CuV2S4 under pressure.

representations of variations of Pugh’s ratio are shown in

Fig. 4, b. As per the Frantsevich rule [41], if the Poisson’s

ratio is less than 0.33, a material should act as brittle or

ductile.

Our investigation revealed that CuV2S4 has a ductile

character since the computed value of Poisson’s ratio v is

more than 0.33, and the value of Poisson’s ratio increases

with rising pressure (Fig. 4, c). So, we can say that the

ductile nature also increases with pressure. The anisotropy

factor’s unit value (A = 1) represented a fully isotropic

material, while a value more or less than unity (A < 1

or A > 1) denoted the extent of elastic anisotropy. The

substance CuV2S4 demonstrated an anisotropic response

under pressure, as seen in Table 4.
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Figure 5. 2D and 3D plots of a) Young’s modulus E, b) compressibility K, c) shear modulus G, and d) Poisson’s ratio v of CuV2S4 at

0GPa.

3.3. Anisotropic characteristics

By plotting the values in 2D and 3D presentations, the

direction dependencies of Young’s modulus, compressibility,

shear modulus, and Poisson’s ratio are studied using the

ELATE code [43]. From the behavior of the profiles of the

3D and 2D planar projection plots of the elastic moduli

and elastic constants, the anisotropy can be understood.

Completely circular (2D) as well as spherical (3D) profiles

are waited for isotropic solids otherwise, it can be treated

as the degree of anisotropy. At 0GPa, the direction

dependence of Young’s modulus E , compressibility K, shear

Physics of the Solid State, 2022, Vol. 64, No. 8



First-Principles Study of the Physical Properties of CuV2S4 under Pressure 935

1.0

–1.0

–1.0 0.5 1.0

�

–   0 + � ��

Linear compressibility
in (xy) plane

–0.5

–1.0

0

1.0

0
0
x

y

z

b

100

50

–50

–100

–50–100 50 100

�

–   0 + � ��

Young's modulus in (xy) plane Young's modulus in (xz) plane Young's modulus in (yz) plane

–40

–80
–40

0

40

80

0

40 40

0
–40

xy

z

a

–0.5

–0.5

Linear compressibility
in (xz) plane

Linear compressibility
in (yz) plane

0.5

0.2

�

–   0 + � ��

Poisson's ratio in (xy) plane

20

–20–40 20 40

�

–   0 + � ��

Shear modulus in (xy) plane

–0.2

–0.2

Poisson's ratio in (xz) plane Poisson's ratio in (yz) plane

Shear modulus in (xz) plane Shear modulus in (yz) plane

–0.2–0.6 0.6

–20

–20

0

20

40

0

20 20

0
–20

x
y

z

c

–40

–0.2

0

0.2

0
xy

z

d
40 40

–40

–0.5

0.5

0

0.5

–0.5

40

–40

0.6

–0.6

100

50

–50

–100

–50–100 50 100

�

–   0 + � ��

100

50

–50

–100

–50–100 50 100

�

–   0 + � ��

0.5

1.0

–1.0

–1.0 0.5 1.0

�

–   0 + � ��

–0.5

–0.5

0.5

1.0

–1.0

–1.0 0.5 1.0

�

–   0 + � ��

–0.5

–0.5

0.5

–20

20

–20–40 20 40

�

–   0 + � ��

40

–40

–20

20

–20–40 20 40

�

–   0 + � ��

40

–40

–20

0.2

�

–   0 + � ��

–0.2

–0.2 –0.2–0.6 0.6

0.6

–0.6

0.2

�

–   0 + � ��

–0.2

–0.2 –0.2–0.6 0.6

0.6

–0.6

–80

–1.0

–0.5

0.5
0.5

1.0
1.0

–0.5
–1.0

0.4

–0.4

Figure 6. 2D and 3D plots of a) Young’s modulus E, b) compressibility K, c) shear modulus G, and d) Poisson’s ratio v of CuV2S4 at

50GPa.

modulus G, and Poisson’s ratio v are depicted in Fig. 5, a−d.

Fig. 6, a−d represent the 2D and 3D configuration of

Young’s modulus E , compressibility K, shear modulus G,

and Poisson’s ratio v of CuV2S4 at 50GPa.

The minimum and maximum values of E , K, G, and v of

CuV2S4 are enlisted in Table 5.

The anisotropy carries momentous interest owing to

its close relation with a number of important physical

processes [42].

We observed from Fig. 5, a that the deviation from

circular shape presentation of E in the xy , xz and yz plane

assures its anisotropic nature. E is minimum (111.32 GPa)
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Table 5. The minimum and the maximum values of the Young’s modulus, compressibility, shear modulus, and Poisson’s ratio of CuV2S4

P, GPa Emin, GPa Emax, GPa AE Kmin, TPa Kmax , TPa AK Gmin, GPa Gmax, GPa AG vmin vmax A

0 111.32 115.01 1.03 2.974 2.974 1 41.71 43.27 1.04 0.318 0.343 1.078

10 110.94 120.71 1.09 2.161 2.161 1 40.19 44.07 1.09 0.340 0.405 1.190

20 102.82 120.45 1.17 1.706 1.706 1 36.40 43.10 1.18 0.339 0.463 1.363

30 84.03 113.81 1.35 1.464 1.464 1 29.21 40.16 1.38 0.301 0.546 1.810

40 77.01 116.46 1.51 1.258 1.258 1 26.52 40.81 1.54 0.265 0.605 2.287

50 60.85 115.35 1.89 1.121 1.121 1 20.76 40.18 1.94 0.173 0.722 4.176

Table 6. Mulliken atomic populations of CuV2S4 under pressure

Pressure
Species s p d Total Charge Bond Population Lengths, Å

P, GPa

S 1.80 4.35 0.00 6.15 −0.15 S−Cu 0.56 2.20424

0 V 2.42 6.54 3.80 12.76 0.24
S−V 0.46 2.38676

Cu 0.55 0.61 9.71 10.87 0.13

S 1.74 4.26 0.00 6.00 0.00 S−Cu 0.76 1.98325

50 V 2.36 6.48 4.12 12.96 0.04
S−V 0.49 2.20831

Cu 0.51 0.91 9.66 11.09 −0.09

and E is maximum at 45◦ (115.01GPa) of all planes; the

anisotropic ratio is, therefore, 1.03. Similarly, from Fig. 5, b

we observed that a circular presentation of compressibility

K assures its isotropic nature in all planes. As seen from

Fig. 5, c, the shear modulus G in the all plane assures its

slightly anisotropic nature because its shape is not perfectly

circular. G is minimum (111.32GPa) and G is maximum

at 45◦ (115.01GPa) of all planes; the anisotropic ratio is,

therefore, 1.04. Like the shear modulus, Poisson’s ratio also

shows the anisotropy nature in the all plane. We see from

Fig. 6 that with the rising of pressure, the circular shapes are

deviated and it is also evident that the compound CuV2S4
showed completely anisotropic behavior under pressure.

3.4. Electronic properties

The analysis of electronic characteristics is crucial be-

cause it helps us comprehend the electronic structure of

materials [44]. The computed electronic band structure is

represented in Fig. 7. The dotted line has been considered

as Fermi level.

It is noticeable that the valence band and conduction band

overlap each other at Fermi level. It is an indication of the

metallic nature of CuV2S4. Fig. 8 depicts the total and

partial density of states that were explored.

The DOS of CuV2S4 compound at 0GPa in the range

from −20 to 5 eV are represented in Fig. 8. TDOS is

represented at various pressure in Fig. 9. The role of TDOS

and DOS at the Fermi level also indicate the metallic nature

of CuV2S4. The Cu 3d, V 3p and S 3s states come up

with the significant role to construct the valence band where

V 3d states come up with the significant role to construct

the conduction band (Fig. 8). At Fermi level, the TDOS for

CuV2S4 is 10 states per unit cell per eV. The largest peak

in the valence band is at −36 to −40 eV, which is entirely

made up of V 3d states and is not depicted in the image.

The TDOS of CuV2S4at various pressure is shown in Fig. 9.

It’s worth noting that when pressure rises, the contribution

of DOS at Fermi level decreases.

Mulliken populations of CuV2S4 have been investigated

to understand the bonding properties [45]. Mulliken

population is an essential criterion for analyzing ionic or

covalent behavior of bonds. The evaluated bond parameters

of CuV2S4 are displayed in Table 6. A zero value of

population reveals perfect ionic bond, negative value reveals

an anti-bonding state, while the positive value reveals rising

covalency [46].

From Table 6, we have investigated that V atom carries

positive charge for both 0 and 50GPa pressure. In case of

S atom, we have noticed that it carries negative charge at

0GPa but holds positive charge at 50GPa pressure. The

other atom Cu carries positive charge at 0GPa but carries

negative charge at 50GPa pressure. Further, we can see that

the bond population of S−Cu and S−V bonds is positive for

both 0 and 50GPa pressure, which refers to the presence of

covalent bond in CuV2S4.

3.5. Optical properties

A frequency dependent dielectric function, which is given

by the following equation, is used to express the optical
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Figure 7. Electronic band structure of CuV2S4 at a) 0GPa and

b) 50GPa.

characteristics.

ε(ω) = ε1(ω) + iε2(ω), (10)

where ω is the frequency of light, ε1(ω) reflects the real part
of the dielectric function, and ε2(ω) reflects the imaginary

part. The imaginary component can be stated using

momentum matrix elements and by examining all potential

transitions between the occupied and unoccupied electronic

states which is given by the equation below [47–49].

ε2(ω) =
2e2π
V ε0

∑

k,v,c

|〈ψck |u.r|ψvk〉|
2δ(Ec

k − Ev
k − E), (11)

where the integral is over the first Brillouin zone. Here,

ω denotes the frequency of the photon, e refers to the

electronic charge, V stands for the unit cell volume, u

is the unit vector along the polarization of the incident

electric field, and ψck and ψvk represent the wave functions

for conduction and valence band electrons at a particular

k , respectively. Since CuV2S4 has metallic nature, as

validated by the predicted band structure calculations, a

Drude term [50] with plasma frequency 4 eV and Drude

damping 0.05 eV has been used. The calculated optical

functions of CuV2S4 are recorded in Fig. 10 from 0 to 50 eV

energy range. For all the computations, we have used 0.5 eV
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of CuV2S4 compound under zero pressure.
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Figure 10. The pressure-dependent a) absorption, b) conductiv-

ity, c) reflectivity, and d) loss function of CuV2S4 .

Gaussain smearing, since this spreads out the Fermi plane;

thus the k-points will be more efficient at the Fermi surface.

The absorption coefficient is a significant factor which

delivers the understanding of best solar energy conversion

efficiency. It represents the light with a certain energy

that can go through the material before being entirely

absorbed [51]. It is clear that the absorption coefficient starts

out with zero photon energy because of its metallic nature.

The highest peaks are investigated which are situated at the

energy range 38 to 42 eV. This compound demonstrated

excellent absorption coefficient. From Fig. 10, a we can see

that if we increase pressure, the absorption coefficient is

increased which is ensured from the changes of the positions

and height of peaks. From this study, we also can observe

that CuV2S4 compound retain decent absorption coefficient

in the ultraviolet zone.

When an alternating electric field is present, optical

conductivity becomes electrical conductivity. The real

components of optical conductivity under various pressures

are demonstrated in Fig. 10, b. It is observed that under all

the pressure, the optical conductivity commences from zero

photon energy that further implies the metallic character

of the studied compound. From the band structure it has

also been ensured. A wide range of incident photon energy

can be used to generate the photocurrent. We investigated

that the maximum peaks of the compound depended on

pressure. Unique case is for 30GPa. In this study, at first

the electrical conductivity increased in between the energy

range from 0 to 1 eV then it decreased with further pressure

increase. Again, we got the increased peaks under pressure

in the energy range 38 to 42 eV.

Fig. 10, c represents the reflectivity spectra R of CuV2S4
as a function of photon energy. From the figure, we

have investigated that reflectivity started with a value of

0.58−0.77 for 0 to 50GPa, then decreased and again

increased having a maximum value in between the energy

range 9.99 to 12.43 eV. After that, the reflectivity again

decreased. If the value of reflectivity is large at very small

energies then it indicates the higher dynamic conductivity

in that region.

The energy loss of a fast electron moving through a

substance is represented by the loss function. The frequency

connected to the upper limit of the energy loss spectrum is

specified by the bulk plasma frequency ωp of the material,

which emerges at ε2 < 1 and ε1 = 0 [52]. Fig. 10, d shows

the loss function at various pressure. In the energy range

where the loss function is highest, there we investigated the

marginal optical conductivity, reflectivity, and absorption.

The highest peaks located at 10.23, 10.67, 11.48, 12.28,

12.59, and 12.89 eV for 0 to 50GPa, as shown in Fig. 10, d.

The variable peaks are found for specific pressure because

of shear anisotropy. The material appears translucent if the

plasma frequency is lower than its respective incident light.

3.6. Thermodynamic properties

The temperature which is connected to the highest

frequency mode of vibration is called Debye temperature.

This is the fundamental lattice dynamical parameter having

a distinctive temperature of solid materials. Debye tem-

perature relates to various physical properties, e.g., thermal

conductivity, thermal expansion, lattice vibration, melting

temperature, specific heat, etc. Two essential factors,

i.e., critical temperature and electron–phonon coupling

constant can be correlated by Debye temperature. Debye

temperature of a material can be evaluated by using various

data, including the elastic moduli. In this present study,

we use elastic modulus data for the calculation of Debye

temperature.. By using the following equations, the Debye
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Figure 11. Pressure-dependent a) density, b) velocities, and

c) Debye temperature of CuV2S4 compound.

temperature has been estimated [53–57],

θD =
h

kB

[(

3n
4π

)

(NAρ

M

]1/3

· vav, (12)

vav =

[

1/3

(

2

v3t
+

1

v3l

)]

−1/3

, (13)

v l =

(

3B + 4G
3ρ

)1/2

, (14)

v t =

(

G
ρ

)1/2

, (15)

where h and kB are the Planck’s and Boltzman constant, NA

is the Avogadro’s number, ρ is the density, M is represented

as the molecular weight and n is the number of atoms

contained in the unit cell of CuV2S4. Furthermore, vav
is the average elastic (sound) wave velocity which is used

in the equation of Debye temperature calculation. vav can

be determined by using the value of v t and v l which are

mentioned in the equation below. v t and v l are known as

the transverse and longitudinal sound velocities.

The evaluated values of v l , v t , vav, ρ, and Debye

temperature θD have been displayed in Table 7. The average

velocity is decreasing with the increment of pressure for

Table 7. The evaluated density ρ, transverse sound velocity v t ,

longitudinal sound velocity v l , average sound velocity vav, and

Debye temperature θD of CuV2S4 under pressure

Pressure,
ρ, kg/m3 v t , m/s v l , m/s vav, m/s θD, K

GPa

0 4190 3190.08 6349.47 3577.65 417.63

10 4540 3058.53 6815.48 3449.94 413.67

20 4826 2891.17 7188.77 3274.44 400.72

30 5050 2645.75 7359.32 3005.53 373.42

40 5260 2555.10 7686.54 2907.17 366.13

Table 8. The calculated melting temperature Tm and the

minimum thermal conductivity κmin of CuV2S4 compound under

various pressure

Pressure P, GPa κmin,Wm−1K−1 Tm, K

0 0.758 1543.99

10 0.771 1781.33

20 0.762 1994.51

30 0.721 2128.96

40 0.716 2328.13

50 0.684 2473.81

CuV2S4 compound. From Fig. 11, c it is apparent that

the Debye temperature is decreasing with the rising of

pressure. We can also observe that CuV2S4 is thermally

less conductive under pressure.

Melting temperature is defined as the temperature at

which a material alters its state to liquid at ambient pressure

and this fact is well-known as melting point of solid. Fine
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Figure 12. Pressure-dependent a) minimum thermal conductivity

and b) melting temperature.
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et al. suggested the following empirical equation for

cubic substance, which is applied to compute the melting

temperature [58]:

Tm = 553 + 5.91C11. (16)

Table 8 and Fig. 12 illustrated the melting temperature at

various pressure.

The melting temperature of this substance increased as

pressure was raised, as seen in Fig. 12, b. Hence; this

material can be used as a good structural material.

The minimum thermal conductivity κmin is a property of

solid material that describes the behavior of atoms within a

crystal when the material is heated or cooled. κmin can

be estimated by using average sound velocity which is

represented in the following equation [59]:

κmin = kBvav

(

nNAρ

M

)2/3

. (17)

The symbols employed in this equation have the same

interpretation as the symbols presented in equation (12).
The value of minimum thermal conductivity as a function

of pressure is listed in Table 8 and shown in Fig. 12, a.

4. Conclusions

Using density functional theory (DFT), the precise phys-

ical characteristics of the CuV2S4 compound at different

pressures are explored. The optimized structural parameters

accorded well with the available experimental data at zero

pressure. The normalized structural parameters a/a0 and

V/V0 are diminished with the influence of pressure. The

investigated three independent elastic constants guaranteed

that CuV2S4 is mechanically stable. The polycrystalline

elastic parameters are increased with increasing pressure.

Moreover, CuV2S4 is characterized as ductile material and

the hardness and ductility are increased with pressure since

the Pugh’s ratio is increasing with pressure. In contrast, with

increasing pressure, the decrement of G and E denoted

that the ability to resist the shear deformation of CuV2S4
is decreased. This material also exhibits the increase of

anisotropy factor with pressure. CuV2S4’s metallic character

is confirmed by DOS and band structure analyses. The

total density of states is decreased when the pressure is

increased. The existence of covalent bonds is observed in

CuV2S4 based on the Mulliken atomic populations. The

study of optical properties also ensured the metallic nature

of CuV2S4. The Debye temperature is decreased with

the increase in pressure. Finally, the enhanced melting

temperature is observed with increasing pressure.
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