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Abstract: Transition metal carbides exhibit peculiar chemical and physical properties, 
making them integral to industrial applications that demand performance under high 
temperatures In the case of the hexagonal transition metal carbide Mo2C superconductor, 
higher-order elastic constants were calculated to be temperature-dependent using an 
interactional potential model. Second-order elastic constants are used to determine other 
allied ultrasonic variables. Second-order coefficients are used to analyze the temperature 
variation of ultrasonic velocities along the z-direction of the superconductor. Furthermore, 
the temperature difference of Debye average velocity and thermal relaxation time are 
considered along the same direction. The temperature dependence of ultrasonic properties 
is explored in relation to thermal, elastic, and mechanical properties. Ultrasonic attenuation 
, resulting from phonon–phonon (p–p) interactions, is calculated at different temperatures 
.The study establishes that thermal conductivity is a core provider of the observed 
ultrasonic attenuation, particularly at higher temperatures. The mechanical and thermal 
properties of the Mo2C superconductor are superior at lower temperatures. 

Keywords:Transition metal carbide superconductor, Thermal conductivity, Ultrasonic 
properties, Elastic properties, Mechanical properties. 

PACS numbers: 43. 35. Cg; 62.20.Dc; 63.20.Kr. 
 

 
Introduction 

Transition metal carbides (TMCs) are 
garnering attention owing to significant chemical 
and physical properties, including  enhanced 
chemical stability, maximum hardness, high 
melting  points,excellent thermal conductivity, 
and outstanding corrosion and wear resistance. 
These unique properties make them highly 
desirable for various applications, particularly in 
cutting equipment and wear-resistant 
components that  operate under high  
temperatures and pressures [1]. Mo2C shows 
great potential for use in microelectronics as 
diffusion barriers and electrical connections [2, 
3]. TMCs have played a main role in advancing 
structural steels, contributing to the 

strengthening and toughening of micro alloyed 
steels, as well as the development of heat-
resistant steels[4]. Mo2C superconductors have a 
hexagonal closed-packed structure with a space 
group P63/mmc and crystal constants of a = 
0.3015 nm, b = 0.3015 nm, and c = 0.4786 nm 
[5, 6]. Recent research has also explored the 
potential of TMCs in the field of two-
dimensional superconductivity [7-9]. Mo2C 
superconductors exhibit a Tc of 2.78K, attracting 
significant interest in various research 
endeavors[10, 11]. Furthermore, studies have 
highlighted the role of transition metal carbide in 
promotingthe polarization of supported metallic 
particles[12-14]. The hexagonal phase of Mo2C 
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is well known for its excellent catalytic activity 
in a wide variety of reactions, such as 
hydrogenation of benzene [15], hydrogenation of 
alkanes [16], and alkane isomerization. 

Ultrasonic attenuation (UA) is a crucial 
physical parameter that accurately characterizes 
the behavior ofa substance, reflecting specific 
interactions between the anisotropic nature of 
proximal hematinic planes and structural 
motion.It is linked to various physical processes, 
such as specific heat, thermal conductivity, 
thermal energy density, and higher-order elastic 
coefficients [17]. 

In this work, we aimed to establish a 
correlation between the thermo-physical and 
microstructural characteristics of hexagonal 
Mo2C superconductors. This relationship will 
help us understand the mechanical behavior of 
transition metal carbides and can provide 
valuable insights for optimizing manufacturing 
processes under proper conditions. We have 
measured the ultrasonic attenuation coefficient, 
acoustic coupling constants, elastic stiffness 
coefficients, thermal relaxation time, and 
ultrasonic velocities for the Mo2C 
superconductor. Shear modulus (G), bulk 
modulus (B), Young's modulus (Y), Pugh's ratio 
(B / G), Poisson’s ratio, and anisotropic index 
were also considered and discussed in the 
context of Mo2C superconductors. 

Theory 
There are numerous approaches to analyzing 

high-order (SOECs, TOECs) elastic factors of 
hexagonal materials. In our current effort, we 
utilized the Lenard-Jones interaction potential 
approach for the evaluation of SOECs and 
TOECs.  

A common description of nth-order elastic 
constant is the partial derivatives of the 
thermodynamic potential of the medium-
constrained finite deformation, mathematically 
conveyed by the subsequent expression [18, 19]: 

...௜௝௞௟௠௡ܥ = డ೙ி
డఎ೔ೕడఎೖ೗డఎ೘೙....

          (1) 

Here, F denotes free energy density and 
 ௜௝represents the Lagrangian strain componentߟ
tensor. Fcan be expanded in terms of strain η by 
the Taylor series expansion: 

ܨ = ∑ ௡ܨ
ஶ
௡ୀ଴ =

∑ ଵ
௡!

ஶ
௡ୀ଴ ൬ డ೙ி

డఎ೔ೕడఎೖ೗డఎ೘೙...
൰ ௠௡ߟ௞௟ߟ௜௝ߟ . ..         (2)  

Thereby, the free energy density is written as:  

ଶܨ + ଷܨ =
1
2!

௞௟ߟ௜௝ߟ௜௝௞௟ܥ

+
1
3!

mnߟ௞௟ߟ௜௝ߟ௜௝௞௟௠௡ܥ  

(3) 
In hexagonal compounds, the basic vectors  

are ܽଵ = ܽ ቀ√ଷ
ଶ

, ଵ
ଶ

, 0ቁ, ܽଶ = ܽ(0,1,0), and 
ܽଷ = ܽ(0,0, ܿ)in Cartesian coordinates axis. 
Here,a and c are the unit cell lattice parameters. 
The unit cell of an HCP compound contains two 
nonequivalent atoms: 6 atoms in the basal plane 
and 3 atoms above and below the basal plane. 
Consequently, both the first and second 
neighborhoods contain 6 atoms. The location 
vectors of these two kinds of atoms areݎଵ =
ܽ(0,0,0)and ݎଶ = ቀ ௔

ଶ√ଷ
, ௔

ଶ
, ௖

ଶ
ቁ. 

The potential energy per unit cell up to the 
second adjacent neighbor is described as: 

ܷଶ + ܷଷ = Σ଺
ூୀଵ (ூݎ)ܷ + Σ଺

௃ୀଵ  (4)        (௃ݎ)ܷ

Here, I refers to atoms in the basal plane and 
J refers to atoms above and below the basal 
plane. When the crystal is uniformlydeformable, 
the interatomic vectors in thenon-deformed state 
 are associated (ᇱݎ) and the deformable state (ݎ)
as:  

ଶ(ᇱݎ) − ଶ(ݎ) = ௜௝ߟ௝ߝ௜ߝ2 = ߆2
  

        (5) 

whereߝ௜ and ߝ௝are the Cartesian components of 
vector r. The energy density Ucan be 
describedbased on߆as [27, 28]: 

ܷ௡ = (2 ௖ܸ)ିଵߑ ଵ
௡!

 (6a)         (ݎ)௡߮ܦ௡߆

Based on Eqs. (4) and (6), the energy density 
U involving cubic terms can be written as: 

ܷଶ + ܷଷ = (2 ௖ܸ)ିଵ ቂ∑ ଵ
ଶ!

ூ߆
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∑ ଵ
ଶ!

௃߆
ଶܦଶ߮(ݎ௃)଺

௃ୀଵ ቃ +

(2 ௖ܸ)ିଵ ቂ∑ ଵ
ଷ!

ூ߆
ଷܦଷ߮(ݎூ) +଺

ூୀଵ

∑ ଵ
ଷ!

௃߆
ଷܦଷ߮(ݎ௃)଺

௃ୀଵ ቃ         (6b) 

Here, Vc= [31/2/2] a2 c signifies the volume of 
the elementary cell, D=R-1d/dR, and ߮(ݎ)is the 
interaction potential. The energy density is 
examined to be a function of the Lennard-Jones 



Temperature Dependent Behavior of Elastic and Ultrasonic Proprieties of Transition Metal Carbide Mo2C Superconductor 

 127

potential and specified as: 

(ݎ)߮ = − ௔బ
௥೘ + ௕బ

௥೙           (7) 

where, a0, b0 are constants; m, n are the integers 
and ‘r’ is the distance between atoms. To 
establish the interaction potential model leading 
to the computation of six SOECs and ten TOECs 
of the hexagonal compound, the formulations of 
elastic constants are given by the following 
expressions [18, 19]: 

ଵଵܥ = 24.1pସܥᇱܥଵଶ = 5.918pସܥᇱ

ଵଷܥ = 1.925p଺ܥᇱܥଷଷ = 3.464p଼ܥᇱ

ସସܥ = ଺଺ܥᇱܥସ݌2.309 = 9.851pସܥᇱ
ቑ        (8a) 

ଵଵଵܥ = ܤଶ݌126.9 + ଵଵଶܥᇱܥସ݌8.853
= ܤଶ݌19.168 − ᇱܥସ݌1.61

ଵଵଷܥ = ܤସ݌1.924 + ଵଶଷܥᇱܥ଺݌1.155
= ܤସ݌1.617 − ᇱܥ଺݌1.155

ଵଷଷܥ = ଵହହܥܤ଺݌3.695 = ܤସ݌1.539
ଵସସܥ = ଷସସܥܤସ݌2.309 = ܤ଺݌3.464
ଶଶଶܥ = ܤଶ݌101.039 + ଷଷଷܥᇱܥସ݌9.007

= ܤ଼݌5.196 ⎭
⎪
⎪
⎪
⎬

⎪
⎪
⎪
⎫

      (8b) 

where p = c/a: axial ratio;ܥᇱ = ߯ a / pହ; ܤ =
߰aଷ/݌ଷ;߯ = (1/8)[{ܾ݊଴ (݊ − ݉)}/{a௡ାସ}]߰ =
−߯ /{6 aଶ(݉ + ݊ + 6)}; m, n=integer quantity, 
and b0=Lennard-Jones parameter. 

The bulk modulus and shear modulus were 
calculated using Voigt and Reuss’ 
methodologies [20, 21]. The calculations of 
unvarying stress and unvarying strain were used 
in the Voigt and Reuss’ methodologies, 
correspondingly. Furthermore, from Hill’s 
methods, the average values of both 
methodologies were used to compute the ensuing 
values of B and G [22]. Young’s modulus and 
Poisson’s ratio are considered using values of 
bulk modulus and shear modulus, respectively 
[23, 24]. The following expressions were used 
for the evaluation of Y, B, G, and σ. 

ܯ = ଵଵܥ + ଵଶܥ + ଷଷܥ2 − ;ଵଷܥ4 Cଶ

        = ଵଵܥ) + ଷଷܥ(ଵଶܥ − ଵଷܥ4 + ଶܥ
ଵଷ;

ோܤ = ஼మ

ெ
; B௏ = ଶ(஼భభା஼భమ)ାସ஼భయା஼యయ

ଽ
;

௏ܩ = ெାଵଶ(஼రరା஼లల)
ଷ଴

;

Gோ = ହ஼మ஼రర஼లల
ଶ[ଷ஻ೇ஼రర஼లలା஼మ(஼రరା஼లల)] ;

ܻ = ଽீ஻
ீାଷ஻

; B = ஻ೇା஻ೃ
ଶ

;

G = ீೇାீೃ
ଶ

; ߪ = 3B-2G
ଶ(3Bାீ) ⎭

⎪
⎪
⎪
⎪
⎬

⎪
⎪
⎪
⎪
⎫

         (9) 

The anisotropic and mechanical properties of 
nanostructured materials are well correlated with 
ultrasonic velocity, as the velocity of ultrasonic 
waves mainly depends on the SOECs and 
density. Depending on the mode of vibration, 
there are three types of ultrasonic velocities 
in hexagonal nanostructured compounds: 
longitudinal (VL)and two shear waves (VS1, VS2). 
The ultrasonic velocities based on the angle 
between the direction of propagation and the z-
axis for hexagonal nanostructured compounds 
are given by the subsequent set of equations: 

௅ܸ
ଶ = ଷଷܥ} ଶݏ݋ܿ ߠ + ଵଵܥ ଶ݊݅ݏ ߠ + ସସܥ

ଵଵܥ]}+ ଶ݊݅ݏ ߠ − ଷଷܥ ଶݏ݋ܿ ߠ
ଶݏ݋ܿ)ସସܥ+ ߠ − ଶ݊݅ݏ ଶ[(ߠ

    +4 ଶݏ݋ܿ ߠ ଶ݊݅ݏ ߠ ଵଷܥ) + ߩସସ)ଶ}ଵ/ଶ}/2ܥ
ௌܸଵ
ଶ = ଷଷܥ} ଶݏ݋ܿ ߠ + ଵଵܥ ଶ݊݅ݏ ߠ

ସସܥ+ − ଵଵܥ]} ଶ݊݅ݏ ߠ − ଷଷܥ ଶݏ݋ܿ ߠ
ଶݏ݋ܿ)ସସܥ+ ߠ − ଶ݊݅ݏ ଶ[(ߠ

     +4 ଶݏ݋ܿ ߠ ଶ݊݅ݏ ߠ ଵଷܥ) + ߩସସ)ଶ}ଵ/ଶ}/2ܥ
ௌܸଶ
ଶ = ସସܥ} ଶݏ݋ܿ ߠ + ଺଺ܥ ଶ݊݅ݏ ߩ/{ߠ ⎭

⎪
⎪
⎪
⎪
⎬

⎪
⎪
⎪
⎪
⎫

 (10) 

where, VL, VS1, and VS2 are the longitudinal, 
quasi-shear, and shear wave velocities. Also, 
‘’is the density of the compound and  is an 
angle with the unique axis of the crystal. For 
hexagonal nanostructured crystal, the Debye 
average velocity is specified by the equation as 
[25, 26]: 

஽ܸ = ൤ଵ
ଷ

൬ ଵ
௏ಽ

య + ଵ
௏ೞభ

య + ଵ
௏యమ

య ቁቃ
ିଵ/ଷ

        (11) 

The mathematical formulation of ultrasonic 
attenuation for longitudinal (A)Long and shear 
waves (A)Shear induced by the energy loss due to 
electron-phonon interaction is given by [26, 27]: 

௟௢௡௚ܣ = ଶగమ௙మ

ఘ௏೗
య ቀସ

ଷ
௘ߟ + ߯ቁ        (12) 

௦௛௘௔௥ܣ = ଶగమ௙మ

ఘ௏ೄ
య  ௘         (13)ߟ

where ‘’ is the density of the nanostructured 
compound, ‘f’ is the frequency of the ultrasonic 
wave, ‘e’ is the electron viscosity, and ‘’ is the 
compressional viscosity (which is zero in the 
present case), VL and VS are the acoustic wave 
velocities for longitudinal and shear waves, 
respectively, and are given as: 

௅ܸ = ට஼యయ
ఘ

and ௌܸ = ට஼రర
ఘ

        (14) 
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The viscosity of the electron gas (ߟ௘) [25, 26] 
is given by: 

௘ߟ = ଽ×ଵ଴భభ௛మ൫ଷగమே൯మ య⁄

ହ௘మோ
         (15) 

where ‘N’ represents the number of molecules 
per unit volume and ‘R’ is the resistivity. 

At higher temperatures, p-p interaction 
(Akhieserloss) and thermo-elastic loss are the 
two prevailing processes, both of which 
contribute significantly to the attenuation of 
ultrasonic waves. The attenuation due to 
Akhieser loss is specified by the subsequent 
equation:  

஺௞௛(ଶ݂/ܣ) = ସగమఛாబ(஽/ଷ)
ଶఘ௏య         (16) 

Here, f represents the frequency of the 
ultrasonic wave and E0 is the thermal energy 
density. The measure of transforming acoustical 
energy into thermal energy is recognized as 
acoustical coupling constants, signified by D, 
and is specified by the subsequent expression: 

ܦ = ଴ܧ3)3 < ௜ߛ)
௝)ଶ > −< ௜ߛ

௝ >ଶ  ଴ (17)ܧ/(௏ܶܥ

where CV is the specific heat capacity at the 
constant volume of the material, T is the 
temperature, and ߛ௜

௝  is the Grüneisen number, 
while i and j are the mode and direction of the 
propagation. While the ultrasonic waves transmit 
through the material, the equilibrium of lattice 
phonon distribution gets disturbed. The time 
taken for the re-establishment of equilibrium of 
the thermal phonons, known as the thermal 
relaxation time τ, is given by [26, 27]: 

߬ = ߬ௌ = ߬௅/2 = ଷ௞
஼ೇ௏ವ

మ         (18) 

where the thermal relaxation time for the 
longitudinal wave and shear wave are signified 
by ߬௅ and ߬ௌ, correspondingly, and k is the 
thermal conductivity of the nanostructured 
compound. The thermoelastic loss (ߙ/݂ଶ)்௛ is 
described by the equation: 

௛்(ଶ݂/ܣ) = ଶߨ4 < ௜ߛ
௝ >ଶ ௞்

ଶఘ௏ಽ
ఱ        (19) 

The total attenuation is specified by the 
subsequent equation as: 

௢௧௔௟்(ଶ݂/ܣ) = ௛்(ଶ݂/ܣ) + ௅(ଶ݂/ܣ)
+  ௌ(ଶ݂/ܣ)

(20)  
where(ܣ/݂ଶ)்௛is the thermoelastic loss, while 
 ௌ are the ultrasonic(ଶ݂/ܣ) ௅and(ଶ݂/ܣ)
attenuation coefficients for the longitudinal wave 
and shear wave, correspondingly.  

Results and Discussions 
Higher Order Elastic Constants 

In the current investigation, we have 
calculated the elastic coefficients (6 SOECs and 
10TOECs) using an interaction potential 
approach. The lattice parameters ‘a’ (basal plane 
parameter) and ‘p’ (axial ratio) for the Mo2C 
superconductor are 3.015Å and 1.59, 
correspondingly [5, 6, 28]. The chosen values of 
m and n are 6 and 7 for the Mo2C 
superconductor. The value of b0 is taken at 
2.26x10-64 erg cm7 for the Mo2C superconductor. 
Table 1 shows the values of the second and 
third-order elastic coefficients of the transition 
metal carbide. 

TABLE 1.SOECs and TOECs (in GPa) of Mo2C at room temperature. 
SOEC 
Compounds 

C11 C12 C13 C33 C44 C66 

Mo2C(Present) 482.9 118.6 97.5 443.6 116.9 189.4 
Mo2C [29] 480   448 169 150 

 

TOEC C111 C112 C113 C123 C133 C344 C144 C155 C222 C333 
Mo2C -7875 -1249 -250 -318 -1499 -1405 -370 -247 -6231 -5327 

 

The maximum elastic constant parameters 
obtained for the Mo2C superconductor are 
significant for the substance because they are 
connected to the stiffness constraint. SOECs are 
used to establish the ultrasonic attenuation and 
allied parameters. The highest elastic coefficient 
values established for transition-metal carbide 

Mo2C are indicative of their improved 
mechanical properties. 

For hexagonal structure material stability, the 
five different SOECs (Cij, namely C11, C12, C13, 
C33, C44) satisfy Born-Huang's norms [24, 25], 
which makes complete sense in view of Table 1. 
This superconductor is mechanically stable 
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because it is clear that the positive elastic 
constant values satisfy Born-mechanical Huang's 
stability constraints. The calculated values of C44 
and C66 vary slightly from other theoretical 
results for Mo2C compounds, where the 
evaluation was done using DFT [29], although 
the magnitude of SOECs C11, C12, C13, and C33 
are the same as given in Table 1 [29]. Thus, 
there is good agreement between the presented 
and given values. As a result, the theoretical 
approach for calculating SOECs of hexagonally 
structured superconductors at room temperature 
is well justified. Table1 illustrates the evaluated 

TOEC values. TOECs with negative values 
indicate strain within the solid. This aligns with 
previous findings on hexagonal-structured 
materials, affirming the theoretical framework's 
accuracy in valuing higher-order elastic 
coefficients. As a result, the theory used to 
investigate higher-order elastic coefficients is 
justified [30, 31]. Using Eq. (9), the values of 
bulk modulus (B), shear modulus (G), Young’s 
modulus (Y), Pugh’s ratio (B/G), toughness 
(G/B), and poison ratio (σ) for Mo2C transition 
metal carbide at room temperature are 
determined and are shown in Table 2. 

TABLE 2. Voigt–Reus’ constants (M and C2), B (x 1010Nm-2), G (x 1010Nm-2), Y (x 1010Nm-2), σ,  and 
B/G for Mo2C superconductor transition metal carbide. 

 M C2 Br Bv Gr Gv Y B/G G/B σ 
Mo2C 1098 276500 239 227 153 159 285 1.53 0.65 0.231 

 

The values of B, Y, and G for Mo2C 
transition metal carbide are observed to be 
smaller compared to other transition metal 
carbides. This indicates that Mo2C has relatively 
lower stiffness and bonding strength. The ratios 
B/G and σ provide insights into the material's 
brittleness and ductility. Materials with 
σ=0.23≤0.26 and B/G = 1.52≤1.75 are typically 
considered brittle, or else they are ductile in 
nature [32, 33]. The fact that our results for B/G 
are lower than their critical values indicates that 
transition metal carbides are brittle at room 
temperature. The value of σ which should ideally 
be less than 0.5 for elastic and stable materials, is 
found to be within an acceptable range for 
Mo2C. 

It is clearly seen that the Mo2C 
superconductor is dependable under shear. The 
higher hardness results from a higher degree of 
covalent bonding. The material's mechanical 
properties, such as ductility, stiffness, toughness, 
brittleness, and bonding properties, are closely 
connected to the second-order elastic 
coefficients. To quantify the degree of 
anisotropy in the material, various anisotropic 
indexes are employed. In the present work, the 
general anisotropic index (AU) and percent 
anisotropy (AS and AG) have been calculated 
[34]. The values of the anisotropic index and 
percent anisotropy for Mo2C transition metal 

carbide are 0.095, 0.052, and 0.019,respectively. 
An anisotropic index of zero indicates an 
isotropic structure, whereas non-zero values 
denote anisotropic constitution.AU is a superior 
indicator for mechanical anisotropic properties, 
with higher values indicating stronger anisotropy 
of the compound. 

Ultrasonic Velocity and Allied Constraints 

The elastic modulus and isotropic properties 
of the material were correlated through 
ultrasonic velocity in the current analysis. For 
Mo2C transition-metal carbide, we have 
determined the Debye average velocity (VD), 
longitudinal velocity (VL), shear velocity (VS), 
and relaxation time (τ). The data used for the 
Mo2C superconductor's temperature-dependent 
density () are shown in Table 3 and were 
obtained from the existing literature [28]. The 
Mo2C transition-metal carbide thermal 
conductivity (k), shown in Table 3, was obtained 
from the literature [28]. Additionally, the 
thermal conductivity of superconductor Mo2C 
has been evaluated using electrical resistivity via 
the Wiedemann-Franz law [30]. Debye 
temperatures (ƟD), acoustic coupling coefficients 
(DL and DS), specific heat per unit volume (CV), 
and the thermal energy density (E0) as a function 
of temperatures are shown in Table3, According 
to the table of physical constants. 
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TABLE 3. Density (: in 103 kg m-3), specific heat capacity at constant volume (CV: in 105Jm-3K-1), 
thermal energy density (E0: in 107Jm-3), thermal conductivity (k: in10-2Wm-1K-1), and acoustic 
coupling constant (DL, DS) of Mo2C superconductor. 

  CV E0 k DL DS 
50K 9.00 1.11 0.15 6.28 53.29 1.30 

100K 
150K 
200K 
250K 
300K 

8.98 
8.96 
8.94 
8.92 
8.90 

4.75 
7.23 
8.47 
9.33 
9.77 

1.61 
4.62 
8.69 
13.09 
17.87 

7.68 
8.08 
8.55 
9.02 
9.22 

54.35 
55.22 
55.79 
56.02 
56.23 

1.30 
1.30 
1.30 
1.30 
1.30 

 

Table 3 shows clearly that for transition metal 
carbides, the values of DL are often greater than 
those of DS. It has been shown that less 
ultrasonic energy is converted into thermal 
energy for shear ultrasonic waves than for 
longitudinal ultrasonic waves.  

Figs. 1-4 show the angular correlations of 
ultrasonic velocities (VL, Vs1, VS2, VD) at various 
temperatures along the z-axis of the 
superconductor. In Figs. 1 and 2, the z-axis of 
the superconductor correlates directly to the 
minima and maxima of the ultrasonic velocities 

VL and VS1 of the Mo2C superconductor. In Fig. 
3, VS2 rises through the angle away along the z-
direction. The combined effects of SOECs and ρ 
(density) are held responsible in favor of the 
uncharacteristic behavior of angle-dependent 
velocity. The existence of the angle (Ɵ) - 
dependent velocity (V) curves in this effort is 
comparable to that discovered for other 
hexagonal-type materials [31-33]. Thus, the 
angle dependence of the velocities in transition 
metal carbide is justified. 

 
FIG. 1. VL vs. angle (Ɵ) with z- axis of Mo2C. 

 
FIG. 2. VS1 vs. angle with z- axis of Mo2C. 
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FIG. 3. VS2 vs. angle with z- axis of Mo2C. 

 
FIG. 4. VD vs. angle (Ɵ) with z- direction of Mo2C. 

Fig. 4 illustrates the relationship between the 
average Debye velocity (VD) and the (Ɵ) angle 
formed through the crystal z-direction. The 
transition metal carbide Mo2C superconductor's 
VD clearly increases with Ɵ (angle) and reaches 
its limit at 550 because the fundamental 
ultrasonic velocities VL, VS1, and VS2 are used in 
the calculation of VD [34, 35], so it is reasonable 
that the variation of VD (Debye average velocity) 
is influenced through these velocities. The limit 
of VD at 55 ° is caused by an increase in VL and 
VS, as well as a decrease in quasi-shear wave 
velocity. The common sound wave velocity is 
the greatest when a sound wave moves by 550 
degrees by these crystals' z-axis 

The evaluated value of thermal relaxation 
time ‘τ’ correlated with the angle is plotted in 

Fig. 5. The reciprocal character of VD as 
߬ ∝ ௏ܥ/3݇ ஽ܸ

ଶ is tracked by angle (Ɵ)-dependent 
thermal relaxation time (τ) curves. It is evident 
that thermal conductivity exerts the most 
significant influence on the thermal relaxation 
time of the transition metal carbide 
superconductor. These results indicate that ‘τ’ 
falls within the picosecond range for 
hexagonally shaped substances [36, 37]. 
Therefore, the hexagonal structure of the 
transition metal carbide can be elucidated by the 
calculated thermal relaxation time. Remarkably, 
the shortest re-establishment time required for 
the stability distribution of thermal phonons 
corresponds to wave propagation along τ = 550, 
as indicated by the minimum value of ‘’. 



Article  Rai and Yadawa 

 132

 
FIG. 5. Relaxation time (τ) vs angle (Ɵ) with z- axis of Mo2C. 

Ultrasonic Attenuation Due To P-P 
Interaction and Thermal Relaxation 
Occurrences 

While calculating the ultrasonic attenuation 
(UA), it is assumed that the wave is propagated 
along the z-axis [<001> axis’s] of Mo2C 
transition-metal carbide. The attenuation 
constants of the longitudinal wave (A/f2)L and the 

shear wave (A/f2)Sare determined by Eq. (16) 
under the condition<<1at various 
temperatures.Figures6 and 7 show the values for 
the temperature-dependent (A/f2)L, (A/f2)S, 
(A/f2)Th, and total attenuation (A/f2)total of Mo2C 
transition metal carbide. The thermoelastic loss 
divided by frequency squared (A/f2)Th has been 
calculated using Eq. (19). 

  
FIG. 6. (A/f2)L, (A/f2)S, (A/f2)Total vs temperature of 

Mo2C. 
FIG. 7. (A/f2)Th vs temperature of Mo2C. 

 

In this work, the ultrasonic wave (V) is 
assumed to propagate along the z-axis of the 
superconductor, as shown in Fig. 6. It is obvious 
that the Akhieser form of energy losses favors 
longitudinal waves, shear waves, and 
thermoelectric losses, all of which increase with 
the temperature of the compounds.(A/f2)Akh is 
proportional to D, E0, τ, and V-3, as described by 
Eqs. (16) and (17). Figure 3 illustrates that’ E0’ 
and‘V’increase with high temperature, 

consequently impacting Akhieser losses in the 
Mo2C superconductor through E0 also the’ k’. 

Consequently, the increase in UA is due to 
the increase in thermal conductivity. Therefore, 
it is the p-p interaction that predominantly 
governs the ultrasonic attenuation. Owing to the 
lack of experimental data in the literature, an 
evaluation of ultrasonic attenuation could not be 
conducted. 
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From Fig. 7, it is obvious that the 
thermoelastic loss is significantly smaller than 
Akhieser loss for Mo2C transition metal carbide, 
as well as the total attenuation. Ultrasonic 
attenuation due to p–p interaction for 
longitudinal wave and shear wave is the 
dominant factor. The thermal energy density and 
the thermal conductivity are the most important 
factors that affect the total attenuation. 
Consequently, it could be predicted that the 
transition metal carbide superconductor behaves 
as its purest variety at low temperatures and isthe 
mostductile, confirmed by the minimum 
attenuation. Although at room temperature, 
Mo2C transition-metal carbide is the least 
ductile. Consequently, at low temperatures 
(50K), there would be the least impurity in the 
Mo2C superconductor. The minimum UA for 
Mo2C transition metal carbide least defends its 
quite stable hexagonally structured Mo2C. 

Conclusions 
Based on the above discussion, the following 

conclusions are drawn: 
 The standard calculation technique for 

higher-order elastic coefficients for 
hexagonal transition-metal carbide Mo2C 
superconductors, based on a Lenard-Jones 
potential model, remains applicable. 

 The elastic properties of Mo2C 
superconductors imply that this transition 
metal carbide is mechanically stable. 

 Young’s moduli of Mo2C transition metal 
carbide have more anisotropic structures than 
bulk modulus, as projected using numerous 
anisotropic indexes. 

 The thermal relaxation time of Mo2C 
transition metal carbide is established to order 

of picoseconds, defending its hexagonal 
structure. The smallest significance of ‘’ 
along = 550 at all temperatures indicates that 
the time required to re-establish the 
equilibrium distribution of phonons for wave 
propagation in this direction will be the 
shortest. 

 Over total attenuation, UA caused by the p-p 
interaction mechanism is dominant and is a 
leading factor of thermal conductivity 

 The mechanical properties of the Mo2C 
transition-metal carbide are observed to be 
better at low temperatures (50K). 

 Mo2C superconductor exhibit their purest 
variety at low temperatures and demonstrate 
increased ductility, as verified by the 
minimum attenuation. However, at room 
temperature, transition-metal carbide is 
observed to be the least ductile.  

This research could help in computational as 
well as non-destructive classification of 
transition-metal carbides. These findings serve 
as the basis for further research into the major 
thermo-physical properties of other transition-
metal carbides. 
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