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ABSTRACT 

The elastic and mechanical properties of Laves phase PdH2 compound  have been  investigated in the pressure 

range 0-150 GPa. The Lennard- Jones potential model has been applied to compute the second order elastic 

constants of PdH2. These elastic constants are found to increase monotonically in the given pressure range .The 

second order elastic constants are utilized to compute the pressure dependent mechanical constants such as  

Voigt- Reuss constants (M, C2), Young’s modulus (Y), bulk modulus (B), shear modulus(G)& Possion’s ratio 

(σ). All computed parameters increase symmetrically with the increasing pressure. The results reached at, from 

the present investigation, have been deliberated upon, and compared   with the available data from previous 

work.  

Keywords: elastic properties, mechanical properties, palladium dihydrides. 

1. Introduction 

Much attention has been focussed on Metal-Hydrides on account of certain fascinating properties, such as high 

hydrogen-storage capacity, fast hydrogen absorption/desorption, long-term life-cycle and low toxicity [1]. To 

decipher the bonding mechanism of H atoms with the metal lattice, in general, a special case wherein M=Pd 

serves the purpose. A study of electronic properties of PdH helps understand other M-H systems [2].  Palladium 

metal is  known to absorb  hydrogen at ambient conditions and the dissociative adsorption of H2 molecules 

occurs with little or no activation energy barrier on the palladium surface. The reversible hydrogen absorption 

property can be used for hydrogen storage [3]. Increasing the hydrogen concentration will cause volume 

expansion of PdHx. Based on this mechanism, a Pd based H2 sensor was used to measure the hydrogen 

concentration [4]. Due to the dissociative properties of H, Pd-H can be used for hydrogen-related catalytic 

reactions [5].The hydrogen storage capability and some other properties , like mechanical and superconducting, 

http://www.ijcrt.org/


www.ijcrt.org                                                                 © 2022 IJCRT | Volume 10, Issue 5 May 2022 | ISSN: 2320-2882 

IJCRT2206055 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org i936 
 

are affected by concentration of absorbed H atoms. [6].It was found that the hydrogen reduces the compression 

resistance in Pd-H, in which bulk modulus decreases from 195 GPa to 183 GPa with the increase of H 

concentration from 0 to 0.76 . It has been reported by Greenwood and Earn S haw that the metallic conductivity 

reduces as hydrogen is absorbed over PdHx, and reduces with the increase of x, until at around PdH0.5 ,the solid 

becomes a semiconductor [7].Experiments show that PdHx can be formed on the top of multi-wall carbon 

nanotubes. For 0 < x < 1, it is stable in face-centered cubic (fcc) structure. While, for x = 2 it has a hexagonal 

close-packed (hcp) structure. Palladium was studied in a high pressure hydrogen atmosphere up to 20 GPa. 

However, the PdH2 was not observed by X-ray diffraction until the pressure up to 20 GPa . 

As per author’s knowledge, no study has been done on elastic& mechanical properties of PdH2, which 

motivates to study these properties of PdH2 in the pressure, range 0-150 GPa. This study uses Lennard-Jones 

potential techniques to investigate the elastic& mechanical characteristics. This is used to explain the 

characteristics of the PdH2 compound.  

 

2. Theory 

The interaction potential model technique is one of the most well-established theories for calculating out the 

higher order elastic coefficients of hexagonal wurtzite and hcp shaped compounds [9]. By applying the second- 

order of elastic energy density, the formulations of higher-order elastic constants were determined. 

Cijklmn... =
∂nF

∂ηij ∂ηkl ∂ηmn....
                                                                                                      (1) 

The second-order (CIJ) elastic coefficients of the hcp material can be written as follows [10]:
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The Born elastic stability conditions for a single compound of the hcp PdH2 composite [11] is expressed 

through: 

{

𝐶44 > 0

𝐶11 − |𝐶12| > 0
(𝐶11 + 𝐶12)𝐶33 − 2𝐶13 > 0 

}                    (3) 

The physical properties of compound can be predicted by the B (bulk modulus), G (shear modulus), and Y 

(Young's modulus) [12, 13]. It is achievable to use bulk modulus to clarify the average atomic bond strength 

since it is clearly associated to cohesive energy or bond formation energy of atoms in compound. The G is a 

important factor in determining a compound’s hardness. Y is calculated to reveal stiffness of a solid that 

depends on the strength of its atomic bonds. The B and the G for the hexagonally structured PdH2 compound 

can be determined from literature, 
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𝑀 = 𝐶11 + 𝐶12 + 2𝐶33 − 4𝐶13,C
2 = (𝐶11 + 𝐶12)𝐶33 − 4𝐶13 + 𝐶

2
13;

𝑌 =
9𝐺𝐵

𝐺 + 3𝐵
;      B =

𝐵𝑉 + 𝐵𝑅
2

;         G =
𝐺𝑉 + 𝐺𝑅

2
; 𝜎 =

3B-2G

2(3B+ 𝐺) }
 
 

 
 

                               (4) 

 

 

. Results and discussion  

3.1. Elastic and mechanical properties  

In this investigation, the elastic constants (six SOECs) have been obtained. The basal plane distance 'a', and 

axial distance (c/a= p) are given in Fig. 1 [14]. The lennard jones constants (b0) are 1.63x10-62. 

 

Fig.1. Lattice constants of PdH2 

The computed values of pressure dependent SOECs are displayed in Fig.2. There are six SOEC’s. It is observed 

form Fig.2 that PdH2 compound’s elastic constants increase monotonically as pressure increases. As pressure 

increases, C11 and C33 change rapidly, although C13, C12, and C44 exhibit a not too rapid variation. 
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Fig.2.Second order elastic constants of PdH2 

It is possible that PdH2 compound is mechanically stable as per Born stability criteria using Eq.(3) in the 

pressure range 0-150GPa. The computed value of pressure dependent Voigt-Reuss constant (M, C2), bulk 

modulus (B), shear modulus (G), Pugh’s ratio (G/B), and Poisson’s ratio (σ) have been computed using Eqs. 

(4), and, are given in Fig. 3. 

 

Fig.3.  B,G,Y,σ of PdH2 
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According to Fig. 3, the bulk modulus B is significantly larger than the shear modulus, G, in the pressure range 

of 0-150 GPa. The bulk modulus is found to be 45 at 0 GPa, which is comparable with literature [14]. It can be 

shown form Fig. 3 that B increases with increase in pressure. This shows that material has good hardness. 

Table.1. Pressure-dependent M, C2, B, G, B/G, and σ for PdH2. 

Pressure (GPa) M C2 B G B/G 

0 172 5660 45 58 0.78 

30 412 72858 158 110 1.43 

60 397 275646 482 115 4.19 

90 493 440496 619 148 4.182 

120 524 546653 717 166 4.31 

150 528 576984 750 174 4.31 

If Pugh’s ratio (B/G) is greater than 1.75 then the compound is brittle otherwise, it is ductile [15]. In the present 

analysis PdH2is found to have the value of B/G greater than 1.75 at 60GPa, hence PdH2 is ductile in nature, 

below 60 GPa, as given in Table 1. The value of B/G increases from 0.78 to 4.31 in the pressure range 0 to 150 

GPa as per Table 1. The Young’s moduli (Y), have been calculated using Eq,s (4). The pressure dependent Y is 

shown in Fig. 3. The Young’s modulus measures the stiffness of compound, and the larger its value, the stiffer 

the compound. The Young’s modulus (Y) of PdH2 increases with increasing of pressure as shown in Fig. 3. 

4. Conclusion 

The elastic, mechanical and thermo-physical properties of PdH2 compound were investigated using Lennard-

Jones potential technique in the pressure range (0 to 150 GPa) in the present study. The investigation leads to 

the following conclusion: 

 The theory for evaluation of higher-order elastic constants is also suitable for PdH2 in the pressure 

region 0-150GPa. 

 The stability criteria have been followed by PdH2, which confirms the stability of the material 

 PdH2 has been found to be ductile in nature on the basis of its Pugh’s ratio and Poisson’s ratio in the 

given pressure range. 
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