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Abstract Semiconducting materials have played an important role in modern 

technological age. Group III-V materials have attracted much attention in 

electronic industry due to their structural, mechanical, electronic and 

thermodynamic properties predicted by calculations. This paper simulated the 

effect of pressure within the range of 0-100 GPa on the elastic constants and 

other related parameters, such as Young’s, bulk and shear moduli, Pugh ratio, 

Poisson ratio, anisotropy factor, degree of anisotropy and Kleinman parameter 

for gallium arsenide (GaAs), indium arsenide (InAs) and aluminum arsenide 

(AlAs) materials, using the Tersoff classical potential within ATK-force field.  

Results showed that, increase in pressure enhanced the ductility of GaAs and 

InAs within the entire pressure domain, and between 10-40 GPa for AlAs 

material. AlAs was found to be brittle under 50-90 GPa, and unstable at 100 

GPa. This may be due to occurrence of phase transition at these pressures. The 

obtained results at zero pressure are consistent with available experimental and 

theoretical data in literature. 

Keywords: Elastic constants, ductility, gallium arsenide, high pressure, indium 

arsenide. 

1   Introduction 

The knowledge of high-pressure dependence of the elastic parameters is critical for 

predicting some physics of semiconducting materials. For instance, high-pressure 

analysis gives vital information about the phase transition, stability, strength, elastic, 

and mechanical properties of semiconductors (Liu et al. 2007, Zhu et al. 2008, Liu et 

al. 2009, Wang et al. 2009, Guler and Guler 2014). Currently, III-V compound 

semiconductors, such as gallium arsenide (GaAs), indium arsenide (InAs) and 

aluminum arsenide (AlAs) are the major materials for micro/nano/opto-electronic 
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device applications. They exhibit excellent optical, elastic, mechanical, and electronic 

properties which make them suitable for applications and have received considerable 

interest from experimental and theoretical researchers. GaAs is used in photovoltaics, 

semiconductor lasers, light emitting diodes, solar cells and heterostructures 

(Blakemore 1982, Rong et al. 2008, Al-Douri and Ali 2011). AlAs is used in high 

electric mobility transistors, solid state lasers, Bragg reflector super lattices and 

heterojunction bipolar transistors (Liu 1995, Li et al. 2013), and InAs is used in 

infrared detectors, photodiodes, and tetrahertz radiation source (Lide 1998).  

Elastic parameters provide connection between mechanical and dynamic property 

of cubic crystals and give insight into the nature of forces operating in materials. 

Under standard conditions, GaAs, InAs and AlAs crystallize in cubic zinc-blend 

structure. At high pressure, these materials are found to undergo structural phase 

transition, thereby exhibiting different mechanical properties. Phase transition and 

elasticity of GaAs was reported by Guller and Guller (2014) up to 25 GPa from 

Geometry Optimization technique. Li et al. (2013) reported the pressure dependence 

of elastic and lattice dynamics properties of AlAs from ab initio studies up to 15 GPa. 

Also, Kabita et al. (2016) studied structural, elastic, and electronic properties of InAs 

under induced pressure within the range of 0-4 GPa, and Louail et al. (2006) reported 

the elastic properties of InAs under pressure up to 18 GPa, using the CASTEP 

density functional theory.  

Although, there have been studies on elastic and mechanical properties of these 

binary compounds under ambient conditions, experimental and theoretical 

investigations of these properties under high pressure are still scanty in literature. 

Therefore, the objective of this simulation work is to reveal the behaviour of elastic 

and mechanical properties of GaAs, InAs and AlAs under pressure in the range of 0 – 

100 GPa. 

2 Computational Methods  

The computation of elastic parameters of GaAs, InAs and AlAs were performed 

using ATK-force field code with Tersoff potentials (Nordlund et al. 2000, 

Hammerschmidt et al. 2008, Fichthor et al. 2011) as implemented in QuantumATK 

under the framework of Virtual Nano Lab. In this method, QuantumATK employs 

the Lagrangian strain and stress tensors. The strain and stress tensors are defined by 

3X3 matrices using the Voigt notation, and they can be written compactly as 6-

vectors: 

𝜎 = (𝜎𝑥𝑥, 𝜎𝑦𝑦, 𝜎𝑧𝑧, 𝜎𝑥𝑦, 𝜎𝑥𝑧, 𝜎𝑦𝑧) 

                𝜀 = (𝜀𝑥𝑥 , 𝜀𝑦𝑦 , 𝜀𝑧𝑧, 𝜀𝑥𝑦, 𝜀𝑥𝑧, 𝜀𝑦𝑧)    (1) 

 

Usually, the linear response of the stress to a strain vector is given as 
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𝜎 = 𝐶 ⋅ 𝜀       (2) 

The number of independent elements in matrix C can be reduced depending on the 

crystal symmetry. For example, triclinic, monoclinic, orthorhombic, tetragonal II, 

rhombohedral, and hexagonal crystals, respectively have 21, 13, 9, 7, 6 and 5 

independent elastic constants. However, in cubic crystal system, only 3 elastic 

constants (C11, C12 and C14) are totally independent as given by equation 3 (Born 

1940, Mouhat and Coudert 2014), 
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where i , i  and Cij are stress, strain and stiffness constants, respectively. To 

calculate the stiffness constants Cij, the atomic positions of each strained cell is first 

optimized. Then, QuantumATK (Atomistix ToolKit 2017.2) uses the universal 

linearly independent coupling strain (ULICS) vectors to minimize the number of 

stress calculations. For each strain vector three deformations ( , 0,   − + ) centered at

0 = , is applied to simulate the cell along selected strains and calculate the 

corresponding stress vectors. Here, we use 0.002, =  and number of intermediate 

deformations 3n =  to filter out possible non-linear contributions. The highest 

polynomial order was taken as one in the stress against   fitting. Contributions from 

the linear stress are obtained by fitting the stress ( )i   curves of each Voigt stress 

and for every strain component. Then, taking crystal symmetry into account, the 

independent stiffness constants are calculated as the least-squares solution to a linear 

system of equations. The calculations were performed within a range of pressures, 0 

– 100 GPa. Also, the code calculates the Poisson ratio, shear, bulk, and Young’s 

modulus. 

3   Results and Discussion 

Elastic properties provide information about the dynamical and mechanical behavior 

of crystals and the nature of forces acting on the crystal. Mathematically, they are 

proportionality constants between stress and strain, which provides information on 
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the interatomic stability of the crystal (Pokluda et al. 2015). As a result, any change 

on the stress or strain within the crystal has direct effect on the elastic constants (Cij). 

From the Born mechanical stability conditions for cubic structure, the elastic 

constants must satisfy the following necessary and sufficient conditions (Born 1940, 

Mouhat and Coudert 2014): 

 
 𝐶11 − 𝐶12 > 0;   𝐶44 > 0;   𝐶11 + 2𝐶12 > 0, 

                          𝐶12 < 𝐵 < 𝐶11                   (4) 

 

The calculated values of Cij for GaAs are listed in Table 1 along with experimental 

and theoretical results available in the literature (Blakemore 1982, Varshney et al. 

2010, Guler and Guler 2014). Table 1 shows that the results of Cij for GaAs agree 

with other theoretical results (Varshney et al. 2010) at 0 GPa. The calculated results 

for C11, C12 and C14 satisfy the structural and cubic stability conditions in Eq. (4) for 

gallium arsenide, indicating that cubic GaAs is mechanically stable within the high-

pressure regime (0 – 100 GPa).  
 

 
Fig. 1. The cubic elastic constants C11, C12 and C14 for GaAs under pressure. 

 

Figure 1 shows the stiffness constants at different pressures for GaAs. From these 

plots, all the calculated cubic stiffness constants are positive and increase 

monotonically as pressure increases. In addition, increase in C11 is higher than C12 

and C14. It is well known that C11 represents the longitudinal stiffness behavior, C12 

represents the off-diagonal stiffness characteristics and C44 explains the shear 
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stiffness behavior of cubic crystals. As a result, longitudinal strain generates a change 

in volume without a corresponding change in shape. Therefore, this gives rise to 

larger change in C11 since volume is related to pressure. A transverse strain (or 

shearing) causes a change in shape without a corresponding change in volume. 

Therefore, C12 and C14 are less sensitive to pressure compared to C11 (Guler and 

Guler 2014). 

The bulk modulus (B), shear modulus (G), Young’s modulus (E), Pugh ratio (B/G), 

Poisson ratio (v), Kleinman parameter ( ) and Anisotropy factor A for GaAs at 

different pressures are listed in Table 1. The Young’s modulus is defined as the ratio 

of stress to strain. It is the resistance to uniaxial tensions and is used to provide a 

measure of the stiffness of solids. This implies that, the higher the value of E, the 

stiffer the material. This trend agrees with previous studies (Bing et al. 2010, Feng et 

al. 2014, Wang et al. 2014).  

Table 1: Calculated elastic constants C11, C12, C14 (GPa) and other related elastic parameters 

for GaAs at various pressure P (GPa). (B: bulk modulus (GPa), G: shear modulus (GPa), E: 

Young modulus (GPa), B/G: Pugh ratio, v: Poisson ratio,  : Kleinman parameter, A: 

Anisotropy factor. 

a Blakemore (1982),  b Guler and Guler (2014), c Varshney et al. (2010) 

 

It is clear from Table 1 that, pressure has significant effect on E. Thus, Young’s 

modulus of GaAs shows a monotonic increase with pressure as displayed in Figure 2. 

P C11  C 12  C14  B   G  E  B/G     v         A 

0 123.61 48.27 39.14  73.38 38.54 96.49 1.90 0.281 0.530 1.039 

(106.5a)  (53.3a)  (60.2a)   (75.5a)  (32.6a) (85.5a)  (0.31a)   

(106.5b)  (60.2b)  (33.6b)  (75.6b)  (28.9b) (63.0b)  (0.36b)   

(122.3- 

147.6c) 

(40.6- 

119c) 

(42.4-

107c) 

(70.8-

135c) 

(24.5c)      

10 178.29 78.62 51.13 111.84 50.60 130.16 2.21 0.306 0.574 1.026 

20 226.52 105.84 60.09 146.06 60.18 159.10 2.42 0.319 0.597 0.995 

30 272.02 131.76 67.55 178.51 68.57 186.03 2.60 0.326 0.611 0.963 

40 314.29 155.97 73.80 208.74 75.90 210.83 2.75 0.332 0.621 0.932 

50 355.30 179.54 79.34 238.12 82.65 234.76 2.88 0.336 0.629 0.902 

60 394.86 202.33 84.26 266.50 88.68 257.75 3.00 0.339 0.635 0.875 

70 433.37 224.57 88.71 294.16 94.68 280.07 3.10 0.341 0.640 0.849 

80 470.86 246.23 92.74 321.11 100.12 301.76 3.20 0.343 0.644 0.825 

90 507.08 267.18 96.38 347.14 105.20 322.68 3.29 0.345 0.647 0.803 

100 543.52 288.27 99.82 373.35 110.14 343.71 3.38 0.347 0.650 0.782 
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This means that GaAs is stiffer at higher pressures because the higher the value of 

Young’s modulus, the harder the material. 

 

 
Fig. 2. Young, bulk, and shear modulus for GaAs under pressure. 

 

Bulk modulus is defined as a measure of resistance to external deformation, and it 

gives a lot of information about bonding strength of materials (Bensalem et al. 2014, 

Guemou et al. 2014). Since pressure is directly proportional to bulk modulus, it is 

predictable that increase in pressure leads to corresponding increase in bulk modulus 

( P V B =   ). Results obtained for B as captured in Table 1 increase rapidly with 

pressure. As the pressure is increased from 0 to 100 GPa, the bulk modulus was 

observed to increase from 73.38 to 373.35 GPa as displayed in Figure 2. The value 

obtained at zero pressure is consistent with experimental and theoretical results 

(Blakemore 1982, Guler and Guler 2014). In addition, shear modulus is known to 

measure the resistance to change in shape created by a shearing force. Results 

obtained for G increased from 38.54 to 110.14 GPa as the pressure is increased from 

0 to 100 GPa. This result at zero pressure is consistent with experimental result 

(Blakemore 1982). This means that increase in pressure improves GaAs resistance to 

change in shape due to shearing forces. 

Mechanical properties of solid materials can be investigated by employing the 

empirical Pugh ratio (B/G) to determine if a material exhibits ductile or brittle 

behavior (Pugh 1954, Rahmati et al. 2014); i.e., if B/G > 1.75, the material behaves 

in a ductile manner, whereas, if B/G < 1.75 the material behaves in a brittle manner. 
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Figure 3(a) is a plot of Pugh ratio against pressure up to 100 GPa. Pugh ratio analysis 

shows the ductile nature of gallium arsenide under pressure. From our calculations, 

the value of Pugh ratio is higher than 1.75 and increases with pressure. Therefore, 

GaAs can be classified as a ductile material under pressure up to 100 GPa, and 

pressure improves the ductility of this material. 

Poisson ratio is defined as the ratio between the transverse strain and longitudinal 

strain in the elastic loading direction. It is utilized to reveal the stability of materials 

against shear and provides information about the type of bonding forces (Cao et al. 

2013, Greaves et al. 2013). The larger values of Poisson’s ratio favours plasticity of a 

material. For covalent materials v = 0.1, ionic materials v = 0.25, and values between 

0.25 to 0.5 signifies that a central force exist in the solid material. In this study, the 

Poisson’s ratio begins with 0.281 at zero pressure and increased to 0.347 with applied 

pressure as displayed in Figure 3(b). This signifies that those central forces are 

predominant in GaAs material. This result is consistent with previous studies. 

 

 
Fig. 3. (a) Pugh ratio (B/G) and (b) Poisson’s ratio for GaAs under pressure. 

 

Kleinman parameter ( ) describes the relative positions of anion and cation sub-

lattices under volume conserving strain distortions for which positions are not fixed 

by symmetry. According to Harrison (1989), it is given by the relation:  

 

 𝜁 =
𝐶11+8𝐶12

7𝐶11+2𝐶12
                                 (5) 

 

In a system, reducing bond stretching leads to  = 1, while reducing bond bending 

leads to   = 0. In this study, as the pressure increases, Kleinman parameter was 

observed to vary from 0.53 to 0.56, indicating a decrease in bond stretching for 

(a)                                                                           (b)                     
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GaAs.  grows monotonically with increase in pressure as shown in Figure 4(a), and 

increasing pressure reduces bond stretching. 

 

 
Fig. 4. (a) Kleinman parameter and (b) Anisotropy factor for GaAs under pressure. 

 

 

Elastic anisotropy factor (A) gives vital information about the degree of anisotropy in 

solid materials (Zener 1948). It has potential to influence micro-cracks in materials; 

as such it has vital implications in material engineering. A = 1, implies the material 

under study is elastically isotropic and deform uniformly along all directions. 

Whereas, if A > 1, the material is stiffest along the <111> direction, and for A < 1, it 

is stiffest along <100> direction (Kabita et al. 2015). The value of A is calculated at 

various pressures using the following relation (Maachou et al. 2011): 

 

𝐴 =
2𝐶44

𝐶11−𝐶12
               (6) 

 

Figure 4(b) displays calculated values of A against applied pressure. It was observed 

that the anisotropy factors are not equal to one, rather decreased from 1.039 to 0.782 

with increasing pressure. This implies that, between 0 – 10 GPa (A > 1) GaAs tends 

to be stiffest along <111> body diagonals, and between 20 – 100 GPa (A < 1) gallium 

arsenide tends to be stiffest along <100> cube axes.  

The calculated elastic parameters for cubic indium arsenide under the effect of 

pressure up to 100 GPa have been listed in Table 2. The mechanical stability 

conditions in Eq. (4) can validate the calculated stiffness constants within the entire 

pressure domain, 0 – 100 GPa. The obtained results of elastic constants for InAs meet 

the stability conditions, indicating that they are mechanically stable at high-pressure. 

(a)                                                                          (b)                     
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The calculated results for elastic constants at 0 GPa are slightly higher than both 

experimental and theoretical values. This might be associated with the potential force 

field used in this calculation. However, this does not affect the validity of these 

results, since they are within the acceptable limits of calculations using different 

classical potential force field. 

 

Table 2: Calculated elastic constants C11, C12, C14 (GPa) and other related elastic parameters 

for InAs at various pressure P(GPa). (B: bulk modulus (GPa), G: shear modulus (GPa), E: 

Young modulus (GPa), B/G: Pugh ratio, v: Poisson ratio,  : Kleinman parameter, A: 

Anisotropy factor, A*: degree of elastic anisotropy). 

 

a Ellaway and Faux (2003), b Gerlich (1963), c Victor et al. (2017), d Hellwege et al. (1982) 

 

Due to difficulty in measuring high pressure dependence of elastic parameters, there 

are no experimental values for InAs in the literature to compare with. Therefore, 

these results can be used as the basis for experimental work at high pressures for 

indium arsenide material. It is clear from Table 2 that, C11, C12 and C44 increase with 

increasing pressure. Also, C11 is more sensitive to change in pressure compared to C12 

and C44. Results obtained for bulk modulus B at zero pressure is consistent with other 

theoretical studies (Victor et al. 2017). As the pressure is increased to 100 GPa, B 

was observed to increase rapidly to 370.51 GPa. This means that increase in pressure 

enhances the resistance to external deformation for InAs. Shear modulus G for InAs 

was observed to increase monotonically with pressure. This indicates that the higher 

the pressure the larger the value of G. Hence, InAS becomes more resistant to change 

in shape due to shearing forces at high pressure. In Table 2, one can observe that 

P  C11  C 12  C 44  B  G  E  B/G v   A A*
(10

-2
) 

0 113.58     55.92     54.69     75.13 42.29   76.67 1.78 0.3299 0.6185 1.897 4.84 

(83.29b) (45.26b)   (39.59b) (58e)         

(83.0a) (46.7a)   (37.2c) (71.85c)        

(84.1c) (48.1c)          

10 161.65   88.06   67.71 112.58 53.01   99.53 2.12 0.3527 0.6624 1.840 4.39 

20 204.69 117.39   77.02 146.49 61.32 119.11 2.39 0.3645 0.6858 1.764 3.81 

30 244.38 144.76   84.14 177.96 68.18 136.67 2.61 0.3720 0.7011 1.689 3.26 

40 282.33 171.14   89.90 208.20 74.14 153.14 2.81 0.3774 0.7122 1.617 2.74 

50 318.45 196.40   94.58 237.08 79.33 168.59 2.99 0.3815 0.7207 1.549 2.28 

60 252.94 220.65   98.40 264.74 83.91 183.18 3.16 0.3847 0.7274 1.487 1.87 

70 387.23 244.84 101.64 292.30 88.12 197.55 3.32 0.3874 0.7330 1.427 1.51 

80 420.51 268.39 104.31 319.09 91.91 211.37 3.47 0.3896 0.7377 1.371 1.18 

90 452.90 291.38 106.49 345.22 95.32 224.75 3.62 0.3915 0.7417 1.318 0.99 

100 484.23 313.66 108.23 370.51 98.38 237.61 3.77 0.3931 0.7452 1.269 0.68 
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Young’s modulus E is sensitive to pressure. E increased from 76.67 to 237.61 GPa as 

applied pressure is increased from 0 to 100 GPa, meaning an increase in induced 

pressure improves the stiffness of indium arsenide, since Young’s modulus is a 

measure of stiffness of solid materials. This implies that InAs becomes extremely 

hard to be broken at high-pressure. Pugh ratio B/G was observed to increase from 

1.78 to 3.77 within the pressure range. Since B/G>1.75, it means that indium arsenide 

behaves as a ductile material from low to high pressure regime, and the ductility of 

this material increases with pressure. 

Poisson ratio v for this material was observed to increase from 0.3299 to 0.3931 as 

induced pressure increases from 0 to 100 GPa. This indicates that central force exists 

in this material since v > 0.25, and Poisson ratio increases with pressure. This is 

consistent with Victor et al. (2017). The Kleinman parameter which determines bond 

bending and bond stretching was observed to be 0.6185 at zero pressure and 0.7452 

at 100 GPa. This means that pressure reduces bond stretching in InAs, similar to our 

observation in gallium arsenide material. Furthermore, it was observed that elastic 

anisotropy factor A is not equal to one, indicating the existence of elastic anisotropy 

in InAs. From Table 2, increase in pressure reduces A from 1.897 to 1.269 for InAs. 

This means that InAs is stiffest along <111>  body diagonals. For cubic crystals, the 

degree of elastic anisotropy (A*) is calculated as 2 2* 3( 1) (3( 1) 25 )A A A A= − − +

(Bing et al. 2010). In this study, A* was found to decrease from 0.0484 to 0.0068 as 

induced pressure is increased from 0 to 100 GPa.  

 

Table 3. Calculated elastic constants C11, C12, C14 and other related elastic parameters for 

AlAs at various pressure P. (B: bulk modulus, G: shear modulus, E: Young modulus, B/G: 

Pugh ratio, v: Poisson ratio). 

a Gehrsitz et al. (1999),  b Li et al. (2013),  c Chetty et al. (1989)  
 

P 

(GPa) 

C11 

(GPa) 

C 12 

(GPa) 

     C 44 

     (GPa) 

   B 

       (GPa) 

G 

(GPa) 

E 

(GPa) 

 B/G       v 

0 120.77        57.34 67.26 78.48 49.73 83.84 1.58 0.3220 

   (120a)        (58.2a)       (57.6a)      (0.328a) 

   (119b)       (54.8b)        (60.4b)       

   (116c)      (55c)     (57c)      

10 170.37 90.81 83.27 117.33 61.90 107.21 1.89 0.3477 

20 214.83 121.54 94.70 152.54 71.36 126.99 2.14 0.3613 

30 255.92 150.37 103.95 185.55 79.18 144.60 2.34 0.3701 

40 294.92 178.04 111.33 217.00 85.95 160.88 2.52 0.3764 

50 64987.01 12078.70 31321.77 29714 29274.61 61200.76 1.01 0.1567 

60 67358.46 7352.81 31996.50 27354.69 31183.54 65911.18 0.877 0.0948 

70 67492.72 7067.77 32036.41 27209.41 31293.99 66152 0.869 0.0948 

80 67625.79 6783.16 32076.41 27064.03 31403.79 66389 0.818 0.0912 

90 67757.73 6498.87 32116.18 26918.49 31512.98 66620 0.854 0.0875 

100 288.15 173.22 110.13 211.52 84.82 158.08 2.490 0.3754 
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For AlAs, results obtained at zero pressure are in agreement with both 

experimental and theoretical values (Chetty et al. 1989, Gehrsitz et al. 1999, Li et al. 

2013). All calculated elastic parameters increased with pressure up to 40 GPa (Table 

3). Beyond this point, we observed a drastic jump in the values of C11, C12, C44, B, G 

and E, and sudden drop in values of v and B/G. This behavior was observed between 

50 to 90 GPa. Again, at  100 GPa there was sudden drop in the values of C11, C12, 

C44, B, G and E. Whereas, a jump in values of v and B/G was observed. This behavior 

might be associated with phase transition that might have occurred at these respective 

pressures. It was observed experimentally that between 12.4 – 14.2 GPa, zincblende 

AlAs undergoes phase transition to nickel arsenide phase (NiAl-AlAs) (Foyen and 

Cohen 1983, Weinstein et al. 1987). Theoretically, it has been reported that at 77.9 

GPa phase transition from NiAl-AlAs to CsCl-AlAs phase was observed (Mujica et 

al. 1995). 

The calculated values of stiffness constants (C11, C12, C44) and B modulus support 

both the structural and cubic stability conditions for AlAs within the pressure range 

50 – 90 GPa. However, the cubic stability condition C12 < B < C11 was violated since 

C12 > B at 100 GPa. This might be as a result of phase transition to the unstable CsCl-

AlAs phase at 100 GPa. This implies that AlAs becomes unstable at high pressure 

above 100 GPa. From our results, at zero pressure, 50, 60, 70, 80 and 90 GPa, Pugh 

ratio is less than 1.75. This suggests that AlAs is brittle at these pressures. Whereas, 

from 10 – 40 GPa and 100 GPa AlAs material shows ductile behavior. Additionally, 

Poisson’s ratio for this material was observed to decrease as pressure increase from 

50 to 90 GPa. Since Poisson’s ratio suggests stability of crystal against shear 

deformation, larger values implies better plasticity. Therefore, between the pressures 

0 – 40 GPa, AlAs show better plasticity behavior, and between 50 – 90 GPa, AlAs 

exhibits lesser plasticity. 

5   Conclusions  

This work has described the elastic and mechanical properties of GaAs, InAs and 

AlAs under high pressure up to 100 GPa. Results obtained at zero pressure are 

consistent with some of the experimental and theoretical values previously reported. 

According to the Born mechanical stability condition, GaAs and InAs are 

mechanically stable under the entire high-pressure region, while for AlAs the 

stability condition is violated at 100 GPa. Calculated Young, bulk and shear moduli, 

Poisson ratio, anisotropy factor, degree of anisotropy, Kleinman parameter and Pugh 

ratio indicated that the ductility of GaAs and InAs will be enhanced with pressure. 

The aluminum arsenide material was found to be brittle under 50 – 90 GPa and 

unstable at 100 GPa. 
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