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Abstract. Elastic and surface properties of Ω phase have been studied by using the first-principles 

calculations based on density functional theory. The elastic properties results show that Ω structures 

are more inclined to resist shear deformation than volume deformation, and the precipitation of Ω 

phase enhances the strength of the alloy, but reduces the ductility of the alloy. The surface 

relaxation, surface energy, and the corresponding electronic structure are calculated and analyzed to 

reveal surface properties of Ω phase. The calculated results are in accordance with the experiment 

results and calculated results of others, which provide theoretical reference for further practical 

applications of the alloys. 

Introduction 

Al-Cu-Mg-Ag alloys are promising aerospace materials because of their high strength and excellent 

stability at elevated temperature. For compositions with high Cu: Mg ratios, the high strength and 

excellent stability are attributed to precipitation of Ω phase on the{111} aluminium matrix[1-2].The 

second precipitates phase properties, as well as their morphology and distribution, that essentially 

control the mechanical property of the alloys. The purpose of the present work is to study the elastic 

and surface properties of Ω phase by first-principles calculation based on density functional theory, 

aiming to get information about elastic constant, bulk modulus, shear modulus, Young’s modulus, 

and Poisson’s ratio of Ω phase; to get information about surface structure relaxation, surface energy 

and stability for different termination of (100), (010), and (001) surfaces. 

Methodology 

The Vienna ab initio simulation package (VASP) was used to perform all the calculations. The 

Perdew–Burke–Ernzerh of formulation and the generalized gradient approximation (GGA) were 

employed to treat the electron exchange and correlation [3-4]. A conjugate-gradient algorithm was 

used to relax the ions. 

In order to assess the accuracy of our computational method, specifically the used pseudo 

potentials, we firstly performed a series of calculations on Al, Cu, θ structures. The results were in 

good agreement with experimental and calculated results of others. So the used theoretical 

methodology and the calculated lattice parameters are reliable. 

The crystalline structure of Ω phase used in this work are the widely accepted orthorhombic 

structure (Fmmm, a=0.496nm, b=0.859nm, c=0.848nm) in ref [5]. 

 Elastic Prorerties  

The elastic constants were calculated by second-order polynomials fitting for different distortion 

energies versus their distortions. The energy of different small distortion can be expressed as [6]: 
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The Bulk modulus, Shear modulus, Young’s modulus and Poisson’s ratio of Al, Cu, θ and Ω 

structures are calculated in Table 1. 

Table 1 Calculated bulk modulus B, shear modulus G, Young’s modulus E, B/G, Poisson’s ratio v 

of Al, Cu, θ and Ω structures  

Phase B(GPa) G(GPa) B/G E(GPa) v 

Al 77.41 28.09 2.76 75.18 0.34 

 71.70[9] 27.20[9] 2.64 72.40[9] 0.33[9] 

Cu 141.39 49.00 2.89 131.77 0.34 

 129.60[10] 48.30[10] 2.68 136.40[10] 0.34[10] 

θ 99.36 42.14 2.36 110.76 0.31 

 113.40[7] 41.40[7] 2.74 109.90[7] 0.34[7] 

Ω 91.71 68.38 1.34 164.31 0.20 

According to the Pugh criterion, the critical value separating ductility from brittleness is about 

1.75[8].As we can see from Table 1, the precipitation of Ω phase enhances the strength of the alloy, 

but reduces the ductility of the alloy. 

Surface Properties 

There are six terminations in Ω phase: Al1 (Al2), Al2 (Cu), Cu (Al2) and Al2(Al1) for (001) and 

(010) surface slab, Al(Cu), Cu(Al)for (100) surface slab. When the Al1-Al2 bond is broke, there 

will be two kinds of surfaces. One is the Al1 (Al2) (001) and the other is the Al2(Cu) (001)-

termination, where the letter in brackets represents the subsurface atom.  

Surface Energy and Stability 

The surface energy i can be calculated as follows [11]: 

][
2

1

0

TSPVNNE
S

CuCuAlAl
i
slabi  

 (2)

 

When the different chemical potentials between the individual elements and the elements in pure 

bulk equals zero, i becomes the surface energy. The results of i  are presented in Table 2.   

Table 2. Surface energy (in J m-2) for each termination 

Surface (010) (001) (100) 

Al1(Al2

) 

Al2(Al1) Al2(Cu) Cu(Al2) Al1(Al2) Al2(Al1) Al2(Cu) Cu(Al2) Cu(Al) Al(Cu) 

Energy 2.0004 2.5957 1.6360 2.1702 1.4696 1.8617 1.1874 1.6939 1.9956 1.6230 
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Fig.1 .Surface energy as a function of Cu chemical potential for (a)four termination (001) surfaces; 

(b) four termination (010) surfaces; (c) two termination (100) surfaces. 

The surface energy of (001), (010) and (100) surfaces of Ω as a function of Cu is presented in 

Figure 1. It can be seen from Figure 1(a), the Al2 (Al1) (001)-termination is most stable in low Cu

range. With the increase in Cu , the Al1 (Al2)(001)-termination and Al2(Cu)(001)-termination 

become more stable. From Figure1 (b), Al1(Al2)(010)-termination and Al2(Cu)(010)-termination 

have the least surface energy respectively in different Cu chemical potentials range among all 

terminations for (010) surface slab. From Figure 1(c), Al (Cu) (100)- termination is more stable 

through the whole Cu  range. 

Surface Structure Relaxations 

The relaxation of different terminated slabs for Ω surfaces has been calculated, and the results are 

presented in Table 3.   

Table3. Layers displacement and interlayer distance variations of different terminated slabs of 

Ω(001) surface:(a) Al2(Cu)(001)-termination; (b) Al1(Al2) (001)-termination; (c) Al2(Al1) (001)-

termination; (d) Al(Cu) (100)-termination 

 

Surfac

e 

(001)  (100) (010)  

Al2(Cu) Al1(Al2)  Al2(Al1)  Al(Cu) Al1Al2 Al2Cu 

Δz1 -0.1551Å  0.1025Å  -

0.2400Å  

-0.0457Å  -

0.3056Å  

0.0178Å  

Δz2 0.0324Å  0.3475Å  0.1490Å  0.1096Å  -

0.0213Å  

0.0087Å  

Δz3 -0.0815Å  0.0240Å  -

0.0673Å  

0.0508Å  -

0.1640Å  

-

0.0286Å  

Δ12 -26.26% -17.30% -27.09% -12.84% -1.04% 0.06% 

Δ23 15.96% 45.96% 15.06% 4.86% -0.07% 0.03% 

Δ34 -5.68% 3.41% -9.43% 4.20% -0.59% -0.11% 

The largest relaxation is found in the first layer for Al2(Cu)(001)-termination, Al2(Al1)(001)-

termination and Al1(Al2) (010)-termination, whereas the largest relaxation of Al1(Al2)(001)-

termination and Al(Cu)(100)-termination are found in the second layer, and the third layer of 

Al2Cu(010)-termination has the largest relaxation. 
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Conclusions 

The elastic and surface properties of Ω phase have been studied by using the first-principles 

calculations. It is concluded that, 

(1) Structures are more inclined to resist shear deformation than volume deformation. The 

precipitation of Ω phase enhances the strength of the alloy, but reduces the ductility of the alloy. 

(2)Al2(Al1)(001)-termination, Al1(Al2)(001)-termination, and Al2(Cu)(001)-termination have 

the least surface energy in different Cu chemical potentials range among all the terminations for 

(001) surface slab. For the terminations of (010) surface slab it is found that Al1 (Al2)(010)-

termination and Al2(Cu)(010)-termination have the least surface energy in different Cu chemical 

potentials range. Cu (Al) (100)-termination has the less surface energy throughout the whole Cu 

chemical potentials range between the two terminations for (100) surface slab. 

(3)The largest relaxation is the first layer for Al2(Cu)(001)-termination, Al2(Al1)(001)-

termination and Al1(Al2) (010)-termination, whereas the largest relaxation of Al1(Al2)(001)-

termination and Al(Cu)(100)-termination are found in the second layer, and the third layer of 

Al2Cu(010)-termination has the largest relaxation.  
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