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Fig.1  Constructed low-index surface models of D0

22

-Al

3

V: (a) nonstoichiometric (001) surface with AlV termination, (b) nonstoichio- 

metric (001) surface with Al termination, (c) stoichiometric (100) surface, (d) nonstoichiometric (110) surface with AlV 

termination, (e) nonstoichiometric (110) surface with Al termination, and (f) stoichiometric (111) surface (the pink and grey balls 

represent Al and V atoms, respectively) 
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Fig.2  Relationship between surface energies of low-index sur- 

faces and chemical potential difference of Al 
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� 3  (2×1)-(110)-Al��#�� O�$��% 

Fig.3  Top view of Al terminated (2×1)-(110) surface with 

possible oxygen adsorption sites (large and small balls 

represent the first and second surface layers, respectively; 

pink and grey balls represent Al and V atoms, respectively; 

the smallest red balls represent the possible oxygen 

adsorption sites) 
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Table 1  Oxygen binding energies at different adsorption 

sites (eV) 

Adsorption site T B

1

 B

2a

 B

2b

 H

3

 H

4

 

Binding energy –4.09* –4.09 –3.94 –3.41 –4.13 –3.50 

*After optimizing, O atom moves to B

1

 site 
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Table 2  Average oxygen binding energies at different adsorption sites with the coverage in the range of 0<Θ�

��

�1 (eV) 

Adsorption 

site 

Oxygen coverage, 

0.25 ML 

Adsorption 

site 

Oxygen coverage, 

0.5 ML 

Adsorption 

site 

Oxygen coverage, 

0.75 ML 

Adsorption 

site 

Oxygen 

coverage, 1 ML 

B

1

 –4.09 B

1

B

1

 –4.0 B

1

B

2a

B

1

 –4.15 B

1
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2a

B

1

B

2b

 –4.22 

B

2a

 –3.94 B

1
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 –4.15 H

3
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3
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3
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3
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 –3.98 
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Table 3  Doped energy (E

d

) for alloying elements at Al

3

V-(110) 

surface with the depth of defective layer (eV) 

Replaced atom 1st layer (Al) 2nd layer (Al) 2nd layer (V) 

E

d

 (Ti) 0.96 0.10 –0.51 

E

d

 (Cr) 1.15 0.86 0.41 
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Table 4  Average oxygen binding energies at doped Al

3

V-(110) 

surface (eV) 

Oxygen coverage/ML 0.25 0.5 0.75 1 

E

b

 (Ti alloyed surfaces) –4.40 –4.16 –4.11 –4.28 

E

b

 (Cr alloyed surfaces) –4.28 –4.30 –4.26 –4.28 

E

b

 (Al

3

V surfaces) –4.09 –4.15 –4.15 –4.22 
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 0.25 

ML *�O �FG� B

1

��Pxy 2 � Al � 

{|
 0.174 nm�P� 2	 V� {|
 0.326 nm�

}./ O �Pxy 2 � Al �~��A�&ST

U
 0.5 ML*�O�tuFG� B

1

� B

2a

���$

��� 1 	 Al �z{���B

2a

� O2 �t

uP� 1	�� 2	 2� Al�~��A��z{

tu
 0.179� 0.195 nm&STU
 1 ML*�FG�

B

2b

� O4�tuP� 1	 Al��� 2	 V

�~��A��O-Alz{
 0.182 nm�O-Vz{
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l_- no�PA��_- noQE�& 
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Table 5  Distance between O and Al atoms of Al

3

V-(110) surface at different oxygen coverages (×10

-1

 nm) 

0.25  0.5  0.75  1 

Oxygen coverage/ML 

O1  O1 O2  O1 O2 O3  O1 O2 O3 O4 

Al

3

V surfaces 1.74  1.73 

1.79 

1.95* 

 1.72 

1.78 

1.90 

1.75  1.72 

1.80 

1.87 

1.71 

1.82 

1.98(V) 

Ti alloyed surfaces 

1.78 

2.27(Ti) 

 1.77 

1.79 

1.98 

 1.73 

1.80 

1.89 

1.74  1.71 

1.80 

1.89 

1.71 

1.83 

1.94(Ti) 

Cr alloyed surfaces 1.73  1.72 

1.78 

1.94 

 1.71 

1.78 

1.90 

1.75  1.71 

1.80 

1.87 

1.71 

1.81 

2.05(Cr) 

*One of the Al atoms adjacent to O2 is in the second layer; one of the adjacent atoms to O4 is the V(Ti/Cr) atom in the second layer 
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Fig.4  PDOS of Al

3

V surfaces: (a) clean surface, (b) 0.25 ML oxygen adsorbed surface, (c) 0.25 ML oxygen adsorbed on Ti alloyed 

surface, and (d) 0.25 ML oxygen adsorbed on Cr alloyed surface 
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Abstract: Based on the density-functional theory, the stability of low-index surfaces of Al

3

V intermetallic was analyzed by first-principles 

calculations. The adsorption of oxygen on Al

3

V surface and the effects of alloying elements were studied with the most stable surface. The 

results show that Al-terminated (110) surface is the most stable surface. The adsorption of oxygen prefers to occur at bridge sites of the 

surface, and it becomes more stable when the coverage increases. It can be inferred from the density of states (DOS) analysis and the 

distance between O and other atoms that at the initial stage, the oxidation of Al atoms and internal-oxidation of V atoms occur, suggesting 

the protective Al

2

O

3

 scale can be formed after oxidation. Ti and Cr atoms prefer to substitute V atoms in the 2nd layer. The substitution of 

the atoms can improve the adsorption stability of oxygen on the surface, while their mechanisms are different. On the one hand, 

interactions between Ti and O atoms are strong, so the interactions between Al and O atoms are weakened after Ti substitution occurs, 

which means both Ti and Al can be oxidized to form mixed oxides. On the other hand, Cr substitution slightly enhances the interactions 

between Al and O atoms, which makes the O adsorption more stable; as a result, the oxidation degree of Al atoms may improve, and thus 

the protective Al

2

O

3

 scale can be formed. 

Key words: first-principles; Al

3

V surfaces; oxygen adsorption 
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