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Fig.1 Constructed low-index surface models of D0,-Al5V: (a) nonstoichiometric (001) surface with AIV 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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faces and chemical potential difference of Al
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Table 1 Oxygen binding energies at different adsorption
sites (eV)
Adsorption site T B B-. By H; Hy

Binding energy —-4.09* —4.09 -3.94 -3.41 —4.13 -3.50
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Table 2 Average oxygen binding energies at different adsorption sites with the coverage in the range of 0<0<1 (eV)

Adsorption  Oxygen coverage, Adsorption  Oxygen coverage,  Adsorption Oxygen coverage, Adsorption Oxygen
site 0.25 ML site 0.5 ML site 0.75 ML site coverage, | ML
B, —4.09 BB, —4.0 BB2.B: —4.15 BB2.,B1B2s —4.22
Boa -3.94 B1B2, —4.15 H;3;H3H; —4.0 H;3;H3H3H; -3.98
Bay -3.41 H;H; —4.05
Hs —4.13

M 3 A, ALV-2x1)-(110)-A1 R 1 24 4 LIMMLL, B A 0.25 ML I, Ti B2 ALV £ O
ANALEF, B2 23024 ALFI 24V sir, Btk G W B R A PR R BG In, Bit A 7 5 B I, WRBH O 1Y
&0 Ti M Cr i BEHUACEE 1 )2 AL ST, B et RoE MR G T M. Mtk 2 R, Cr 323K 10 O WLt
F2REAETE VIR, SETRENFERS IR E MRS T, MG ReRlE &5 IR A E . N
ZRAeA TR 3. HE 3 PEIETLEH, f80ER it LoRE, Ti M Cr B AAE A O Wb 3 s
Ti #1 Cr PAREE 2 2 V i FIRe s A%, Ui Ti A0 SE M BEUH Ti A1 Cr R3E T O J5 775 3K 1 1 W B
Cr ¥+ 58556 2 2 V IR 74h, TiBR V. 2.3 REEW

JRF B ahe i, Cr R V RTINS 2ae M IE, Bt H T ITAE ST, XU AE R T By BB 1By, A2 O
B Ti B 2 AT £E 2R 1 o JEF 5595 01, 02, 03 F1 04, O JRFWe e

S TR IR 2 2 VTR O B TAE R 'S ARE AL TR RIBES) T2 5 b B IE 025
RIS R, BIFT 54055 ALV-(110)-Al i ML I, O B UM B, 7, S4BT 2 /4 Al B T
O J& FWRIN A . tH S RINK 4 Prox, 2R BRSO 0.174 nm, 555 2 )2 V sl 7 HIEEE ) 0.326 nm,
MO LA R T R 4, 3 4 VB, SAF  JXB O BT 5400 2 4 Al TR S. Bk

By 0.5 ML I, O 5T 43 BUBLIHAE By A By 7., il T

B BEARBRALV-UIOREAIRTRVEFOBRE i |20 ALK TRIHRL, Bl 02 K74
Table3 D nergy (Eq) for alloying elements at Al;V-(110 - o o o ‘

a su(;'lzzgeewftl:g}t’h(e d)ep(:h of(()i);feft:vz l:yels« (eV) o il !35% 1JEMEE 2 Z1H 2 Al Eﬁ?ﬁjﬁkﬁ%é’ e

Replaced atom  Ist layer (Al) 2nd layer (Al) 2nd layer (V) S5k 0.179 K1 0.195 nm. 75 E 4 1 ML IS, W7

Bay B[ O4 JE T4 B3 55 15200 ALCT RIS 2 B2 V

Eq4 (Ti) 0.96 0.10 -0.51
E4 (Cr) 1.15 0.86 0.41 Jﬁ%%hkgiéﬁﬁ; 0-Al IE—'JEE?"] 0.182 nm, O-V I‘ﬂﬁﬁj’g
0.198 nm. BEA & SERG 0N, [FJAE LB M O-Al [A] R
T4 EETEBLALV-(110)FREB O RFEERE H LR, 5555 68 FEAG I A& 3AH8 6 NV o
Table 4 gl:izzfi:\t))fgen binding energies at doped Al;V-(110) BT AT IS, BXIEN 025 ML I, O BET5
A3 N i ST 15 2=
Oxygen coverageML 025 0.5 0.75 1 W2 A ALJRT B 0.178 nm, {HARE R,
Ey (Ti alloyed surfaces) —4.40 —4.16 —4.11 428 O-Ti Jil ¥ IEE 7y 0.227 nm. BN Ti Jiy 0 F- 3R 0I5 2

Ey (Cralloyed surfaces) —4.28 430 -4.26 -4.28 Z, (Rl T Ti i 75 O JR 72 MR A 5G], &
Ey (Al;V surfaces) —4.09  -4.15 415 -422 OTiJE TR RmES), O AT kNS, HoJET

x5 TRBZER ALV-(110)REH O-Al & B
Table 5 Distance between O and Al atoms of Al;V-(110) surface at different oxygen coverages (X 10" nm)

0.25 0.5 0.75 1
Oxygen coverage/ML
Ol Ol 02 Ol 02 03 Ol 02 03 04
1.79 1.78 1.80 1.82
ALV surfaces 1.74 1.73 1.72 1.75 1.72 1.71
1.95% 1.90 1.87 1.98(V)
. 1.78 1.79 1.80 1.80 1.83
Ti alloyed surfaces . 1.77 1.73 1.74 1.71 1.71 .
2.27(Ti) 1.98 1.89 1.89 1.94(Ti)
1.78 1.78 1.80 1.81
Cr alloyed surfaces 1.73 1.72 1.71 1.75 1.71 1.71
1.94 1.90 1.87 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;V surfaces: (a) clean surface, (b) 0.25 ML oxygen adsorbed surface, (¢) 0.25 ML oxygen adsorbed on Ti alloyed

surface, and (d) 0.25 ML oxygen adsorbed on Cr alloyed surface
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First-Principles Study on the Adsorption of Oxygen on Al;V Surfaces

Gao Xiang', Zhang Guikai’®, Xiang Xin®, Luo Lizhu', Wang Xiaolin’
(1. Science and Technology on Surface Physics and Chemistry Laboratory, Jiangyou 621908, China)
(2. Institute of Materials, China Academy of Engineering Physics, Jiangyou 621907, China)
(3. China Academy of Engineering Physics, Mianyang 621900, China)

Abstract: Based on the density-functional theory, the stability of low-index surfaces of Al;V intermetallic was analyzed by first-principles
calculations. The adsorption of oxygen on Al;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,Oj; 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,O3 scale can be formed.
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