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Adsorption and Vibration of Oxygen Atom on Al(100), (110), (111) Planes
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Abstract:

(5-MP). All critical characteristics of this system, such as adsorption site, adsorption geometry, binding energy, and

Adsorption of O atom on Al low index surfaces was inverstigated with the 5-parameter Morse potential

eigenvalue for vibration, were obtained. All critical characteristics were regarded as probe to analysis the adsorption
system systematically, the comprehensive adsorption characters were found out. The calculated results showed that O
atoms were located at the three-fold hollow site and the octahedral site of the Al(111) with the perpendicular vibrational
mode 621(619) cm™ and 464 cm™, the parallel vibrational mode 880 (887) cm™ and 437 cm™. For Al(100) system, O
atoms were located at the four-fold hollow site and the tetrahedral site. With respect to Al(110) system, the preferential

adsorption states were the quasi-3-fold site and the octahedral site rather than the long bridge site.
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Fig.1 Cluster models and surface adsorption sites for low index surfaces of Al(100), (111), (110)
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Fig.2 Cluster models and subsurface adsorption sites for low index surfaces of Al(100), (111), (110)
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x1 O-AIXRENRZRS5SH
Table 1 Five parameters for 0-Al system
System D/eV B/mm™ R,/nm Q,/nm Q,/mm
0-Al 0.209 28.43 0.18746 1.695 0.01

D is the binding energy parameter; 3, R, are the parameters of
vibration and equilibium distance, respectively;

O, and Q- are two simulating parameters.
SRR F (19 A AE Pe AR TSRO _E 1 SR B A
ik 5 28, fi 2 T B B B3 =M 2
RIS RS o K 3y g 2 R AR R AR Y 5 S50
FINIFER .

2 #R5ie

F 5-MP # U(R )%t O-Al fIL45 i vk R E17 T
RAEMSRE, 158 1T 2FIG F SRR (L2 2). H,
N HEJRTFAENG S S AL AL EF ) B i S8 B 7 5
H, A IR SLIETITIR, E, RHESGRE, f AT rIR
ENIIRSN (F Ff) 53500 R T BLAR sh AR A1 TR
B, Roa AT S5 AR RN AL I F K,
Z WARETFIE R . 3R 3 4 T AR H

£2 O-AlERIEFSMER
Table 2 Critical characteristics of O-Al surface systems

O-Al Site N A Ey/eV fylem™ fi/em™  Ron/nm Z/nm

(111) fec 3 0 583 880x2 621 0.185x3 0.083

hep 3 0 585 887x2 619 0.185x3 0.082

O, 6 0 956 437x2 464 0.202x3, -0.118
0.203x3

B 4 1 435 943 750 0.184x2, 0.115
0.274x2

T 1 2 218 854 0.184 0.184

(110) H; 3 0 584 848, 612 0.185x3 0.020

885

O 6 0 897 434, 458 0.202x4, -0.143
437 0.203%x2

LB 4 0 692 227, 735 0.186x2,  -0.025
874 0.204x2

SB 2 1 397 903 729 0.185x2 0.117

T 1 2 208 837 0.185 0.185

H 4 2 374 916 0.251x4 0.040

(100) H 4 0 798 336x2 844 0.203x4 -0.017

T, 4 0 707 1363, 1366 0.175%x4 -0.100

1380
B 2 1 403 903 731 0.185x2 0.117
T 1 2 213 844 0.184 0.184

N denotes the number of nearest neighbors between the O atom at
critical points and Al atom. A denotes the number of the negtative
eigenvalues from Hessian matrix; E, denotes the adsorption heat into
the molecular state; f'is the elastic vibration frequency for O—Al (f:
parallel vibration model; f,: perpendicular model); Ro—y is the bond
length of the O—Al bond; Z is the vertical distance between the center
of mass and the surface.
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3 T Head i Frederick 2 22 BF 57 45 5 . Head ™A
7t HREELS™rR H B 800—-850 ecm™ AR B 1%
HE5 N fec = FEALHPATRIER S, 1WA N 5
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Table 3 Comparison between the results of
this work and literatures

O-Al System Experiment Theroy This work
Zinm 111 A 0.07%%0.06-0.07"" 0.071-0.082% 0.082, 0.083
B 0.175%! -0.118
100 A 0.01, 0.03, =0.01*" -0.01"% -0.017
Rmm 111 A 0.165", 0.179%* (.179-0.184" 0.185
B 0.204% 0.202, 0.203
110 A 0.19" 0.185
100 A 0.2021"1 0.203
flem™ 111 325, 645, 845" 545-650,%, 464" 437"
3238, 645°, 847" 800-850,"* 621 (619),°,
5244, 589, 847" 880 (887) /"
110 666°, 453, 8007 612 % 458 °,
4345, 437 7,
848", 885"

A) surface, B) subsurface, a) 3-fold hollow site
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Hh R R ISR A S A A A T K Y
T, ASCHEF R YR E T /E RS 0y, I
AR T I E RS 458 em™, AT B AR K
434,437 cm™. 1 AL(111) T AR AL, AL(110) T _F /) F
FAA /N AR TE B AR SN0 A TR SR AH 2
AR, FESLH EAPEARH, A SO 45 R S
Thiry 2] HREELS 3256 H 15 5] 453 cm™ (3315
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1800 cm™ # I 25 hy 12 TR B2 A 4IR shis=X, Ax
SCIACK 800 em™ i A J 4 = 07 P-4 7 2 T AR B4
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(1) 7€ AL 1)1 |, O JiF B A7 e R i — 5
N RN -2 1T\ TS P2 B 285 T H AR 2 621
(619) cm™ Ay = H AV (1) I ELFR IR S 42K, 880(887)
cm™ S = HAPAT R EHR SR, E TR\
TR T34 2 3 ARSI 464 cm™, AT
AR R 437 em™.

(2) TEALL00)TH |, OJit— AL PO F il o7 A%
T DS A 57 A AT W2 86 T A AT A Ak AT W o 5
T DY EE AN RN T P AR AR SR

(3) 7E AI(110)1H I, O J5iF F7E 15 44 = 5 {7 Al
T N ARNL AN T B, AR KA A=0 B h
T RE W BT, E A AR (v Ak A — o 7 7 5 1T K
AR 612 cm™ Sy i H = 5 A3 A4 3 T2 1H 4R sh A
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RPHEAS B 7R AR T I LR SR Ol 458
em™, PATHRENAN AN 434 437 cm™.
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