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Fig. 1. Schematic diagram of O/Pd(100)—p(2X2),
In the top view the adsorbed oxygen atom
attracts its four nearest Pd atoms as in—
dicated by arrows, thus resulting lateral
displacement of the top—layer Pd atoms
from their bulk positions, Dashed lines in—
dicate a (2X2) unit cell, In the side view ho
represents the vertical height of oxygen
atoms from the first Pd layer, di2 and dgs
represent the first and second interlayer
spacing, respectively, Since the surface lay—
ers are rumpled by oxygen adsorption, the
height of a layer is defined as the average
height of all atoms in the layer, Azy repre—
sents the rumpling in the second Pd layer,
defined as the maximum separation in the
vertical direction among Pd atoms,
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Table I, Structural parameters of O/Pd(100)—p(2X2) shown in Fig, 1. do and ho represent the O—Pd
bond length and the vertical height of oxygen atoms, respectively, Adi (Adgs), &%, and A
z, represent the change of the first (second) interlayer spacing relative to the bulk value,
the lateral displacement of the top—layer Pd atoms, and the rumpling in the second Pd layer,

respectively.
Methods do (A) ho (A) Adyy (%) Adas (%) Ax; (A) T Azy (A)
Present theory 2.15 0.85 +0.8 -0.3 0.008 0,168
LEED? 2.11+£0,03 0.83+0,02 +3.6%0.8 0+0.8 0%0,015 0.115+0,010
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Fig. 2. Equilibrium structures of H+O/Pd(100)
—p(2X2) at ©4=0,25 ML, In each struc—
ture hydrogen adsorption site is
indicated, Adsorption energy of hydrogen
atom E, and the vertical height of oxygen
atoms heo are also included, Here, E, is
defined as the energy gain per hydrogen
atom relative to a free Hy molecule,
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drogen adsorption geometries are re—
garded as the configuration of hydrogen
atoms remaining on the O/Pd(100)-
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Table II. Calculated structural parameters of H+O/Pd(100)—p(2X2) at different H coverages, The
hydrogen adsorption sites are shown in Fig, 4. All parameters are defined in the captions

of Table I and Fig. 1.

On (ML) do (A) ho (A) Ady (%) Adas (%) Ax (A) Azy (A)
0 2.15 0.85 +0.8 -0.3 0.008 0.168
0.25 2.14 0,80 +3.5 -0.2 0.002 0,133
0.5 2.14 0.83 +5.4 +0.6 0.008 0.144
0.75 2.14 0,84 +7.1 +0.4 0.012 0,149

=3

99Ix] 15(4), 2006

363



8 0.20
6 | O/Pd(100)-p(2x2) 0.16 1
—_ LEED (Ref. 5)
2 =3
~ 4 T 02k
- N
ke
3 <
2 0.08 | O/PA(100)-p(2x2)
T LEED (Ref. 5)
0 —— : 0.04 4 ‘ 4
0.0 0.2 0.4 0.6 0.0 0.2 0.4 0.6
H coverage (ML) H coverage (ML)
Fig. 5. Change of the first interlayer spacing Ad;; Fig. 6. Rumpling in the second Pd laye}" Azg of
of H+0O/Pd(100)—p(2X2) as a function of H H+0/Pd(100)-p(2X2) as a function of H

coverage. The hydrogen adsorption sites
are shown in Fig. 4, Circles represent the
calculated points. For comparison, previous
LEED data for O/Pd(100)-p(2X2) is

coverage, The hydrogen adsorption sites
are shown in Fig. 4, Circles represent the
calculated points which fit to a linear
curve, The amount of remaining hydrogen

atoms in previous LEED sample is interpo— included,
lated from the linear relation.
ML-1.0 MLell H]8iA] = [14] &-& Foitt, 126, 163 (1983),
[2] K. H. Rieder and W, Stocker, Surf, Sci.
Iv. & 2 150, 166 (1985).
[3] S. L. Chang and P, A, Thiel, J, Chem. Phys,
DFT AXE 483l 0/Pd(100)-p(2x2) EWe) 88, 2071 (1988).
FA725 A7 Hollow 9|0l S38F AAg (4] G. W, Simmons, Y. N. Wang, J. Marcos,
e Pd YAET 215 A A¥ARZ AT and K, Klier, J. Phys, Chem, 95, 4522
T HA Pd ZolA ~0,17 AY 32T ISR, (1991).

F2A22 T2 B tia] AAre A3, $27) (5] D, Kolthoff, D, J rgens, C. Schwennicke,
L 7% H)8] LEED AdoA =4 0/Pd(100)— and H, Pfn r, Surf Sci, 365, 374 (1996),
p(2x2)8 FZAF 1] IREIYT), F29 F2ako) [6] G. Zheng and E, I. Altman, Surf, Sci. 504,

me Tz ¥4 59 LEED 4ol A 253 (2002).
Agol 4 REFL F 0.3 MLE 2T = 9lgich [7] R. J. Behm, K. Christmann, G, Ertl, M. A,
B AZL 4 BgBo| pa(100) Alggr ol)g Axr} Van Hove, P, A Thiel, and W, H,
349 Pd(100) A BAE A8 & 9SS HaZFr} Weinberg, Surf, Sci, Lett, 88, 159 (1979).
[8] J. Quinn, Y, S, Li, D, Tian, H, Li, F, Jona,
:7::"”'9-' 2 and l; M. Marcus, Phys, Rev, B 42, 11348
(1990).

[9] J. Burchhardt, E. Lundgren, M, M, Nielsen,

B A7 m8QAAd Y AdoR BE0e0E
o} J. N. Andersen, and D, L, Adams, Surf,

Aol L& YAt (KRF-2005-041-
Rev. Lett, 8, 1339 (1996),
C00129).
[10] M. Methfessel, D, Hennig, and M,
’.'é.’ =R Scheffler, Phys. Rev, B 46, 4816 (1992).
[11] S, Wilke, D, Hennig, and R, L. ber, Phys,
Rev, B 50, 2548 (1994).
[1] C. Nyberg and C. G. Tengst 1, Surf. Sei.  [19) A Richler. J Hafner, and G. Kresse, J.

364 Journal of the Korean Vacuum Society 15(4), 2006



Phys.:

Kirschner,

[17] D. Vanderbilt,

WERE

(1990).
[18] £ AFdM e Ao &S A8 €
Aotk FZAIZ WA slab T2E

99X} 15(4), 2006

Condens, Matter. 8, 7659 (1996).

[13] S. H. Kim, H, L, Meyerheim, J, Barthel, J,

Jikeun Seo, and J, S, Kim,
Phys. Rev. B 71, 205418 (2005).

[14] S. C. Jung and M, H, Kang, Phys. Rev. B
72, 205419 (2005),

[15] G. Kresse and J, Furthm
B 54, 11169 (1996).

[16] J. P, Perdew,
Solids 91,

ller, Phys, Rev,

in FElectronic Structure of
edited by P, Ziesche,
Eschrig (Akademie Verlag, Berlin, 1991).

& gotel MRz of2AL AT

supercell ¥3& &t} HUA slabTZolA]

E & LASE dipole momentd] 7|93
= HEAAA Al Vg7t 8948 ¢ e
dl, ¥ dFME 0,25 MLY 247} &
3 A% +0.04 ev/ A, 1 MLY] 2927} &3
3t 739 +0.01 eV/ A <] A7 o] AU, o
& A7)% ol ALtd el vAe & vng A
°2A dF Fo2 749 A slab AEF
oko] vimolA Yehde EHRFRYFY Aole
o AFE A4t s FEAd O 2F
He S Rl

[19] M, Wilde, M, Matsumoto, K, Fukutani, and

T. Aruga, Surf, Sci, 482, 346 (2001),

[20] C. Nyberg and C, G, Tengst 1, J. Chem,

Phys, 80, 3463 (1984),

365



<<Research Paper>> Journal of the Korean Vacuum Society Vol.15 No.4, July 2006, pp.360~366

First-Principles Theoretical Study of the Surface Structure of
O/Pd(100)-p(2%2) and the Effect of H Impurities
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We have performed density functional theory calculations for the
surface structure of O/Pd(100)—p(2%X2), formed by the adsorption of
oxygen atoms of 0,25 ML, The oxygen atoms adsorb preferentially at
the fourfold hollow site, and the calculated O—Pd bond length is 2 15
A . The first interlayer spacing (diz) of Pd(100) expands by +0.8% due
to the oxygen adsorption, which differs from the experimental value of
+3.6% reported by a previous LEED study. Assuming that the LEED
sample was possibly contaminated by hydrogen atoms, we also
examined the effect of hydrogen impurities on the surface structure,
Hydrogen atoms adsorbed on O/Pd(100)—-p(2X2) are found to result in
large expansions of diz of Pd(100). Qur analysis estimates the amount of
hydrogen atoms remaining on the LEED sample as —0,3 ML,

Keywords : Pd(100), Oxygen, Hydrogen, Surface structure, Density
functional theory
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