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Pt/Cu(001)-p(2x2)-0 RE WM &R SEEiTE

WA MAW m—h ek
(R TREARKSE, Bl 201620; * $IVLREYHR, BN 310027)

WE. XHZEZRHISOFTRE T AWM PYCu(001)2 M4 4 B JE T 45 A ik iR A4S SRR,
TEPY/Cu(001)-p(2x2)-0 FK A Fe et 8 L5460, W IR T R+ 2 & A ), 4RI 4 EXTARAY Pt 4%
Br, A AR TR M BE L 2.303 eV. IR 45 #41K) Cu—O Fl P—O #8423 51 0.202 F1 0.298 nm, &5 1
B W B 755 B Zauo 2920 0.092 nm. W ff Hij 5 Pt/Cu(001)-1ML (monolayer) 3 i 45 4 1 ¢ 181 2 bR 5000 W) My 4.678
1 5.355 eV. W MR T 4UR T RS IR 45 & F 255k A 4R T 2p HUBFRNITGE IR T 4 UEMZBIER, FJR
TURMIE R R F S FEA T HOKRER L T A-2.7 eV 4b.

W Fft g
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Total Energy Calculations on the Geometry Structure of
Pt/Cu(001)-p(2x2)-0 Surface
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Abstract:  Density functional theory was used to determine the geometric structure and adsorption properties of Pt/
Cu(001)-p(2x2)-0O surface using ultra-soft pseudo-potential (USPP) methods. The calculation results indicated the Pt/
Cu(001)-p(2x2)-0 surface in favor of no reconstruction adsorbent model with oxygen atoms adsorbed on hollow sites
above platinum atoms of the second layer. The adsorption energy of an oxygen atom is about 2.303 eV with respect to
the oxygen molecule. The surface work function for this adsorbate-adsorbent system is estimated to be 5.355 eV. Bond
lengths of Cu—O and Pt—O were calculated to be 0.202 and 0.298 nm, respectively. The adsorption height (Zq ) of
oxygen atoms is about 0.092 nm. Surface electronic structures show that the cohesive effect between adsorbates and
adsorbent is mainly due to the hybridization between metal d and oxygen 2p orbitals. The localized surface state is
mainly generated at —2.7 eV below the Fermi energy Er.
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SENFE Y Cu(001)FR 1AT Eb LA AE $0 3 18 B 45 5 1k
Ak, MR X TFEETLE Cu(001) 35 1 ) W it 25 #4
B Z AR AR E 2. 1988 4 Zeng 25 H T 5k
AT PR AY (miss row, MR), Jacobsen Fl Ngrskov ™ #ff
A MR S I T 78 Cu(110) % 1 1Y fie B i W B
SEF. IR IRHE B 2 Wi MR 255 1R T AN
2R SETETY. 48 Pt EF7E Cu(001) 3 16 B B 1)
R A 4 & CO 43 A AL R & Sy W 7E /9 AR I
HEAL FI M1 PYCu(001) 2 101 A 4 1 JRL T 45 74 J2 B
fiff L 2 3 R e AR LB SR AR AP ) . A B 22
90 A TFR, Graham %6 AN"WF5E 0871 T PY/Cu(001)
FET R T 2549 F0 Pe LT 1Y T A (IRRE L T
11 %1 (LEED, low energy electron diffraction) 3255 3¢
B, AR 5 1Y PUCu(001) R TH 45 4 78 % i T 2 TG
¥4, 7E 1 ML(monolayer) & i J& B i 4 275 )
Y c(2x2) 45 a2 S ] SATLEED #4414,
A3 HT & T RESE K ) Pendry-R K153, PY/Cu(001)-
c(2x2)-1 ML 1A & iR 1mZ K CuliiF, Pt i
TAERE R AL MRS Cu FTFIEA c2x2) M4
G 5F.

AR T WIS, PY/Cu(001) 3 1 FEA TE AL p(2x
2)%5#4, AlShamaileh S5 & T PY/Cu(001)-p(2x2)-
O RIMAFTE MR FHAH Y AT REE, TAHFE PY/Cu(001)-
p(2x2)-0 W[t &ta Hr, A 1B F Pe i1,
K2 Cu JFFEUR 25%. % 272 s BRI (DFT) 1)
T I8 O Ay 30 ok 3 T 45 ) 1) T EL A AR 5 1 A
KGR FERL 0 TAE D, JRATT/NAR % v 53 A
T N A1 O JE-F7E Cu(001)3 [ fit W B 2% ¥4 0 26 1T
L 2220 15 3 445 R 5 S B 2% SR FLA AR 1Y
— M. O TR E i —2P8E PUCu(001)-p(2x
2)-O 3R IH] Y W B 235 4, AR SCOR P T 8 R0 R B0 4
J& (CG) B #8558 345 7 32 (USPP) WIF 5% 48 Ji - WK o iy
J& PYCu(001)% [fil G 4 1 J5LF- 235 #4 R0 T M . Wt
B RE 9T 50 25 SR ILACHERR T B LEED 52 504 1 11
W 25 F A=) fE RS FER 1 T PYCu(001)-p(2x
2)-O F [ ) e 2514

1 HEFE

ALY T s PR (DFT) A T it 2
KT AL P AL (fRTFR VASP)®, X & — A5 —
PRI ER Y 50 21 1 R, B S S Y
AR FH R B 200 34 1200 L 33 ol B0 e oy 285
DA 17 o0 3 R BURIT . T S B R RE R

FAT™ A6 BE AL (GGA) Y PWOT 7 17, 3 1] Py A
PR H B 6-7 T2 — B25 Z 4 8 R
JERERY(slab). [ 2 —M = 2 A0 B, SRR
IR, TG4 1 2 T D) T AR Bl i), ORI
AT ()50 T4 R R R R RE T T 50RS B
FIRETEE T, WA TR & IPEAREEBESET
(RT3 J1 IGO0, A5 R RIS 1.1 nm 1Y H
23 JE A DMRE 7 2 R A EAE 1 /N T 107 eV -
nm™. KH AR 7 BLIK X (BZ) A% 46 2% Bl 15
15%15. M p(2x2) )5l 1415 BLH X (BZ) M 4 1k %
J& N 9x9x1. {ifi i} Monkhorst-Pack(MP) J7 & H 317
A ke P, 15%15x15 RS AT BLIH IX AR A) 24 g 8 H
120 4>, 9x9x1 WA A BLIH DX AT 2 s580H
25 4. IR 25 e A nY SR W SR 4R R 107 eV,
Hellmann Feynman Jii—F J7 09 H 15 W SCH 45 R 1072
eV nm™". - TH I JE A9 R BE 5 A 400 eV, U 8L
PERYHERY], XA ae B RR 2 IPRIE T 45 Ry
K

2 Z#ERE5IT
2.1 &iE Cu(001)F1 Pt(001) R EHIE F 4544

K 4 F 80 J1 25 05 i AR 2 1 Kk Cu Fi
Pt SR B4 H H BORE T 45 G RE IR 1 i, K
P Cu F RN S B2 o 055 T 0.3642 nm, H 5
IE 0.3615 nm™ 2K 0.7%; Pt Sk i kg 5 35 a
2574 0.3965 nm, IR {H 0.392 nm®K 1.1%. —
WA, XM T GGA 12 ok 55 4L REAF By T [A] AH 1
VB Y. Pe SR A ) A 8 £ Cu diR 20K
8.9%. LEFIALAL I KB Cu 1 Pt f A 1Y S 145 &
E E. 7> 514 3.523 1 5.511 eV.

SERIAL G BT T Cu(001) 1 Pt(001)3% 1 A
KA, FRAZEF R AR E TR T 2B
o1, RIE T2 00 3t R DA A 56 1) 32 T M s n 5% 2
Bz, B3 2 AT 3 TE Cu(001) il Pt(001) 3 Hi 55
— )22 Ji - [] BE AR X e [ AR 8 A5 A I B Adoold 53
I —2.7% F1-2.2%. FoAh 2 18 45 )5 7 J2 1 st 14 i

F1 KR Cufl Pt B REEHIMRTFESRE

Table 1 The lattice constants and cohesive energies

of Cu and Pt bulks
Cu Pt
Bulk - ;
This work(PW91) Expt. This work(PW91) Expt.
EJ/eV 3.523 3.51% 5.511 5.866""

a/nm 0.3642 0.3615 0.3965 0.3928

E.: cohesive energy, a: lattice constant
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Table 2 Relaxation, surface free energy, and work function (¢) of clean Cu(001) and Pt(001) surfaces

Surface Ad\y/d(%) Ady/d(%) Adold(%) (T ) Yo/ m) oIV
Cu(001) -2.7 +0.5 1.473 1.462 4.633
Pt(001) -2.2 -0.5 1.808 1.805 5.713

Ad,y/d: the relaxation of first interlayer distance compared with the bulk; Adx/d: the relaxation of second interlayer distance compared with the bulk;

Ad,y/d: the relaxation of third interlayer distance compared with the bulk; Y™™ free energy of unrelaxed surface; y™*: free energy of relaxed surface

AAXT HL AN, TE£0.5% AN, JE4% BT DA A
8. Wi Cu(001)FR AL R%L ¢ Z9°7 4.633 eV,
SEEG S B I BUE R 4.59+0.05 eV 4.76 eV,
A AT R B SR AE Y Y. T Pr(001) 2K TH
WIS BREL @ 290 5.713 eV. 21 [ H RT3 45 1
R E AT AR REAN R 1) SRR Enas HUOT
SRt R R S T4 (001) R 1T 1) L RE B Al o, JL
B Sy — I [ 5 — M5tk 5 slab () B RE, B
PRS2 1Y slab SLRE; B e TR A HEEL
AR

,yumclax:i (Eunrclax+NEbulk)

,yrclax:ii [E’Cl"‘x_;i (Eum-clax+NEbulk)]

T A SR p(Ix )R T A AR, N J& 3R 1A slab
AL Cu B P N80, AEFRATTA TR &R
N=6, y™ Fllymet 23 51| 2 5th 35 A 5tb 75 2% 187 1) 22 180
A HEE. 1A )i Cu(001)FEim 1 H H BEL N
1.462 T-m2, il ¥ Pt(001)FR IR HY B HRE (2 1.805
J-m2)/\ 19.0%, Pt JEF7E Cu(001)% [fi 5 fii [i] F3F
AR EIE I, PUCu FRTH A A 2.
2.2 Pt/Cu(001)-c(2x2)REEE LM

LEED S K U748 i, 78 1 ML 7 35 [ B it Py
Cu(001)2 11 28 = R K 5 TE R 10 & 42, 3R
2N Cu JiF, PtRTFZERT KNS Cu 5 FIE AL
c2x2)ME L4, G4 )21 Pt Cu JE N4

00000600 CYT

e 0000CCGEOCO

J9 11N T A B AL PY/Cu(001)-c(2x2) 3 1H &
4, PPk P/Cu(001)-1 ML R HI1E W FE N 52 CF 5
JE 5 3k [191AH []). #5%E P/Cu(001)-c(2x2)-1 ML
SR B S A RE PR T B9 40 A AR 1 R 2 4
F4. XFF Pt/Cu(001)-c(2x2)-1 ML F1H i) Pt J5543
A1, i LEED 32545 L 0IPY/Cu(001)-¢(2x2)-1 ML
I 1/2 ML Pt J5E 75010 TR R HZ, WA T 1/
2 ML Pt JiL 754k J5G A 7 8 6 T bR iz, T8 ok i) 6 T
G BT IR A, A SR TR A A TR TS
3 24 ZWAEI, P ST AT AE B 2 1 40 A
Bl 1 FR.

FEFE 1 254 A vh Pt sS04l T 3R TE S R
=2 AELER B FILEH C Pt ST A T I AR
TS UR. 456 B (R EER UJZ PR AL TR
A5 2 PR FIYIE N5, B2 PR FAbF 177
D7 450 C PR DU 2 Pe 707 TR 1S —
JZ Cu JfFRIIE Ty, PH)2 Pt T 5855 .
XFF PUCu(001)-c¢(2x2)-1 ML £ [ J5 124544, LEED
SEEGUIZRBIZ R AR A R AR R TP 25 T E
Pt 5 7242 Cu T KRZ N 8.9%, A3 A
T At = AN AH T R PR AR TR, B i 2
R 25% ., FI)ZFEFHIK 50% FMEA T FAY (MR). £
THI 454 AT BEZE A4 A R 400 P81 (6 T 23 J 45 ) dn 1] 2
FiR.

EE 1 FE 2 1, PUCu(001)-c(2x2)-1 ML 3
45H94 3 Pl RBIY P JF 204 K 4 Fpol BRI 5
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A B C

E1 Pt/Cu(001)-c(2x2)-1 ML REZEHH=F Pt EF4H%H
Fig.1 The three distributions of Pt atoms on Pt/Cu(001)-c(2x2) 1 ML alloy surface
The black spheres represent platinum atoms; the gray spheres represent copper atoms.
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2 Pt/Cu(001)-c(2x2)-1 ML RE& & LML E
Fig.2 Top views of Pt/Cu(001)-c(2x2)-1 ML surface alloy

(a) unreconstructed top layer, (b) 25% decrease in surface Cu atom density, (c) 50% decrease in surface Cu atom density,

(d) missing row reconstruction (MR)

T2 S548, XA — LA AT 12 Rk mas ARy ixX
12 PR I 2 H AN, RE RN BE RN 4%
MRS EYE, E SR F B RETHIE AT

]. bulk bulk 1
')’anoy=? [EPI/Cu(O()l)-c(2x2)_nCuE co —NpEn ]—’)/331%3’1‘)

AP A c(2x2)F TH S A TR AR, 12 /> 3K T A5 AL
) S TR AR AN AL ], AR AN A p(2x2) Z2 1 B g
AL p(Ix D) JE LAY 4 %, 45 Cu(001)-p(1x1)
SRR R Ao, WA AR IS (8] 2()) c(2x2) )52l
THFLR 4A,; T TR 25% A4 I (] 2(b))e(2x
2) S LTI BN 8A; M B 50% IS (& 2
(e)c(2x2)JE LRI 12A,; F 1 MR #IE(E 2(d))
c(2x2) JFE TN 840 Encuon et 45 FIEAL G HY
RN A A L5 BRE, ne, A1 nw 20 3 R R0 A 4459
HHE Cu A1 PR FHL, BB FES™ 4350 R Kb i ep
A~ Cu M Pt R T 1Y BLRE, yeam RSB Cu(001)
FIAMRIA A ML T ETHE, RG24
Fi2 I8 Xx 45 (X=A .B.C; x=a.b.c.d), Hrp K5 FH}
X FR PR F R AER AN 1 FoR), /N
FhE x FORFHNE 2 SLANE 2 FR). &
RIAH LA R H AR y 3R 3 PR, R
3 LSRR IAT B RE AT, AE R 102 S5 4 A [R)

FYIE OL T, Pt g3 A 76 2 T8 55 — S I )2 25 44
(1l 1 2544 B)W)ZR 1T A HH REfe/)N; #E P T4 A A
[ (LR, 210 [ Fh AE AN 2% 11 J2 2546 105G 22 1
i %, 3 3 R A AR A AXTE X, A AR
BN, RS BEEE . PUCu(001)-¢(2x2)-1 ML 2
T 5 4 ) B R S5 H S 2544 Ba, BDRTH Cu J5i 2
ANRAEFHR, PR FAEREE M IN)ZS Cu i
FIE c2x2) & E 454, WA 420 PR F4b
TFAT" AL E . P/Cu(001)-c(2x2)-1 ML 2 Jfi f) 3£
1 A HEEZI 0.138 J-m™.

ZERIAL I PY/Cu(001)-¢(2x2)-1 ML ka5 %
11 4546 (454 Ba) 2 — )2 I F 1Al HE d,, 2920 0.188
nm, A X e R [ A i) D (8] 5 AR AL IR B Adw/d
2°0+3.7%, 5 LEED SLHAH+1.9%+1.1% "4 —
B, FRETH AR 2 DT (R A [ A e g A Ak R

%3 Pt/Cu(001)-c(2x2)-1 ML XEA SRR H HEAE
Table 3 The surface free energy of Pt/Cu(001)-c(2x2)-

1 ML surface alloy
Model Unreconstruction(a) Miss 25%(b) Miss 50%(c) Miss row(d)
A 0.550 0.442 0.419 0.486
B 0.138 0.247 0.264 0.277
C 0.313 0.287 0.297 0.317

unit in J+m™



No.3 RAHBTSE : Pt/Cu(001)-p(2x2)-O 2 1Hi W B 45 #49 1y e 143 571

Adyld F+7.4%; FH%E =2 TR dy A9 585
Wi, W BE 2 -4.2%; 55 DU R 2R BE ds 298
0.195 nm, AHXFF R He fh AR 0] B 19 AR f0 I B2 Adus/d
25°+7.0%. P/Cu(001)-c(2x2)-1 ML M4 4451
BT 45 R 5 LEED S280 45 0 A R I i — 3
PE. ILAMTEISF A PY/Cu(001)-¢(2x2)-1 ML % [fi
DI PRELZ R 4.678 eV, LG i Cu(001)3% I 1Y Ty pF
B2 4.633 eV)K 1.0%.
2.3 Pt/Cu(001)-p(2x2)-0 K E R LEHIFIE F745
Pt/Cu(001)-c(2x2) K H A 4 7E 1/4 A5 12
W i, 28 TR KB Y p(2x2) R 4 #y >, i F
T A 41 P43 A 2E R IR R, AU
B P — A 202 Pe - 19 R 1143 AT, it AW i
FEHAS K B AT BB S5 HYJE 454 Bx(x=a.b.c.d). N T 1%
| PUCu(001)-p(2x2)-O K I i) fe it 22 4544, DU
I3 FFG5HE Ba Ry BE a2 AN, AR IR R YT AR
w1

1 0 bulk
E=Eq ©01)-c@x2)-Pt T ? Eg —ANE" —Epyc, (001)-p(2x2)-0

H Evicuoonpeero NEERI AL G B Pt/Cu(001)-p(2x
2)-0O F AL AR, Econcoon N Ba Z514 EURE, EL2
FARST B T 1 RBE, AN NI B E BES p(2%2)
eIV iGN Ok Ty S I S DA (k=W
TR B RE a3k 4 TR,

1% 4 WAL SRR T AE R 2 S5 04 2505 B 1 W A
REAN AR R, AU 75 W B e/ T A 0 B, 3
] LA RE & BRI 0 1S AATE. AT AL, A8 78
4544 Ba 1 Pt 2557 W B BB S k. W B R RO, IR
ZERIRAE . I PY/Cu(001)-p(2x2)-O 2 1 i ek
FE LSRR AP ISR A I T SRR R A A, P oAl T
RIAEFE _FENE, 5 Cu i FIER c2x2)WE 4
2551y, AT BT Pt A

SCHk[22]H A9 LEED 250 1A A, PY/Cu(001)-p(2x
2)-0 R ZEHRANZ R F B 25%, AW T
Pt JEF2RE. A AT A0, BRI RN S I8 A0 22 1) 35 B AE
TR T W B BN R TR T2 S5, R Tk
— 43 M BRI LEED SE06 45 W [a] () 2k, =4t
R PUCu(001)-p(2x2)-0 K 1 45 F R RGN &l 3 i
7. [ 3(a)4& PYCu(001)-p(2x2)-O 2 [ {4 i fa i %
B H; K 3(b,c) 2 5 LEED 21 1 0 45 5 AR i 1)
TINS5, 25 AL)E R R TR E N3 5 PR,

W82 5 Fron, 16Kl 3(a) 250 (B de a2 W BT 245
F Y, AR5 4B Cu JEFRI P s (4 ] 5 5351

F 4 Pt/Cu(001)-c(2x2)FREE & I E IR F IR HiEE
Table 4 The adsorption energy of oxygen atoms
adsorbed on the high symmetry sites of the
Pt/Cu(001)-c(2x2) surface

Structure model Site Qldesr(;r;)(zsfr;
unreconstructed surface (Ba) hollow (Cu) 2.103
hollow (Pt) 2.303
25% decrease in surface density (Bb) hollow (Cu) 1.816
hollow (Pt) 1.794
missing top -0.245
50% decrease in surface density (Bc) hollow (Cu) 0.899
hollow (Pt) 0.712
missing top —-0.482
missing row (Bd) hollow (Cu) 1.128
hollow (Pt) 0.707
missing top —-0.483

missing bridge 0.899

EF 0.204 1 0.298 nm, KA 5 T2 R A, 2y
7 0.001 nm, KK JZ A AR P F A% )2
il JE AR AR Avpy 20 9 +0.014 F1-0.012 nm(“+7 %
NIRRT RS, “-" R BRI W), 5 —
J2 A O )2 B AR A, R A, R 0.002
nm, A LA ERTE— 4118 PN, Ao I Ho A )i 2 (1]
¥ dyodoy TN doy FEBUA 32T, #RAE 0.194-0.195 nm
Z [0, % & 4 I HRERIZR 5 ML B 5, T
T M B RE A -7 B PN D RS BRI T30
LEED 55525 B[] i 22 501 17 5 1B 3 (a) 45 440 11 450 i
FEE Zawo 2920 0.092 nm. [&] 3(b) %5 #1485 11
B0 R 2R 112 R - 2549 5 LEED 5230 — 3%, {HA
JEF B Zewo 2974 0.095 nm, 5 LEED3ZER{E0.003/
0.010+0.013 nm FJ&. &l 3(c)45 k) B85 T 5 ¥ Zew o
2974 0.002 nm, 5 LEED 255 {H EA R A7 1) — Sk,
R 3(a) 454 1A F IR B RE 2 R 2.303 eV, &
FIT A 250 B R TR 3(b) 45 48 1 S D I o B 24
M 1.794 eV, AR A EIE LT Cu 43847 1Y MLt fig
1.816 eV /)N, X UL HIFE Bb 1 H Cu JiF A1 2%
Ji R W R . FET 3 () 450 Th R TR 2
B 25%, 85T W B T % - T, W B 2
H—0.245 eV, /INTZ 1) W [ RE D B 27 B 1 U T
SRR Y. AR I R AL B AU A By
JERMREZ IR F 2 ERE E, K 30,045
LEED 5256 25 F 2 e #2230 1), % 1 W B e A 1150 45
RETERE M FHEBR X A5, B 3(a) i da e
4509 54T LEED SE 50 25 2 2 A7 78 40 L 1Y, Pt/Cu
(001)-p(2x2)-O F 1A 1) fe e X 45 ¥ A e S 36 1) F —
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3 Pt/Cu(001)-p(2x2)-0 3 IR b 54 84 17 40 &
Fig.3 Top views of Pt/Cu(001)-p(2x2)-0 surface

(a) unreconstructed top layer and oxygen atoms adsorbed on Pt-hollow; (b) 25% decrease in surface Cu atoms density and oxygen atoms adsorbed on

Cu-hollow; (c) 25% decrease in surface Cu atoms density and oxygen atoms above Cu atoms of the third layer

HASIE. b1 T & 3(a) 45 H) i F2 101 2 BR L2
h 5.355 eV, 55 (b) 254 1 1 D R AL (2 5.580 eV)
AT, Ho(o) S5 (A T 2 PR (2 4.603 eV) K 0.752
eV, FR 1ALy R Fi A0 22 551 3 2202 AR W B v AN
[Fi) 3 JiZ 1.

T4 B IR s HUiE BT e R, & AT1E
B W HE R p-d B8 Rk 7 1 5 m . R A
DU A P R 43 A5 B R N TS AT 4 B R T d
B8 AR F p BB R A 2 8% (local
density of states, LDOS) N 4 fr7s.

4 (a) 2 1) S W I 42U T p B0IE 1 R
TR, AR F 50K 48 5 H0E 1 2 e
FE LT B 4R R SRR Y, 4010 75 28 K e
HKLLUTF0 ZE-6eV Z[H], 2IH—EMamtE. & 4
(b)Y — N /NE R 1 T PYCu(001) 3 1 i S 2
Wil )5 F 1) d BB LDOS, 45 — % =N/ NE 43 il

7 P/Cu(001)-p(2x2)-0 F1fl )2 FIR e 1h 2 5 AR
T XA I T d 3158 LDOS. K 4(e) s — 4~/
2278 38 1 PU/Cu(001) 2% I R K 7241 R T 19 d
B iE LDOS, 55 1% =4~ /N 4 ) R Pt/Cu
(001)-p (2x2)-O F i fiefat 2 Z5 44 vh A F 48R 1E
7 B AR RN AR DU 241 5T d Bl LDOS. W
K5 F2TH 240 5 d PLiE R LDOS (b B 55 5K/
P B BRI (b FRIER — sk /N D) 76 B oK RE L LA
2.0 F1-2.7 eV S5 47 B BT e B I 0 B i
Vg W B I R R THT 240 R d BB ) LDOS (¢ B3
ZaR/INED) A EE TR B I (e SR — iR/ INED TE oK
BESLL T -1.6.-2.0 FI-2.7 eV 547 B I T H4g
HHI (BT i . W B 42U F p BB 9 LDOS (a #])
TEFKRRELL T 2.7 eV A7 Bt BL T B 8 (1 i
TN dc R —-2.7 eV B 1) 18 HL T 25 % 014 Rl
D 2 B S s, DRI ok T ASA A 4 R

£ 5 Pt/Cu(001)-p(2x2)-0 RELEHMRUEHEREFAE
Table 5 Optimized geometry structure of Pt/Cu(001)-p(2x2)-0 surface

This work LEED®
Fig.3(a) Fig.3(b) Fig.3(c)

loro/nm 0.204 0.190 0.183 0.20+0.02
Ipo/nNm 0.298 0.301 2.300 0.21+0.02
Za-o/nm 0.092 0.095 0.020 0.003/0.010+0.013
Ay/nm 0.001 0.003 0.007 0.007+0.003
Aypy/nm +0.014, -0.012 +0.014 +0.014, 0.000 +0.013+0.004, —0.004+0.004
Ay/nm <0.001 0.003 0.006 0.001+0.005
A/nm 0.002 <0.001 0.001 0.002+0.005
d/nm 0.194 0.190 0.187 0.189+0.002
dy/nm 0.194 0.195 0.194 0.189+0.002
ds/nm 0.195 0.189 0.194 0.189+0.004
o/V 5.355 5.580 4.603 -

low—o: the bond length of Cu—0O0; In—o: the bond length of Pt—O; Zq,o: the adsorption height of oxygen atoms; A;: the buckling in the first
layer Cu atom; Ayp: the buckling in the second layer Pt atoms with respect to the second layer Cu atoms; A; and A,: the buckling in the third

and forth layer Cu atoms respectively; d.», d»; and ds: the first, second, and third interlayer distances
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Fig.4 Local density of states (LDOS) of the atoms on
the Pt/Cu(001) alloy surface
(a) p orbital LDOS of adsorbed oxygen atoms; (b) first panel is the d
orbital LDOS of outmost copper atoms on Pt/Cu(001)-c(2x2) surface
compared with that of first and second surface layer copper atoms of Pt/
Cu(001)-c(2x2)-O surface on second and third panels, respectively; (c)
first panel is the d orbital LDOS of second layer platinum atoms on Pt/
Cu(001)-c(2x2) surface compared with that of second and forth surface
layer platinum atoms of Pt/Cu(001)-¢(2x2)-O surface on second and
third panels, respectively.
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