Yy HAL R (Wuli Huaxue Xuebao)
1662 Acta Phys. -Chim. Sin., 2008, 24(9):1662—-1668 September

[Article] www.whxb.pku.edu.cn

SR FIE Pd.Au 1 Cu X PdAu.PdCu §&(111)FRE WY
BEZEPR

WK TR ] &
Abr b TR, BE BRI B S LIS, 7 T SRR E, ket 100029)

WE. MEEZRMIEHRE TSR FE4)E Pd. Au.Cu LA 4 PAM, . Pd,M, FIl PA,M(111)3 1] ) 9 B}
(M=Au, Cu), 155 77 25 54 0.25 IHRRE R . 254 B8 LA AT J5 28 1T 19 3t 741 0. 45 SRR I, I
Y55 Pd JE ke e (B, Cu IR 2, Au (0% s, HEAE — Rl 4@ (1101) FR 1 ) fef e IR 358 fee f7. H
F PdAu &4 HAT BRI A 3L, PdAu &4 WIS 0 454 e B B deall Pd WK, BRIk 2 4h, ERIHRAE PAM &
G R TAT A R R AR Bt ML 0 (4 3 O T 53, T e Ay W A Bt 4 s R 28 R R AR T A8 Ak ARFE T AR 2
W25 G fE, LS PACu B4 ML, PdAu B4 7E Au & K (<25%, BEIR M B0, SR Y45 & 8E T R
B2, T Au F R H (>50%)ET, 454 AR T R, XRS5 25%-50% PdAu & 44 Al REAE R FFHHIE 5
SEREAY I, H PACu & 4 HA AT I LB a0k,

KR FEZRHES;, SEFmWK ST fiET, BEe il
FESES.: 0641; TQO2

DFT Study on Hydrogen and Sulfur Adsorption on (111) Surface of
Pd, Cu, Au, and PdAu, PdCu Alloys
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(Division of Molecular and Materials Simulation, Key Laboratory for Nanomaterials, Ministry of Education,
Beijing University of Chemical Technology, Beijing 100029, P. R. China)

Abstract: The gradient corrected density functional theory (DFT) calculations were presented on the adsorption of
both hydrogen and sulfur on pure Pd(111), Cu(111) and Au(111) surfaces, as well as on PdAM;(111), Pd;M,(111), and
Pd;M(111) surfaces. The most favorable adsorption sites, binding energies and the relaxation during adsorption were
obtained with a coverage of 0.25. The Pd surface exhibited the strongest adsorption of both hydrogen and sulfur atoms.
Cu was the next and Au had the weakest affinity with them. The binding energies of adsorption of hydrogen and sulfur
on PdM alloys decreased with the increase of the concentration of metal M, except Pd;Au, in which case, the
adsorption of hydrogen on Pd;Au (111) surface was even stronger than that on pure Pd, due to the larger lattice constant.
According to the values of binding energy, it was found that the binding energies of both hydrogen and sulfur on PdAu
decreased slower than that on PdCu, when the concentration of Au was lower than 25% (molar fraction). However, they
decreased quickly when the concentration of Au exceeded 50% . PdAu alloy with 25% -50% Au was a promising
candidate to resist sulfur and also with high performance in hydrogen permeation.
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HARS B SR PEEMB &R, 2 U B2l

AU LA e 58 52 107 5 S A 9 AT A 52 S 1 Y, SR A4
SR, TR A AR 5 5 S 4 AR AR A 1T 2R 3
UM 25X 10 (AR AR 20850 B HLS 5l A LA 40 i Hp 2,
WFFE R, @ IMA S — & R IE A S A
Al REPE P RETERE, IR RERHIE E M Y &A=, JF HL
REARAG Lb Sl B 5y (Y 008 3% %219, McKinley ™ [t
5T 623 K N =Fh4 4 PdAg .PdCu.PdAu J% 4 Pd
JEEXT HoS MBI, 25K W, PdAu &4 b st
el , PACuiR 22, i PdFIPAA g I £ 2 25 5% 5 1 i
k. HEMFR B Z 06 4 A PdCul™112 PdAgle
%%, PdAu A 4 AR FE A5 AR X /D,

el B2 T4 I B A e 25 14 R 1T SO KR RIS &
KB IER, BEEGSERIT P EZ R . H, &
i Pd A A A SRR AL 4 S 53— 7 MR T P 225 R
W . AR R BRI R A S AR B ) — i &
JF 58 BRI R, I BT TR - R R i
TR, S5 1Y HUR o 3 S R Al
AgRRE (HEEE B & T2, BirdaEe
28 A] DL 2 JUIOK FE B OK DU, S RE 3R 5
Bifil i, MBS A RURARRIAS, X Tk 43
A ). B JEE P AT A AR S5 R T M 5 I R 2o AR )
Az, X S R A T R, X — R S
B2 I IESE.

i T % 92 oK S (DFT) 1Y &, (il 40 3% —
S T A 1R 1A 3 T 1 Jo ) T i A T e,
Kamakoti 21454 DFT 1155 Ml 8h 11 24 58 485K 1 (ki-
netic Monte Carlo, {88 KMC) BT T =<
TEPd-Cufy 4 JEE F 2B 3 8. Alfonso <5 i DFT
WF5E 7 STEPALL J2 PACu \PAAgE 4 (111)Z [Hi FRI W Ff .
Ling %2255 DFT I 22 RERIAIEA A 5Y T PACufiiE
PIHTSHETE. Rodriguez F = HIDFTAFSY 1A [ 75 32
FISHF Au(111)ZFR 1E FU 2 . Sonwane 2529 DFT B
9% T ASAE PdAg Fl PdAu &4 P 0% % . Hyman
ZEIH] DFT #1528 T H,S TEANIA] Pd 44 1T (A1 15
XueZ: I FDFTHFSE T SHIOJE 17 75 Mo . Cufil Au
BRI 7K 5353 il SNE R 5

A DFT #1557 H A1 S It 7% Pd . Au Fl
Cull K PdCu .PdAuA 4 (111)F1h A fb 27 W% ffF, 5%
T AR, AR A 4 IR A B2
BAEMMENZS%.

1 HEFZE

SRR 55 B I LS 6
(Vienna ab initio simulation package, i FX VASP)*".
AR T VASP A ) #8 %K 3 (ultrasoft pseu-
dopotential, i F USPP)2, Hi 32 $ AH 8/ 78 )
K JE L (generalized gradient approximation, fij
X GGA) T ] Perdew-Wang91 (PW91)iZ & i iR .
T A AL 38 SR FH = 4 JRL BT M %) 1022 )i )2 i (slab)
BORY, FEARSE slab [A1A JEEEE LT 1.0 nm 1Y FLZS X5
DB BRSP4 8 S AT s B AR R 1A
s ¥4, HT A = )2 [ R R S 4 & 14 I 3 A
Bi A R EA 4 1) R R p2x2) 1 f
ZEM) ERMECE — A~ H il S i ¥, HRm e
N 6=0.25.

R T HRARAEJZ SRR B T AR R AR AR AT A A 4
L, BSR4 BLIK IX (BZ)k o5 A& 35 BE A T T
WCSLPESRIE. TH5H AT 8328 Haly, R ] Monkhorst-
Pack J5 277 k s, M 5x5x1 RIS NS 15x15x1,
T T HA7E PAQLLL) TR . 25 R0 1 fizs. ]
U ke R 55 FE R /INE, ARG 31 1 I B e 23 A R i
22, MR 10x10x1 DL R k s %5 B2, W] ORI I Bt
REMR 22 7E 0.002 eV LLIN. A S TH T34k A
12x12x1 1Y k s A&. N 1 ik m] & 31, ~F-1h i Je
AR REELE 235 eV B, X FA SRR R E 4
SRR,

Pd . Au FI Cu [ a4 H B Bk 264 1 i
DFT 1504 75 2. 45 21— 7350 24 0.396.0.419 F
0.365 nm, 5 K E0.389 ,0.408 F1 0.361 nm ALt
WK, T 5 SCHR[21-24 1438 () DFT iR 45 XY &
AREF. 38 H R GGA I RIS 3 1 fb 4 8 2080 2 i

1 AEEMGBEENARE -ZEERBBBELITH
BERINEARE
Table 1 Calculated bond distances and binding

energy at various cutoff energies and
numbers of k-mesh

Cutoff energy(eV) Number of k-mesh Ry p/nm E,/eV

235 5x5%1 0.1775 2.807
6x6x1 0.1775 2.858

Tx7x1 0.1774 2.840

8x8x1 0.1770 2.836

10x10x1 0.1774 2.840

12x12x1 0.1774 2.842

14x14x1 0.1774 2.841

15x15x1 0.1774 2.843

350 12x12x1 0.1773 2.842
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Pd(111) Au(111)H1 Cu(111)F77 % 72 1 76 — i
ZAFT R, N A FiAl, RO )2 M BT i
- R B SR 0 1 B 8l l kS5 R ks
FIH IR AAALAT : Pd 1 Au 2218 )52 43 B 1)
SN T 0.34% 1.0%. IR Z RT3 51 1) N I 4
T 0.4% .1.4%; Gravil®"%: ] DFT J7 331845 5] Pd
D) THERA IR EE RN, 52 RSN 5K0.44%,
WAHNZ IR 0.32%, STATHTT B 45 BTG 1R
U T Cu (2101 2 )51 FIR K 1 2 R T ¥ R B
TR 4R R4, 435 K1.0% F10.85%. FelterZ!
FH LEED(IXRE Ha F 17 5 S 46 M 5 1 Cu R 11t
] IR 1.1%, SASSCHH R EAR B2

A4, R T PdM . PdM, fl PAMM 3%
Cu 5, Aw) b =FOREIK, & 4 M5 m R a4 )R
S5, ARG BSE B ST A foc ShIRZEH. X
FE15 3] Pd,Cu .Pd,Cu, F1 PACu; 1 &A% 5 5 (a) 43 5
4 0.385.0.383 F1 0.369 nm, 4 %5 46 Pd (1) /N ; i
Pd;Au.Pd,Au, F1 PdAu;, [ 5 #% & 50551k 0.398
0.407 1 0.408 nm, ¥4 Pd (K. N3 2 k. b
b2 L5 SRk S I 7 TE A DFT 313825 SRt 3 AR
FHAF.

ZEERRR, ASCHTR AR ESARE o T
FIFTER 202 A .

2 HEER5TR
21 SEFEEEIES(111)REHIWRH
210 ARTHAALBMNKTHRM
X T4l 4 J B3 i R, H AL DUR AT RE A
W&, BN AL RO hepfir Flfeer, GiEI1H a b,

%2 FDFTiHEMIKNERN Pd.Cu.Au£E
R PdCu.PdAu & HBEEH
Table 2 Lattice constants of Pd, Cu, Au, and PdCu,
PdAu alloy using DFT and experimental results

Metal/Alloy a/nm
This work Expt. Ref. (DFT)

Pd 0.396 0.389% 0.39652"

Cu 0.365 0.361% 0.3641%, 0.364%

Au 0.419 0.4085" 0.417%1 0.4155%
Pd;Cu 0.385 - 0.38941, (0.389%!
Pd,Cu, 0.383 - -
PdCu, 0.369 0.37052" 0.3738%
Pd;Au 0.398 0.393024 0.401%1 0.402224
Pd,Au, 0.407 0.397524 0.40692"
PdAu; 0.408 0.4021=4 -

Bl 1 SigE(111)7RE 8 AR F IR B B AS 5 Y IR B oz
Fig.1 Schematic illustration of the possible
adsorption sites of a single atom on
pure metal (111) surface
(a) top; (b) bridge; (c) hep; (d) fec

c.d FroR. BEF X a4 i 1158 & B, fee A1 hep
PR RARZE A KI R E W7, BIAn%S F H 7€ Pd
(111) T AR, fee A hep 132 B 285 & BE 439l M 2.84
1 2.81 eV, 1 [0 AT 57 W B 16 245 & g B S /N T
fce Al hep o7, 4394 2.65 F1 2.29 eV. iX 5 3CHk[22]
HRIE 45 A — 2

R 3 Fos, X4 H W 248 K15, 53K
T ANZR AT AN 5K TR SN2 JEF A 15
Weds itk 4575 B H—Pd 8 K 270177 nm, I
45 55 Behm 8 PR I (1) L 50 45 50.18 nmAHAF. H—
Cuf K- "50.176 nm, B&/NTH—Pd, M H—Au 58K
NJH B K FH—PAFIH—Cuf, 70.185 nm.

AR S5 5 68 E, AT LA E 35 W R T
JE B R R 22T AR 5

E=E\+Ey—Ev.y (M=Pd, Au, Cu)

HAECN B4 EMA1) T 5 m i S A,
Ey N H e AL H I RE &, Eve #8 H W 7E 4
JBOIDFR MR MY BRE . AT W45 A Re ok, Wbt
Je R EE R B R

2350 T H W Pd.Au il Cu(111) 1A

%3 WMSEFF Pd.AuF Cu(111)REHIHE (A).
BERRHLSHRE,
Table 3 Surface relaxation (A) of the first two layers,
bond distances, and binding energies E, after H
adsorption on Pd, Au, and Cu (111) surfaces

Metal Site A (%) Asy(%) Ry v/nm E,/leV
Pd(111) fcc 1.11 -0.03 0.177 2.84
hep 1.99 -1.75 0.177 2.81
Au(111) fcc 3.37 -2.01 0.185 2.07
hep 1.97 —0.64 0.185 2.06
Cu(111) fce 2.41 -1.34 0.176 247

hcp 2.05 -1.01 0.176 245
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B 454 BE. WL foe 7 9454 RE XY AL hep 7Y,
Ui B e SR 55 2, H T2 e e B 31 fee 7
b S SR AR, IR T 145 A RER I Pd(111)>
Cu(111)>Au(1 1) FA IR 0.4 eV,

HRAEZR 3, HAE PA(111)2% A1 P4 1 R4 R 25
AE4 A 2.84 eV Fl 2.81 eV, 5 Papai Z5 PR E )
SR 2.8 eV AT, Nie SE55545 19 H/Cu(111) 3R 1
i fec 1 hep 1 AUZE A RE/T B K 2.45 eV il 2.43 eV,
G AGT AL LTSRS

H R H, 40 IBERE A 4.56 eV, WA~ H i
T LA RE N 2.28 eV, W13 3 Fin, H B T7E
Cu(11D) 45 A HE N 2.47 eV, 1B KT 2.28eV; 1M Au
A1D)XF R AL 2.07 eV, BB Au(111)F HiEPE
RAG, Ho 50 F AT i 5k W W B e e .
212 ARFAESGANKE HRMH

% [& T PdM . Pd,M, FIPAM,(M /X, % Cusl Au) 3t
SRCORTR AR A A Q) S . 5 a4
Ji 2 1T P P FRF IR, THUASE IR 57 415 R AN S R Wi
WRHSE, T E B 4 2% T hep A fee 7 SRR 3 AF AT J5L 1
A5 ) B RNAS [FIE O, B A PURpu 7. XoF
PA,M(111)F1H, WEI2 7R, PURNIE B2 R (a)Zlihep,
(b)iEfec, (o)A hep, (d)4lifce. “4li” F/R iz BT
WS B T 1 = AN T2 Pd, i TR 26 R L
FPIAPART— M. $PAM,(111)2 1, PRI
B2 I E 3BT 718 2 (a) (2Pd)hep, (b) (2Mfcc, (¢) (2M)
hep, (d) (2Pd)fce. 2MAI2Pd 43 51| 6 7% 32 W% B3 4] [l
EPAMATPHAPAJE T, XFPAM,(111)2 i, W B 47
mE4pTR, 5E2 582250, HREPAFIMAY
VB A

FEXFTPAM(111)ZR 11 () Zlihep i i T BT, & BEH)R
FAEZW G AT E, AL EHE 88 TR A fecfir.

E 3 Pd,M, &% (111)3R EERANEF UL B B A 5 B IR B i
Fig.3 Schematic illustration of the possible
adsorption sites of a single atom on
Pd,M, alloy (111) surface
(a) (2Pd) hep; (b) (2M) fec; (¢) (2M) hep; (d) (2Pd) fee

TSR B e £4. WK K F, PdAuly
PdCu G A T AL 58 WM H J5 H—Cu S5
2l Cu W B A2 ARAR /)N, A 4248 Au W Fff H—Au
PRI RO, R B A 10%. X2 F % H
W BRI 5, Pd BOTR P R T Au, 7ES G H RS
TR SR LA Pd T

224 0] UL, Pd;Auf 455 RE (4lifecfiz, 2.86 eV)
L HAIPA(2.84 e V)i K. IXALT- A 23 S H B,
N Au RYTEVEREHEE Pd BUAIR. SRR FBR T FRr IR B Dt
[F) 4 & Z [ A T i 355 LASD, JEE 45 G e N &= A
., R LT A I B S LA D 2R, O R
B, d i 2 FIEL 3 AAL X PdM(111)3K T,
HAl fee frAIZE PAL11)Z 1A Y fee {3 J& il AY 1
J2 Pd, {H 3% i W HOR A 3% 2 BIR Pd.Au 1
5 %52(0.398 nm) &2 41Pd(0.396 nm) s K, 1E K4 it
A S EPd,Au(111)3E 1H U454 BETE K. HymenZE>1%}
H,S W BT IR 248 Rl (78 HR R 1 i A B 3k
F R4 A RE.

X5 T Pd,M,, fie e s 1 B2 475 94 2 R 2 00 B

2 Pd;M &&(111)5R E SR IR B B A 5] B IR B
Fig.2 Schematic illustration of the possible
adsorption sites of a single atom on Pd;M
alloy (111) surface
(a) pure hep; (b) mixed fce; (c) mixed hep; (d) pure fec

E 4 PdM; &4 (111)5RE 8 A T W Bt st A [=) B AR B i
Fig.4 Schematic illustration of the possible
adsorption sites of a single atom on PdM;
alloy (111) surface
(a) pure hep; (b) mixed fce; (c) mixed hep; (d) pure fec
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Table 4 Structure and binding energies after H
adsorption on PdM, (111) surfaces

Ry ps/nm Ry—v/nm E,/eV
M=Au M=Cu M=Au M=Cu M=Au M=Cu

PdM;(111)

mixed fcc 0.175  0.177 0.191  0.177 2.30 2.53
mixed hcp 0.178  0.185 0.192  0.175 2.32 2.60
pure fcc - - 0.190 0.174 2.19 2.62
pure hep - - - - - -
Pd;My(111)

(2Pd)fcc 0.179  0.176 - - 2.68 2.67
(2Pd)hcp 0.178  0.174 0.198 0.181 2.63 2.66
(2M)fce 0.177  0.178 0.190 0.179 245 2.63
(2M)hcp 0.176  0.171 - - 243 2.58
Pd;M(111)

mixed fcc 0.179  0.180 0.191  0.177 2.64 2.65
mixed hep 0.176  0.179 0.199 0.181 2.64 2.64
pure fcc 0.181 0.182 - - 2.86 2.75
pure hcp 0.181 0.182 - - 2.75 2.65

ZPdJiL ¥ (2Pd)fecti, T (2Pd)hepfi; 45 =2 Fa e 14
I, X Cu 1 Au 5 RARZ AN, X PAM, PG
SRS R I T 404k PdAu, SR SR IR hep
57, 1 PACu, eI B 246 fee 467, 1 Ak A4y
AR 32 H 5 Au Fil Cu FHEAE R Y5855,
22 BMEFESBENESE111)FRERIRH

221 BRFAEALEMNKENE M

S RFTELl 4 R A1) m iyt 2.1.1 35
H Y 0 BRI ARL, TH0ASE T AS2 AB A S22 5 114 Wz o
£z, HAE fec Fl hep 57 B T3 45 A AFK 5. 7]
X S MMz, foc A AT3AR & Fe e 1YW A7 . S
T B e 4 8 2R im e, — R4 e 2R 12 R 24 )
MR, TR ANE R s, H Au(111)FR 1
JZ2 LT AR 12 ST ) A7 0 ) SO ) i e
B PA(111)F1 Cu(111)K.

ARG F SR R ZEPA(111) 3% 18 fec 32 W J Y
ZELHE M 4.98 eV, S—PAEE K S 0.222 nm, Alfonso®!
1E [/ — 78 35 %.(0=0.25) I (I DFTI1 A 25 5 74.82 eV
F10.227 nm, —F FF5 R4, 1 Dhanak £ #0138 1+
EXAFS (JME X FHERISAEAS5 1)) 51531 S
Wz B 7E PA(111)ZRTAIFE A 0.228 nm.

Wz 5 Ftzn, S 16 Cu(111)FE A fee 17 W A 45
HREE Pd /DN,y 4.54 eV; THAE AuQ1D)REEES
AETFREE £, {1 3.67eV. Uil S 7£ Pd, Cu Ml Au %
THI AW B 5R 55 007 55 ] ARTA], (H5 H B4R EL, S
TE Au _FIWZEERET BN 1 2

x5 WMHEFRE Pd, Aufl Cu (111)FEMHEK . EK
REZSH
Table 5 Surface relaxation of the first two layers,
bond distances, and binding energies after S

adsorption on Pd, Au and Cu (111) surfaces

Metal A(%) Agy(%) Rs y/nm E./eV
Pd(111) fce 1.72 -0.19 0.222 4.98
hcp 1.60 -0.82 0.222 4.92

Au(111) fce 3.61 -2.36 0.236 3.67
hep 2.11 -1.08 0.236 3.47

Cu(111) fcc 0.81 -1.06 0.225 4.54
hep 0.39 -0.31 0.225 4.49

222 HRFESEMNKENRM

B R FTE = AN B A 4 1) £ T 2514
B B 7E 2.1.2 35 B TERL, AR AN TERS IR, S0
% 2-4.

S 1£ Pd;M, Pd,M, Fil PAM(111)2 181 451 f 47
DFT IR MR BT 3R 6. XK 5 h S 7E4i 4
J& FR A ) S—M B, & BRILAE A 4 2% AT T
FEER AR AEAR /N, 53X 5 H 9 R ], A A 2
(2.1.2 5)H W JF 2] PdAu 454 2% THI 23 B & i) ) [
1 Pd 5 FEEIT, S50 H—Au 8K BT B, 15 X
— IR H RTINS T

S TE A 4 F MRS W B ) o7 B 5 H A ). X
F Pd,Cu F1 Pd;Au, H # W it F 4l fec {7, M S 7
Pd,Cu £ 1] fe Fat 22 (1) W B 67 76 26 hep, A i H 5 46
fee (LA REICA 0.02 eV 225, 78 PdCu; 1, H
F1S VAT S W BfF 46 fec 75 X PdAus, H W B 7E TR

*6 WMETEPIM, 52(111)EANBRMEHRINEREEE,
Table 6 Structure and binding energy E, after
S adsorption on PdM, (111) surfaces

Rs y/mm E,/eV
M=Au M=Cu M=Au M=Cu

Rs ps/mm
M=Au M=Cu

PdM,(111)
mixed fec 0230 0236 0240 0220  3.76  4.39
mixed hep 0231 0237 0242 0220 363 459

pure fcc - - 0241 0.222 3.55 4.60
pure hep - - 0241 0.222 3.26 4.38
Pd,M,(111)

(2Pd)fcc 0229 0.231 - - 4.32 4.53
(2Pd)hcp 0229 0.231 0.240  0.220 4.16 4.48
(2M)fce 0.229  0.232 0242 0.221 3.89 4.49
(2M)hcp 0228 0.232 - - 3.83 4.47
Pd;M(111)

mixed fcc 0232  0.230 0.240 0.221 4.33 4.54
mixed hep 0232  0.230 0237 0.221 4.25 4.48
pure fcc 0233  0.229 - - 4.80 4.64
pure hep 0232  0.229 - - 4.73 4.66
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—a—H@PdCu alloy
—o—H@PdAu alloy
3.5 —»—S@PdCu alloy
—b—S@PdAu alloy

3.0F
2.5 7&”
2.0 . : !

M PdM, Pd:M, Pd.M Pd

5 HFSEFEL Pd. 4 M(M=Cu, Au)l % Pd-M
AE(IDREERERMUNESGESASHABNXR
Fig.5 Binding energies of adsorption of H and S
atoms on Pd, M (M=Cu, Au), and PdM alloy (111) surfaces

Only values with the most stable adsorption are shown for each surface.

4 hep BLAYZE G RENE = T AR FAZ, M S 2:fL5%E
W B FEIR A fec fif.
2.3 PdM, §&EHESEEFNMREYE

25 AR, PACu F1 PdAu 454 5 HAH i [,
FATD)FREXS S F1H A0 B 5 IS AR [F] R
Hrp ik WAL A G RE (R 4 FiEk 6 th IR
ebrit) 56 AR MCRNE 5 Fis.

H W 45 AR, B Ha 45 5) i 24T
B 205 4 R T TS MR AR 45 G e R, T35 I 9%
B EA GBI E AL Tk B R Z0E M. RIS
A LLVE FEH o 2, A 4 24BN PAAuFTPACu 1) 5%
FREE I AN A AR, ZEMA B BAIRET (<25%, B8
IRAYEL, T IR, PdAu 2% TH W% B 45 A RE 10 AR AL 5K
PdCu “F-Z%, WX} Tk, HAE Pd;Au 2 1Y BT 25 5
ek ali PA AU FFE T 0.18 eV, 1 7EPdCu i U F [
T70.32eV. 7EM & i B R BT (>75%), 41K 52 i X
PdAu HXT PACu B2 f2 3. U W B 7E P Au, 3% Tfi
B4 S RERC4E Pd FFE 1.22 eV, 1 PdCuy 2 1 A
TR 0.38 eV. H #2857 25%—-50% 2 8], HAK
&, 1E Pd H B A 25% 104 J8 M B}, PdAu R X H
1S AW I ERAR SR, 54l Pd AR 244238 ; 76 PACu %
T TP o D5 B I B %8 PAAG M55, 4B A M A
F| 50%, THHL A A T W%, BT PdAu XTH Ji A
B A 7 55 PACuAH 24, T JHE XS s 4 R B L B 8 %
PACuli 55, —H A BEZ 21K0.2 eV(4.53 eV-4.32
eV, W3R 6). X —45 1) P Ul W1 7 4 40 BUAE 25% -
50% 2 |81 ) PdAu & 44 2t PdCu HA3 B 58 1 1
TEERE ST, AR A B A,

3 & it

FH % B 7 R FRS A SY T B 56 %k 0.25 I &EUR
W5 774 )8 Pd.Au.Cu U K& 4 PAM, PdM, FlI
Pd;M(111)ZE 18 A B (M=Au, Cu). 181345 G RERY K
JINGRSE T AN T BB B (A AR

g, SRR IR F1E Pd 2 18 Y WK B i R
FasE, HE: Cu, TTE Au 22 T8 Y W B 5 55 . 95 Jit
FAE =l 4 I (11 1) F 1 1 e B 358 fee
7, BFHAE hep 1WA 45 G B 0.01-0.03 eV, Ifij
TG R 57 (A IR B Y AR A

11515 2] Pd,Au G 4 W B &0 R 5 2= 454l Pd
WOR, B H 45 A RE N 2.86 eV, I T 5 & 1Y 2.84
eV. X F PdAu A4 HA BRI s H 5SS 0
% 2). BRILZ A6, EFBLTE PAM A 4 32 1H A4 W% B 5
ABE M 2 B3Ik s, (AT Cu A1 Au, B
WO TR S AL R e e 1) W 457 f Bl 4 Jas A 2%
GIE SRR

HRPETHEEAS B  W 25 5 BB, % 4 5 25%—50%
(BEIR Ay B0 MIPAA S 48 W] REE PRFRAT T 178 S 1 AE
(IR, H PACu A4 HA B A A HTa sk,
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