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Figure 1. Structures of Cu and Cu-Ru mixed-metal nanoclusters; Cusg, Cusz7Ru, CussRu,, and Cusz;Rug.



Table 1. Relative energies (in kcal/mol) of Cuz;M and Cu3Mg isomers.”

)

CuzyM Cus, Mg
a b c a b c d e
M =Ru 0.0”  +13.6” +184Y 0.0  +164° +34.89 +148.6° +114.2°
M=Pd 0.0” -6.6” -6.3% 0.09 -6.19 7.6Y 2009 -263%

 See Figure 1 for a, b, and ¢. ” Doublet state.  Triplet state. ¥ Singlet state.

(G5 J73E] BREmEt A2 1L, DFT(B3LYP)
%% PR L Hay-Wadt ® LANL2DZ L
W=, BT e 77 A, Gaussian09,
NTChem ¥ X O SMASH %5 L 7=,

[FE5 & E2L] CuyRu (Z8B1F 5 Ru DAL
& Z Wit U 72 R Ru JR - 12 80ks 3% i
X0, WEBICALE T DAEEN L ZE &
725, [AlfRIZ CuyRu, 38 LWV Cup,Rus T |
Ru JEF 13RI F-PNER 2D BT BT
ECTEEILRY, a7 vy iExr LD
Z & WIRIB S 7z (Figure 1, Table 1), =
L. & BBk DONER TILE BN
LD, ZED dfliEE H O Ru i
T NEAEE RO NEICALE LT
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Figure 2. Orbital figures of Cuzg and Cusz;Rus.

Table 2. Adsorption energies (AE; in kcal/mol), bond
distances (R(C-O) and R(N-O); in angstrom), and the

. . , BO charges of .
7 Cu-Cu 8 (438 keal/mol) % Ru-Cu i —BQ charges o C%Z“d NO —
AN N T : 7

EﬂwqmwMMi@ﬁui L%%T AE RCO) Aq  AE RNO) Aqg
DEBALND, CoyBLUIT Vb "o TR (145 1018 1909 1224 048
B CupRug lAf 9% CO B LT NO WS CuyRu, 18.19 1154 +0.10 2157 1227 -048

RRat L72AE R, CuglZhb X Ta 7 = 9 Adsorped on Cu(01) ® Adosrped between Cu(01) and
AL Cuy,Ru, TS T RV —[THM L, Cu(08). 9 Adsorped on Cu(09).

CO (I AENLE H A % (Table 2), B EESAND, 27 ¥ = /LB CuyRug~D CO W35 T
1%, BRI CO ~DMHEENRRKEL 2> TWVWDH Z EAVUREN, CO FEEEDZAL & —3
L TV 5%, CupRugld, Cusg £ 0 A E 7230 720 728D Cugg DU DD A H1E X CusyRug
TIXIE L AHLE & 72 D (Figure 2), ZiUH DB FREOZE(LE CO 3 LTV NO WeaE D BEFRIE,
SEFEMICHRETT 20 ERH D,

[FA% D FE T, CupyM B L CugpMg (M = Ru, Rh, Pd, Ag, Os, Ir, Pt, Pt) D 22 E R 1& & Bt L7z
FEH. Ru & FAEICZED d #LEZ AT 5 Rh, Os, Ir KNI CLEL S, a7 v =L
Whk b D ENRENTz, —F, dWGENHT- S TW5D Pd, Ag, Pt, Au id, BKL+DOWNERIC
EET, AWICHEN G, T2 bbEERGeMENRZEL Y, 8, 9lkL, 10,
1 1HET, FBRENDIREMBLFORZEMEN 27T ¥ = V& BRIEESRIZ 0 hivd &
9 BLRIZRE R 2 N2 L7 (Table 1), EEIAA @RS & AR BEEIAEE IOV T ORRRIIE.
BHMET D,



