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TableS1. The average Ag-Ag CN and average Ag-Ag bond length for Ag, clusters.

Ag, 2S+1 CN(Ag-Ag) R(Ag-Ag)yA  Ag, 2S+1 CN(Ag-Ag) R(Ag-Ag)/A

Agy 2 2.00 2.79 Agis 2 5.73 2.85
Ag 1 2.50 2.73 Agis 1 6.00 2.87
Ags 2 2.80 2.74 Agi; 2 5.29 2.82
Ags 1 3.00 2.74 Agis 1 6.33 2.86
Ag, 2 4.57 2.82 Ag 2 6.32 2.87
Agg 1 4.50 2.81 Agy 1 6.30 2.86
Agy 2 4.67 2.82 Agy 2 6.38 2.87
Agip 1 4.80 2.83 Agn 1 7.09 291
Ag 2 5.45 2.85 Agys 2 7.13 2.91
Agn 1 5.67 2.85 Agu 1 6.75 2.88
Ag;; 2 5.85 2.86 Ags 2 7.28 2.88
Agiy 1 6.00 2.87 Agy 1 6.77 2.88

TableS2. The average Ag-Ag CN and average Ag-Ag bond length for Ag, Ir clusters.

Ag.Ir  2S+1  CN(Ag-Ag) R(Ag-Ag)yA Ag,Ir 2S+1 CN(Ag-Ag) R(Ag-Ag)/A

Aglr 2 1.00 2.98 Agulr 2 5.14 2.89
Agilr 3 0.67 2.71 Agyslr 1 53 2.90
Aglr 2 1.50 2.79 Agilr 2 5.63 2.90
Agslr 1 2.00 2.84 AgIr 1 5.76 2.90
Agglr 2 2.00 2.74 Agislr 2 6.00 2.91
Agilr 1 2.57 2.81 Agyolr 1 6.00 2.91
Agglr 2 3.75 2.92 Agolt 2 6.40 2.92
Agolr 3 3.78 2.99 AgoIr 1 6.48 2.92
Agiolr 2 4.20 2.94 Agpolr 2 6.55 2.91
Agplr 1 4.18 2.88 Agslr 1 6.61 2.92

Agplr 2 4.67 2.89 Agult 2 6.50 291




Agslr 1 4.92 2.89 Agyslr 1 6.32 2.89
TableS3. The average Ag-Ir CN and average Ag-Ir bond length for Ag, Ir clusters.
Ag. Ir  CN(Ag-Ir)  R(Ag-Ir)yA  Ag,Ir  CN(Ag-Ir)  R(Ag-Ir)yA
Ag,lr 1.00 2.55 Aglr 0.79 2.75
Agslr 1.00 2.62 Agislr 0.73 2.76
Agylr 1.00 2.64 Agilr 0.75 2.79
Agslr 1.00 2.63 AgyIr 0.71 2.79
Agglr 1.00 2.69 Agiglr 0.67 2.78
Aglr 1.00 2.68 Agolr 0.63 2.78
Agglr 1.00 2.68 Agolr 0.6 2.77
Agolr 1.00 2.65 Agylr 0.52 2.79
Agolr 1.00 2.70 Agyplr 0.55 2.78
AgyIr 0.91 2.72 Agxlr 0.48 2.79
Agplr 0.92 2.75 Agylr 0.5 2.78
Agpslr 0.85 2.75 Agyslr 0.48 2.79
TableS4. The E, values for Ag, and Ag, Ir clusters.
Agn  Eu(eV)  Agnlr Ey(eV) Agn  Ey(eV)  Agnlr Ey(eV)
Ag;  0.89 Aglr 1.54 Ags 1.71 Agylr 2.05
Agy 1.17 Agslr 1.62 Agie 1.74 Agslr 2.06
Ags 1.27 Agylr 1.75 Agiy 1.76 Agielr 2.06
Age 1.44 Agslr 1.80 Ags 1.80 Agilr 2.07
Ag; 1.46 Agglr 1.95 Agiy 1.81 Agiglr 2.06
Agg 1.56 Aglr 1.98 Agyo 1.83 Agiolr 2.07
Agoy 1.53 Agglr 2.04 Ags 1.82 Agyolr 2.08
Agy 1.59 Agolr 2.09 Agxn 1.83 Agylr 2.09
Ag;;  1.60 Agolr 2.06 Agy; 1.83 Agplr 2.08
Agi, 1.65 AgpIr 2.06 Agy, 1.85 Agyslr 2.08
Ag;;  1.66 Agpplr 2.04 Agos 1.85 Agoulr 2.07




Ag14 1.71 Ag1311' 2.05 Ag2() 1.87 AngIr 2.07

TableS5. The A,E and E™" Edm values for Ag, and Ag, Ir clusters.

AzE(eV EAglmon(eV EAgzdim(eV Agn— AzE(eV EAglmon(eV EAgzdim(GV EIrmon(eV EAgIrdim(eV

Agy

) ) ) Ir ) ) ) ) )
Ag; -1.14 0.86 0.86 Aglr 0.21 2.09 2.81 2.81 2.09
Agy 0.31 2.00 1.06 Agslr -0.38 1.88 2.16 3.83 1.91
Ags -0.60 1.69 1.89 Aglr 0.21 2.25 2.33 4.08 3.30
Age 0.68 2.28 2.17 Agslr -0.85 2.04 2.50 4.44 3.34
Ag; -0.66 1.60 2.08 Agelr 0.75 2.89 3.13 5.05 4.55
Agg 0.93 2.26 2.05 Agilr -0.39 2.14 3.23 5.58 4.40
Agy -0.57 132 1.78 Agglr -0.07 2.53 2.87 5.86 5.33
Ag

0.39 2.11 1.63 Agolr 0.94 2.60 3.33 7.14 5.68
0
Ag

-0.43 1.73 2.04 Agiolr -0.46 1.66 2.46 6.91 6.02
1
Ag

0.32 2.15 2.08 AgyIr 0.29 2.12 1.98 7.09 6.25
2
Ag

-0.52 1.84 2.19 Agplr -0.36 1.83 2.15 6.76 6.14
3
Ag

0.65 2.36 2.39 Agslr 0.22 2.19 2.21 7.15 6.17
4
Ag

-046 1.71 2.26 Aglr -0.20 1.97 2.33 6.72 6.33
5
Ag

0.10 2.17 2.07 Agislr 0.03 2.17 2.33 7.18 6.10
6
Ag

-0.31 2.07 243 Agilr -0.03 2.14 2.50 7.27 6.54

Ag 037 238 2.65 Ag/lr 0.16 2.17 2.51 7.37 6.66




Ag

-0.34 2.01 2.59 Agplr  -0.23 2.01 2.38 6.89 6.60
9
Ag,
0.81 2.35 2.56 Agolr 0.04 2.24 2.45 7.12 6.35
0
Ag,
-0.54 1.55 2.10 Agylr  -0.13 2.19 2.63 6.96 6.53
1
Ag,
027 2.09 1.83 Agylr 0.51 2.32 2.72 7.75 6.50
2
Ag,
-0.37  1.82 2.11 Agplr  -0.31 1.81 2.34 7.45 6.79
3
Ag,
027 2.19 2.21 Agylr 0.24 2.13 2.14 7.76 6.80
4
Ag,
-0.56 1091 2.30 Agylr  -0.23 1.88 2.21 7.47 6.87
5
Ag,
2.48 2.59 Agyslr 2.11 2.19 7.74 6.80
6
TableS6. The Eyomo-Lomo values for Ag, and Ag, Ir clusters.
Ag, Enomo- Agy Enomo- Agy, Enomo- Agy Enomo-
Lomo(eV) Ir Lomo(eV) Lomo(eV) Ir Lomo(eV)
Ags 0.31 Aglr 0.31 Ag 0.18 Aglr 0.20
5
Agy 0.84 Agslr 0.01 Ag 0.68 Agslr 0.72
6
Ags 0.38 Agylr 0.22 Ag 0.16 Agelr 0.32




Age 2.21 Agslr 0.28 Ag; 0.76 Ag/Ir 0.64

Ag; 0.34 Agglr 0.65 Ag; 0.16 Agiglr 0.22
9

Agg 2.32 Agilr 0.75 Ag, 1.15 Agiolr 0.66
0

Agy 0.27 Agglr 0.69 Ag, 0.15 Agyolr 0.22
1

Ag, 1.11 Agolr 1.64 Ag, 0.53 Agylr 0.66
0 2

Ag 0.21 Agiolr 0.16 Ag, 0.15 Agplr 0.19
1 3

Ag 0.88 AgyIr 0.85 Ag, 0.75 Agyslr 091
2 4

Ag 0.18 Agplr 0.15 Ag, 0.13 Agylr 0.17
3 5

Ag 1.11 Agslr 0.53 Ag, 0.82 Agyslr 0.66
4 6

TableS7 The O, adsorption energy, the Bader charge of O, (Qo2), Ag (Qag), the bond length of O-
O bond for O, adsorption on Ag,,.

O,/Ag, Eas(eV)  Qo2(eV) Qag(eV) Ro.o(A)
0,/Ag; 1.18 -0.53 0.53 1.33
0,/Agy 0.43 -0.53 0.53 1.32
0,/Ags 0.98 -0.61 0.61 1.34
0,/Age 0.17 -0.21 0.21 1.25
0,/Ag; 0.78 -0.01 0.01 1.32
0,/Agg 0.19 -0.20 0.20 1.26
0,/Agy 0.90 -0.58 0.58 1.34

O,/Ago 0.57 0.01 -0.01 1.31




O./Agy, 0.68 -0.37 0.37 1.34

0,/Ag, 0.45 -0.44 0.44 1.30
O./Ag; 0.73 -0.58 0.58 1.33
O,/Ag4 0.05 0.07 -0.07 1.31
O,/Ag;s 0.62 -0.52 0.52 1.32
0,/Agi6 0.32 -0.52 0.52 1.32
O./Ag17 0.32 -0.06 0.06 1.33
O,/Ags 0.18 -0.25 0.25 1.30
O,/Agy 0.34 -0.56 0.56 1.33
O,/Agy 0.11 -0.16 0.16 1.31
O,/Agy 0.62 -0.55 0.55 1.32
0,/Agx 0.42 -0.43 0.43 1.32
O,/Agys 0.71 -0.28 0.28 1.33
O,/Ago4 0.31 -0.52 0.52 1.31
O,/Agss 0.58 -0.42 0.42 1.35
O,/Agy 0.23 -0.48 0.48 1.30

TableS8 The O, adsorption energy, the Bader charge of O, (Qo2), Ag (Qa), Ir (Qrr), the bond
length of O-O bond for O, adsorption on Ag,Ir

Oy/Ag,iIr Euus(eV) Qo2(eV) Qag(eV) Qu(eV) Ro.0o(A)
O,/Ag,lr 2.71 -0.59 0.17 0.42 1.39
O,/Agslr 2.37 -0.49 0.19 0.30 1.29
Oy/Agylr 1.93 -0.60 0.32 0.28 1.37
O,/Agslr 2.46 -0.53 0.28 0.25 1.29
Oy/Agelr 1.49 -0.54 0.33 0.21 1.32
O,/Agilr 1.93 -0.65 0.45 0.20 1.36
O,/Agglr 1.38 -0.66 0.53 0.13 1.37
Oy/Agolr 0.41 -0.82 0.66 0.16 1.42
O,/Agyolr 1.26 -0.59 0.79 -0.20 1.33

O,/AgIr 0.56 -0.52 0.74 -0.22 1.32




Oy/Agpolr 1.10 -0.01 0.32 -0.31 1.34

O,/Ags3lr 0.71 -0.41 0.08 -0.49 1.34
O,/Ag4lr 0.98 -1.04 1.14 -0.10 1.33
O,/Ag;slr 0.43 -0.35 0.64 -0.29 1.33
O,/Agelr 0.64 -0.57 0.79 -0.22 1.33
O,/Ag7Ir 0.47 -0.56 0.78 -0.22 1.32
O./Agslr 0.71 -0.65 0.86 -0.21 1.32
O,/Agolr 0.45 -0.51 0.77 -0.26 1.33
Oo/Agyolr 0.76 -0.60 0.85 -0.25 1.34
O,/AgyIr 0.39 -0.54 0.76 -0.22 1.28
Oo/Agylr 0.89 -0.57 0.83 -0.26 1.32
O,/Agnslr 0.41 -0.38 0.68 -0.30 1.31
Oo/Agyylr 0.73 -0.68 0.92 -0.24 1.34
O,/Agyslr 0.34 0.04 0.31 -0.35 1.31

TableS9. The O, dissociation barriers and the O-O distance (b) of the transition states of O,

adsorption on Ag, and Ag,Ir (n = 3-26) clusters.

Ag, Barrier(eV) R(0-0)/A Ag, . Ir Barrier(eV)  R(0-0)/A

Ags 2.41 2.39 Aglr 0.80 1.81
Ag, 1.96 2.58 Agslr 0.89 1.88
Ags 2.33 2.54 Aglr 0.56 1.88
Ags 2.35 231 Agslr 0.73 1.77
Ag; 1.94 1.80 Agglr 0.58 2.03
Ags 2.09 2.24 Agilr 0.77 2.18
Ago 1.59 2.04 Agglr 0.34 1.96
Agio 1.37 2.02 Agolr 0.53 1.77
Agiy 2.47 2.21 Agyolr 2.00 2.49
Agis 1.42 1.91 Agpslr 1.47 2.12
Agis 1.42 1.89 Aglr 1.41 1.97
Agio 1.71 1.97 Agyslr 2.02 2.02
Ago 1.54 1.85 Agyolr 1.59 1.99
Agos 1.81 1.98 Agor 1.55 1.92

Agyg 1.49 1.96 Agyslr 1.30 1.96




TableS10. K and k (s!) are the equilibrium constant and O, direct dissociation rate
constant, respectively. 0, and 0* are the coverages of O, and free sites of the clusters.
r (molecules's™! -site!) for O, direct dissociation process at T=600 K and Po, =3x10"
Pa.

Agn
Clusters K k 0o, 0. 0o, * 0. r
Ag;s 4.0x10° 1.5x107  1.2x10°10 1 1.2x10°10  1.8x10°17
Agy 2.1x10°12 4.4x10*  6.4x10°V7 1 6.4x1017  2.8x1020
Ags 8.5x108 3.4x107  2.6x10712 1 2.6x1012  8.8x10°1?
Agg 1.4x101%  7.0x107  4.2x101 1 4.2x1019  2.9x1025
Agy 1.8x10° 7.6x104  5.4x1014 1 5.4x1014  4.1x10°17
Ags 2.1x10%  99x10°5  6.2x10°1? 1 6.2x101°  6.2x10%
Ago 1.8x108 34 5.5%1013 1 5.5%1013 1.9x1012
Agio 3.1x101 0.60 9.4x10-16 1 9.4x1016  57x1016
Ag 2.6x10°10  3.8x10°  7.9x10°13 1 7.9x10°15  3.0x1023
Agy 1.4x10°15 12 4.2x10-20 1 4.2x1020  4.9x10°1°
Agis 1.7x10714 29 5.1x1071° 1 5.1x101  1.7x10714
Agio 3.7<10°183  9.0x102  1.1x10°17 1 1.1x10"7  1.1x1018
Agso 4.4x10°15 1.5 1.3x10°1? 1 1.3x10°19  2.0x10°1?
Agos 3.8x10° 11 2.0x102  1.1x10°15 1 L.1x10°5  2.3x10°17
Agas 4.5x1014 11 1.3x10718 1 1.3x101%  1.5x10°17
Ag,qIr
Agolr 2.6x107 3.5x10° 1.00 0.0013 0.013 4.4x103
Agslr 3.7x10% 5.8x10° 0.52 0.47 0.24 1.4x10°
Agylr 7.7 4.0x108 2.3x104 1 2.3x104 9.3x104
Agslr 2.1x10° 1.4x107 0.86 0.17 0.15 1.6x10°
Agglr 1.6x1073 2.1x108 4.8x108 1 4.8x108 10
Agylr 7.7 5.5x10°6 2.3x104 1 2.3x10* 1.3x103
Agglr 1.9x104 3.6x10° 5.8x107 1 5.8x107 21
Agolr 1.5x10°12  7.0x108  4.4x10"7 1 4.4x10°"7 3.1x108
Agiolr 1.9x10°  3.6x10*  5.7x10710 1 5.7x10°10  2.1x10-13
Agyslr 4.7x10710 7.0 1.4x1014 1 1.4x10%  9.9x1014

AgyIr 4.6x10712 0.57 1.4x10-16 1 1.4x10-16  8.0x10-7




Agslr
Agolr
Agolr
Agyslr

4.7x1010
3.1x10°12
6.9x10-1°
3.8x10°13

7.6x107
1.2
1.9

1.8x10?

1.4x10-14
9.4x10°17
2.1x1014
1.1x10-17

1.4x10-14
9.4x10°17
2.1x10-14
1.1x10-17

1.1x10-18
1.1x10°1
3.9x10-14
2.0x10°15

TableS11. K and k (s™!) are the equilibrium constant and O, direct dissociation rate

constant, respectively. 0, and 6* are the coverages of O, and free sites of the clusters.

r (molecules-s™! -site!) stand for the reaction rate for O, direct dissociation process at

T=600 K and Py, =3x10Pa.



Ag,

Clusters K k 0o, 0. 00, * 0. r
Ag; 4.0x10¢  1.5x107  1.2x10° 1 1.2x10°  1.8x10°16
Agy 2.1x10°12  4.4x10*  6.4x101° 1 6.4x10-16  2.8x10-1?
Ags 8.5x10%  3.4x107  2.6x10°!! 1 2.6x101  8.8x10°18
Ags 1.4x10%  7.0x107  4.2x108 1 42x1018  2.9x10%4
Ag; 1.8x10°  7.6x10%  5.4x10°13 1 5.4x1013  4.1x1016
Agsg 2.1x10%  9.9x10°  6.2x10!8 1 6.2x10"1%  6.2x10-22
Agy 1.8x108 34 5.5x10-12 1 5.5x10-12 1.9x10°!
Agyo 3.1x10°1 0.60 9.4x10°15 1 9.4x10°15  5.7x10°15
Agi 2.6x1010  3.8x10°  7.9x104 1 7.9x10-14  3.0x1022
Agyy 1.4x10°1 12 4.2x101° 1 42101 4.9x1018
Agig 1.7x10-14 29 5.1x10-18 1 5.1x10°18  1.5x10-16
Agpo 3710183 9.0x102  1.1x10-1 1 L.1x1016  1.1x10"7
Aga 4.4x10°1 1.5 1.3x1018 1 1.3x1018  2.0x1018
Agos 3.8x10-11  2.0x102  1.1x10-14 1 1.1x10%  2.3x1016
Agas 4.5x1014 11 1.3x10°17 1 1.3x10"7  1.5x10°16

AgyIr
Agolr 2.6x107 3.5x106 1.00 0.00013  0.00013 4.4x103
Agslr 3.7x10* 5.8x10° 0.92 0.082 0.076 1.4x10°
Agylr 7.7 4.0x10%  2.3x1073 1 2.3x1073 9.3x10%
Agslr 2.1x10° 1.4x107 0.98 0.016 0.015 1.6x108
Agglr 1.6x103  2.1x10%  4.8x107 1 4.8x107 10
Agilr 7.7 5.5x10¢  2.3x10* 1 2.3x1073 1.3x10°
Agglr 1.9x104  3.6x10°  5.8x10% 1 5.8x108 21
Agolr 1.5x1012  7.0x10%  4.4x1016 1 4.4x101¢  3.1x108

Agolr 1.9x10°  3.6x10*  5.7x10° 1 5.7x10°  2.1x10°13

Agpslr 4.7x1010 7.0 1.4x10°13 1 1.4x10-3  9.9x10-14

AgyIr 4.6x10712 0.57 1.4x10°1 1 1.4x1015  8.0x10"7

Agglr 47x1010  7.6x10°  1.4x10°13 1 1.4x10°183  1.1x10718




Agyolr 3.1x10-12 1.2 9.4x10-16 1 9.4x10-16  1.1x10-1°
Agolr 6.9x10-1 1.9 2.1x10713 1 2.1x1013 3.9x1014
AgysIr 3.8x10°13  1.8x10>  1.1x10°1¢ 1 L.1x1016  2.0x1015

TableS12. The bond length, coordination numbers (CN), Emen, Edim O, adsorption energy (E,gs) of

Agyo, Agglr for PBE and TPSS functional.

Agio PBE TPSS Agglr PBE TPSS
R(Ag-Ag)/A 283 2.77 R(Ag-Ag)/A 2.92 2.85
- - - R(Ag-Iry/A 2.68 2.65
CN(Ag-Ag)  4.80 4.80 CN(Ag-Ag) 3.75 3.75
- - - CN(Ag-Ir) 1 1
Emon /(eV)  2.11 2.27 Emon/(eV) 2.53 2.83
Edim /(eV) 1.63 1.87 Edin/(eV) 2.87 3.22
Eois /(eV) 0.57 0.38 Eoas/(eV) 1.38 1.45

Fig. S1 : Total densities of states of two typical clusters : Age (left) and AgsIr (right)clusters.
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