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Figure S1.The absolute variation of the formation energy of isolated O* adatomsin the
strain variation range(£5%).
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Figure S2. Top and side views of isolated O atom adsorbed on the Cd (0001) facet at
(a) 2% stain, and (b) 3% strain. Large balls represent metal atoms and small red balls
represent oxygen atom.
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Figure S3. Top and side views of isolated O atom adsorbed on the Ti (0001) facet at
(a) -4% stain, (b) -3% strain, and (c) -2% strain.
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Figure S4.Top and side views of isolated O atom adsorbed on the Zr (0001) facet at (a)
-4% stain, (b) -3% strain, and (c) -2% strain.
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Figure S5.Top and side views of isolated O atom adsorbed on the Hf (0001) facet at (a)
-4% stain, (b) -3% strain, and (c) -2% strain.
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Figure S6.Top and side views of isolated O atom adsorbed on the Zn (0001) facet at
(a) -4% stain, (b) -3% strain, and (c) -2% strain.
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Figure S7.Top and side views of isolated O atom adsorbed on the Au (111) facet at (a)
-5% stain, and (b) -4% strain.
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Figure S8. Formation energy of two INN O*adatoms on unstrained close-packed
metal facets as a function of (a) the d-band center €4and (b) the second moment of

c
electronic density of states distribution ™2, Formation energy of two INN O*adatoms

on (c) Pd(111) and (d) W(110) as a function of the d-band center shift Agq . The g4 (in

Cc
a) and m; (in b) are taken from the work of Nerskovet al.! The numbers (in ¢ and d)

represent the applied strain.
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Figure S9.The absolute variation of the formation energy of twolNN O* adatomsin
the strain variation range(+5%).
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Figure S10. Top and side views of two 1NN O atoms adsorbed on the Cd (0001) facet
at (a) +3% stain, and (b) +4% strain.
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Figure S11. Top and side views of two INN O atoms adsorbed on the Ag (111) facet
at -5% strain.
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Figure S12. Top and side views of two INN O atoms adsorbed on the Au (111) facet
at (a) -5% stain, (b) -4% strain, and (c) -3% strain.
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Figure S13. Top and side views of two 1NN O atoms adsorbed on the Zn (0001) facet
at (a) -4% stain, (b) 0% strain, and (c) +4% strain.
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Figure S14.Slices of electron density plots of two 1NN O atoms adsorbed on Pt(111)
under the strain (ranging from -5% to +5%). The corresponding strain values are
marked in (a) — (k). The white cycles in (f) denote the projected sites of two O*
adatoms. The normal direction of slice is [001] of slab model and z= 6.96 Awhich is
the vertical position of surface Pt atoms of O-free and unstrained Pt(111).The electron
density shape of Pt atom sandwiched by two O atoms changes obviously with the
applied strain, the trend of which is consistent with the variation of Efy,. The
spherical symmetric electron density of Pt atoms away from two O* adatoms is
reversed from -5% to +1% strain, while electron density of Pt atoms adjacent to two
O* adatoms is not symmetric within the whole strain range.The variation of electron
density indicates that due to O atoms adsorption, all surface Pt atoms could not
correspond to the global strain uniformly.
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Figure S15. Slices of electron density plots of two INN O atoms adsorbed on W(110)
under the strain (ranging from -5% to +5%). The corresponding strain values are
marked in (a) — (k). The white cycles in (f) denote the projected sites of two O*
adatoms. The normal direction of slice is [001] of slab model and z= 6.64 A which is
the vertical position of surface W atoms of O-free and unstrained W(110). The
electron distribution of density and shapeof each W atom is almost similar to one
another under the same strain, which indicates that all surface W atoms follow form
the strain variation in a similar fashion.
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Figure S16. O* adatom diffusion on Ir(111). Energy profiles over

Energy (eV)

05f

04

03

0.2

01

0.0}

043/ /

/i 030

T8 FS

€00 000 000
000 ©00 000

000 000 000
000 ©060 000

(b)

051

04}

03

Energy (eV)

02}

01}

0.0

051/ /

/i0as

e 5%
0%

111 Y

0o o0 o¥e

000 ©00 ©60 %bb
000 000
000 000 ©00

IS

T8

&

e
P43

00
000
000

©
00

~

%

00

00
000
000

o0

a) isolated-O*

model and (b) double-O* model. (c), (d), (e) and (f) Key structures of the O* adatom
diffusion. The panels are the top view, the bottom panels are the side view.
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Table S1 Comparison between PW91 and PBE functionals (eV)

Model Strain Etom ABtorm ABfom %
PW9I PBE PW9I PBE PW9l PBE
. 5% <157 -1.50
0%  -1.82 -174 084 081 46%  47%
Isolated-O™ o) L4123
. 5% <149 -1.40
Doinege 0% L7869 076 074 43%  44%
5%  -225 215
o 5% -091 -0.80
otedoe 0% 122 -LIL 070 071 ST% 4%
5% 161  -151
o 5% -0.75  -0.64
bopege 0% L3 -LO3 080 082 71%  80%
5%  -155  -1.46
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Table S2 Effect of dispersion correction on formation energy (eV)

Model Strain = Egorm  Eaip  ALform  AEform-D3  AEfm%  AEgm%-D3

Ir 5%  -1.57 -0.16

Isolated-O* 0% -1.82 -0.15 084  0.88 46% 45%
5% -241 -0.19

Ir 5%  -1.49 -0.15

Double-O* 0% -1.78 -0.15 0.76  0.79 43% 41%
5% -2.25 -0.18

Pt 5%  -091 -0.13

Isolated-O* 0% -1.22 -020 0.70  0.71 57% 50%
5% -1.61 -0.14

Pt 5%  -0.75 -0.13

Double-0* 0% -1.13 -021 080  0.83 71% 62%
5% -1.55 -0.16
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Table S3. Relative change of interplanar spacing between surface and 1% subsurface (dgy.-1%u).

Metal Relative change of dg..;%s, under the strain (%)

facet S% 0 4% 3% 2% -1% 0% 1% 2% 3% 4% 5%
Sc(0001) 5 4 3 2 1 0 -1 -2 -3 -3 -4
Ti(0001) 5 4 3 2 1 0 -1 -1 -2 -3 -3
V(110) 9 7 5 4 2 0 -1 -2 -4 -5 -6
Cr(110) 5 4 3 2 1 0 -1 -2 -3 -4 -5
Fe(110) 4 3 2 2 1 0 -1 -2 -2 -3 -4
Co(111) 4 3 2 1 1 0 -1 -1 -2 -3 -3
Ni(111) 4 3 3 2 1 0 0 -1 -2 -3 -3
Cu(111) 5 4 3 2 1 0 -1 -2 -2 -3 -4
Zn(0001) 4 2 2 1 1 0 -1 -1 -2 -2 -6
Y(0001) 3 2 2 1 0 0 -1 -1 -2 -3 -3
Zr(0001) 6 4 3 2 1 0 -1 -1 -2 -3 -3
Nb(110) 7 6 5 3 2 0 -1 -3 -4 -5 -6
Mo(110) 5 4 3 2 1 0 -1 -2 -3 -4 -5
Tc(0001) 3 2 2 1 0 0 -1 -1 -2 -3 -3
Ru(0001) 3 2 2 1 1 0 -1 -2 -2 -3 -4
Rh(111) 3 3 2 1 1 0 -1 -1 -2 -3 -3
Pd(111) 4 4 3 2 1 0 -1 -2 -3 -4 -5
Ag(111) 7 5 3 3 2 0 -1 -2 -3 -4 -5
Cd(0001) 3 2 2 2 0 0 0 -2 -2 -3 -6
Hf(0001) 3 3 2 1 1 0 -1 -1 -2 -2 -3
Ta(110) 7 5 4 3 1 0 -1 -2 -4 -5 -6
W(110) 5 4 3 2 1 0 -1 -2 -3 -4 -5
Re(0001) 4 2 2 1 1 0 -1 -1 -2 -3 -3
Os(0001) 3 3 2 2 1 0 -1 -1 -2 -3 -3
Ir(111) 3 2 2 1 1 0 -1 -1 -2 -3 -3
Pt(111) 5 4 3 2 1 0 -1 -3 -4 -5 -7
Au(111) 10 9 7 6 3 0 -1 -2 -4 -5 -6
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Table S4. Formation energy of isolated O atom on the metal close-packed facet.

Metal Egm of isolated O* (eV)

facet -5% -4% -3% 2% -1% 0% 1% 2% 3% 4% 5%

Sc(0001) -6.14 -6.20 -6.27 -634 -640 -645 -650 -654 -6.57 -6.60  -6.65
Ti(0001) -590 -5.80 -5.76 -5.69 -559 -556 -5.56 -5.55 -555 -557 -5.63
-5.412
V(110) -496 -503 -505 -507 -504 -507 -506 -505 -5.07 -5.11 @ -5.12
Cr(110) -422 425 428 435 442 447 452 455 453 450 -449
Fe(110) -3.31  -334 -338 -341 -345 -350 -355 356 -353 -351  -3.08
-3.433
Co(111) -243 247 251 255 259 263 -2.65 268 272 -276  -2.80

-2.254
Ni(111) -222 229 235 240 245 250 -253  -257 260 -2.63 -2.66
-5.90-5.44°
Cu(111) -1.61  -161 -165 -172 -174 -178 -1.82 -1.85 -1.88 -190 -1.93
-5.18  -4.80°
Zn(0001) -184 -180 -1.79 -183 -191 -2.04 -2.14 -225 -237 -250 -26l
Y(0001) -592 598 -6.03 -609 -614 -620 -625 -630 -635 -639 -6.43
Zr(0001) -584 -584 -576 -571 -564 -560 -558 -558 -556 -553 -552

-9.00 -8.777
Nb(110) -4.45 452  -459 463 465 -469 475 477 479 -482 -485
-5.08%
Mo(110) -4.01 -4.02 -406 -410 -415 -418 -420 -421 -423 -424 -421
-1.58  -7.35°

Tce(0001) -3.21 -328 -333 -340 -348 -358 -3.68 -377 -381 -388 -394
Ru(0001) -2.67 -2.74 -281 -288% -295 -3.05 -3.13 -319 -325 -330 -331

27110
Rh(111) -1.99  -2.00 -202 -206 -210 -213 -216 -220 -224 -229 -2.36
-5.53-5.221
Pd(111) -1.14 -122 -128 -134 -138 -142 -146 -149 -1.51 -1.55  -1.59
-1.48"2

Ag(111) -049 -052 -052 -055 -060 -065 -068 -070 -0.69 -0.71 -0.72
-4.05 -3.8213

Cd(ooo1) -125 -1.21  -123  -129 -136 -144 -1.54 -1.65 -1.81 -1.90 -1.94
Hf(0001) -6.01 -5.86 -578 -574 -572 -573 -576 -580 -583 -586 -5.93
Ta(110) -4.68 477 -485 -494 -500 -504 -510 -517 -5.11 -5.14 -5.18
W(110) -395  -4.02  -407 -414 422 429 434 437 439 -443 -444

-4.16'4
Re(0001) -3.24 -327 -332 -341 -352 -363 -375 -3838 -394 -397 -4.03
Os(0001) -2.30 -2.38 -248 -262 -276 -282 -291 -3.00 -3.09 -314 -3.18
Ir(111) -1.57  -162 -166 -172  -177 -182 -189 -196 -2.06 -222 -241
-5.22-4.57"
Pt(111) -091  -092 -099 -106 -1.14 -122 -131 -143 -1.51 -1.58  -1.61
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Au(l1l) 020  0.32

-1.0316
0.16 -0.04 -027 -035 -037 -042 -0.49
-3.75-3.3817

-0.51  -0.51

Formation energyFErm
represented in bold.

taking the energy of free oxygen atom as

21
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Table S5. Fitting line of the formation energy of isolated O*adatoms and the metal’s
valency.

) Slope Intercept
Strain Period4  Period 5  Period 6 Period4  Period 5  Period 6
-5% 0.54 0.62 0.84 -7.67 -7.76 -9.09
-4% 0.54 0.63 0.84 -7.70 -7.83 -9.12
-3% 0.54 0.62 0.82 -7.72 -7.85 -9.03
2% 0.53 0.62 0.80 -7.72 -7.86 -8.97
-1% 0.52 0.61 0.78 -7.69 -7.85 -8.90
0% 0.52 0.61 0.77 -7.67 -7.86 -8.91
1% 0.51 0.60 0.77 -7.67 -7.88 -8.97
2% 0.50 0.60 0.77 -7.65 -7.89 -9.01
3% 0.50 0.59 0.75 -7.62 -7.87 -8.95
4% 0.49 0.59 0.75 -7.60 -7.87 -8.96
5% 0.49 0.58 0.75 -7.58 -7.87 -9.01
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Table S6. Formation energy of twol NN O*adatoms on close-packed metal facets.

Metal Egym of two O* (eV)

facet -5% -4% -3% -2% -1% 0% 1% 2% 3% 4% 5%

Sc(0001) -6.14  -6.21 -6.27  -634 -639 -644 -648 -6.52 -6.55 -6.58  -6.61
Ti(0001) -5.66 -562  -562 -560 -558 -558 -558 -558 -559 -559 -561
V(110) -499 504 -507 -509 -508 -509 -5.09 -508 -509 -5.11 -5.12
Cr(110) -418  -420 -424 429 433 437 441 -4.45 444 442 442
Fe(110) -3.23 325 332 334 339 343 346 348 345 345 -3.38
Co(111) -232 235 238 241 -245 248 252 256 260 -2.64  -2.69
Ni(111) -2.04 -209 -215 220 225 231 -235 240 244 248 0 -2.52
Cu(111) -146  -147 -149  -1.51 -1.54  -158  -1.62 -1.66 -1.69 -1.73 -1.77
Zn(0001) -190 -187 -18 -190 -196 -2.05 -2.13 -222 -232 -243 -2.51
Y(0001) -5.91 -596  -6.01 -6.07  -6.12  -6.17  -6.21 -6.26 -630 -634  -638
Zr(0001)  -5.63  -5.67 -5.66 -565 -563 -5.61 -5.61 -5.61 -5.61 -5.60  -5.59
Nb(110) -452 457 463 466 468 472 476 -478 -479 480 -4.82
Mo(110)  -3.87 -3.89 -393 -398 -403 -407 -4.11 -4.14 416 417 -4.16
Tc(0001) -3.18 -324 -329 -336 -344 -352 -3.61 -3.69 -3.75 -3.81 -3.87
Ru(0001) -2.58  -2.65 -2.71 -2.78 284 292 298 -3.03 -3.07 -3.10 -3.11
Rh(111) -1.85  -188 -192 -196 -200 -2.03 -2.07 -2.11 215 219 224
Pd(111) -1.01 -1.07  -1.14  -1.21 -1.27  -1.31 -1.34  -138 -142 -146  -1.50
Ag(111) -039  -035 -033 -034 -039 -043 -046 -049 -0.51 -0.55 -0.58
Cd(oo1) -1.28 -1.24 -1.26 -1.31 -1.36 -144 -152 -160 -1.68 -1.82  -1.88
Hf(0001) -5.84 -578 -575 -574 -574 -574 -576  -5.78  -5.81 -5.84  -5.88
Ta(110) -475 -484 -491 -498  -503 506 -5.09 -513  -5.11 -5.11 -5.13
W(110) 38 393 399 404 410 415 420 -424 428 432 435
Re(0001) -325 -328 -333 -342 -352 -363 -373 -385 -391 -394 -3.99
Os(0001) -228 -236 -245 -257 -267 -273 -280 -2.88 -295 -299 -3.02
Ir(111) -149 -154 -160 -l166 -1.72 -1.78 -1.83 -1.89 -198 -2.11 -2.25
Pt(111) -0.75 -077 -084 -093 -1.03 -1.13 -123 -134 -143 -150 -1.55
Au(111) 0.27 0.22 0.17 0.04 -0.11 -0.18  -022  -029 -037 -042 -045
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Table S7. Fitting line of the formation energy of two 1NN O*adatoms and the metal’s
valency.

) Slope Intercept
Strain Period4  Period 5  Period 6 Period4  Period 5  Period 6
-5% 0.54 0.62 0.84 -7.60 -7.68 -9.07
-4% 0.54 0.63 0.84 -7.64 -1.77 -9.07
-3% 0.54 0.63 0.83 -7.69 -7.82 -9.07
2% 0.54 0.63 0.82 -7.72 -7.85 -9.05
-1% 0.54 0.63 0.80 -7.72 -7.87 -9.01
0% 0.53 0.62 0.79 -7.72 -7.89 -8.99
1% 0.53 0.62 0.79 -7.71 -7.91 -9.01
2% 0.52 0.62 0.78 -7.70 -7.92 -9.01
3% 0.51 0.61 0.77 -7.68 -7.93 -8.97
4% 0.51 0.60 0.76 -7.65 -7.90 -8.95
5% 0.50 0.60 0.75 -7.64 -7.90 -8.97
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Table S8 Comparison between formation energy and free energy (eV)

Model Strain  Egon  AZPE-TAS  AEgym AG  AEgm% AG%

I 5% -1.57 020

lolte.or 0% C182 014 0.84  0.88 46%  53%
5% 241 0.15

I 5% -1.49 021

Doubleor 0 178 027 0.76 081 43%  54%
5% 225 0.16

- 5% 091 0.15

lolteq.or 0% 122 o 0.70 077 57%  69%
5%  -1.61 0.08

- 5% 075 0.16

S O RE AT 0.80  0.84 71%  84%
5%  -1.55 0.13
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