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S1: Lattice parameters and illustrations of the bulk crystal structures:
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Table 1: The calculated and experimental (e) lattice parameters. Where no experimental
information was available, other theoretical (t) values have been used for comparison.

Figure 1: Illlustrations of the most stable bulk crystal structures of the metal oxides.
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S2: Stability plots

Stability diagrams for the most close-packed surface terminations, different rutile steps and for the
PtO4 adsorption on the steps and in the first surface layer are shown in the figures below. The
figures were made by adding (or subtracting) oxygen atoms to (or from) the metal oxide surfaces
with the stoichiometric ratio of metal and oxygen atoms.

The adsorption values at U = 0 V were calculated with use of Eq. (1).

AG (X0 )=G(MO+X0") - G(MO) — XG (H,0) + XG (H,), (1)

in which x represents the number of adsorbed oxygen atoms. The free energy dependence on
potential is obtained by relating the free energy of protons and electrons to the free energy of
hydrogen in the gas phase according to the Standard Hydrogen Electrode (SHE) concept. [8]

Following this concept the free energy value of AGU(XO*) at any potential is given by Eq. (2).
AGU(XO*)=AGU20(XO*)—2XU (2)
Similar equation was used to calculate the free energies of oxygen vacancies at varying U.

AG U (XO ) =AG U=0 (XO vac ) +2xU (3)

Stability plots for the most stable metal oxide surface terminations

6 T T T T T T T T T T 6 T T T T T T T T r T
— stoichiometric
T — +10,, N
4 +10,,
s / ™
S 3 O :
~ 2 - — 3
O ¢ = o
" — < = - < q 2+ _
I_ . 1 1+ 7
1+ — 0
2 1 ] . ] . ] L 1 . L 1 | L | 1 1
0 0.2 0.4 0.6 0.8 1 1.2 0 0.2 0.4 0.6 0.8 1 12
uw u/nv
6 T T T T T 8 T T T T T
— stoichiometric Lo .
51 N — — stoichiometric
vac 6 — +10, —
4k +10,, _ +10,,
3 N n. -
Q) 2 N >
O o - O 3
[} &}
c Tt - o 2 -
wn . N
O
1 — |
2 Y S S A 2 PR S I E T I I
0 02 0.4 0.6 0.8 1 1.2 0 0.2 0.4 0.6 0.8 1 12
u/nv unv



Electronic Supplementary Material (ESI) for Physical Chemistry Chemical Physics

This journal is © The Owner Societies 2013

NbO,

0-Ta,0s5

TiO,

SnO,

NbO,

AG /eV

AG eV

AG /eV

AG /eV

T T T T T T T T T T T T T T T
— uep
— sep+10 — step
step+ 10, — sep+10, ]
4F — step+ 10,
NS 4 2 i
I Q
. < ]
o |
1 L 1 1 1 L 1 1 1 L 1 L 1 1
0.2 0.4 0.6 0.8 1 1.2 0.2 04 0.6 0.8 1 12
Uun Uu/nv
T T T T T T T T T T
— step — step
— step+ 10, T siep* 20,
4 siep+10,, — sep+ 10, T
sep+10, |
> ]
L
r — 5
1 =
(
L 1 L 1 " 1 " 1 " 1 L 1 1 1 1
) 02 0.4 0.6 0.8 1 1.2 0.2 0.4 0.6 0.8 1 12
Umn u/nv
T T T T T T T T T T
— uep
a4 siep+ 10,
— step+20,,
— step+30,,
2 N -
>
¢
0 ©
3
a2k i
g .
} P AU N U R M
0 0.2 04 0.6 0.8 1 1.2
un

AG eV

4F

6 — +20,

stoichiometric
+10,,

I — +30,

3 1 | 1 | 1 | 1 |

0 0.2 0.4 0.6 0.8

— stoichiometric
— +10__

— +20
vac

-6~ +30
vac

urmnv
Figure 2: Stability plots for the most stable metal oxide surfaces. The equilibrium surfaces at U =

0.85 - 0.96 V correspond to the lowest free energy lines in this range.

SIO,

AG /eV

AG eV

AG eV

2 T T T T T
— stoichiometric
1~ +10,, 4
— +10H  +1H
O
> -
2
e .
3 ]
.4 
s PR R NI RS N R
0 0.2 04 0.6 0.8 1 1.2
uU/Nv
I 1 I ' I I
4 _
Py _
0
> 2
2
O 4 stoichiometric
< — +10,
6
+20_,
8 — +30,
— +40,
o _ +50,,
o
0 0.2 0.4 0.6 0.8 1 1.2
unv

(001) with PtO, row

T T T
A= 4
b 4
—
0
ok
e J
! | | | |
02 0.4 0.6 0.8 1 12
u/nv

1 L 1

L Il L L
0.2 0.4 0.6 0.8 1 12

u/nNv

Figure 3: Stability plots for the rutile step surfaces, <001> and <1I 1> with and without an
additional PtO; row.
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(001) step (111) step (111) with a PtO, row

TiO,

SnO,

NbO,

Figure 4: The most stable rutile step surfaces at U = 0.85- 0.96 V. The first two columns show the
snapshots of 001 and 111 steps while the third column shows the illustrations of the <001>

surfaces with an addltlonal PtO, row. The boxes denote the unit cells sizes with the smallest
periodicity.
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Stability plots for the most stable metal oxide surfaces in which one unit oxide
unit is substituted with Pt;O,.
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Figure 5: Stability plots for PtO, adsorbed in the first layer of the metal oxide 110 surfaces.
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