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The figure S1 is electron density difference (EDD) which calculated using formula;

Quifr = Qassurf — Qsurf —Qa

where Qasurr» Qsurr and Q, represent the total electron density matrix at the adsorbate-bonded

surface, the surface and the single adsorbate molecule, respectively.

(a)

oo
© 00odo o 00®0po o
o 0000 O 0090000
N
Negative Charge
(b) Positiye Charge Hg

-0.08 to 0.06

Figure S1. Electron density difference (EDD) calculation on O,-surface, (a) before and (b) after
calculation. EDD change of (1) O,-PdgAu;/Pd(111) and, (2) O,-Pd¢Hgs/Pd(111) with color range

of —0.08 to 0.06 and starts from blue to red.
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We have recalculated all possible arrangements of the surface based on one Palladium atom
surrounded by three Hg atoms, referring to previous work [3], which was established and
verified by both experiment and theoretical studies. We also showed the symmetry inequivalent
arrangements of the surface atoms only, as seen in Figure S2, The binding energy (Ey) in

eV/atom of these models (Figure S2) can be found in Table S1.

The PdgAu;/Pd(111) configurations seen in Figure S2(a) and (b) have the total energies of slab -
125.99 eV and -125.88 eV, respectively. The calculated binding energies are identical as -1.04
eV/atom for two different configurations in Figure S2(a) and (b), respectively, as summarized in
Table S1. In addition, the Pd¢gHg3/Pd(111) configurations in Figure S2(c) and (d) have the total
energies of slab -118.83 eV and -118.36 ¢V, while the binding energies are -0.89 eV/atom and -

0.92 eV/atom, respectively.

Because the difference of stability, indicated by E,, between the atom arrangements is not

significant (less than 4%), we chose the model of Figure S2 (b) and (d) for our calculation and to

neglect the effect of different surface arrangements between Pd-Au and Pd-Hg alloy surface.

S-3



“?:A!A?A!*!A. . ] _' Pd
FERR RS FCRRRRRS *~
”_‘?.&. . _A,A_' A ‘_A.‘ ;.:.l?;?;. '\/Au

._-i.!x " A’L?A!A. LI

¥ Y
LO0CD
:)l'.‘.;‘tx.*.;_._'
VR  Yame
h * ..;.A . “A"
r-'.'b‘—.‘.‘

Figure S2. Surface configurations of the three Au (a and b) or Hg (c and d) atoms surrounding

Pd central atom in a top view.

Table S1 Binding energy (Ey) of possible atom arrangement, eV/atom, calculated based on

Figure S2
The binding energy (Ey)
Catalyst in different surface configurations
(eV/atom)

PdgAuy/Pd(111) @) ®)

-1.04 -1.04
PdgHgy/Pd(111) © @

-0.89 -0.92
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Figure S3. The most stable adsorption configuration of species of O,, OOH, HOOH, OH and O
on the surfaces of Pd(111), PdgAu,/Pd(111), PdgHg,/Pd(111), Pd¢Aus/Pd(111) and

PdsHgy/Pd(111).

Table S2. Activation barriers (E,) and reaction energy (AE) of elementary steps in the synthesis

of H,0, on PdgAus/Pd(111), PdgAu,/Pd(111), Pd(111), PdgHg,/Pd(111), Pd¢Hgy/Pd(111).

Elementary Reactions
Surface 0> | 02* +H* OOH* + H* | OOH* + H*
20% > OOH* > HOOH* | > H*+ O* + OH*

E, eV 1.23 0.62 0.23 0.19
Pd6Au3 a,

AE,eV | -0.72 -0.01 -0.32 -1.21

E, eV 0.74 0.66 0.21 0.17
PdgAul 4,

AE, eV | -0.12 0.11 -0.241 -1.64

E, eV 0.69 0.66 0.35 0.03
Pd(111) 4,

AE,eV | -0.17 0.18 -0.044 127

E eV 0.65 0.62 0.59 0.50
PdgHg; a,

AE,eV | -0.02 -0.08 -0.012 -1.43

E eV 0.63 0.52 0.22 0.23
PdgHgs 8

AE,eV | -049 0.24 -0.58 -1.10
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Figure S4. The trend of potential energy surface, drawn using information in Table S1, for
selectivity determining steps along the two competitive pathways: desirable path (black) and
undesirable one (red) on (a) Pd(111), (b) PdgAu,/Pd(111), (c) PdgHg;/Pd(111), (d)

Pd¢Au;/Pd(111) and (e) PdgHgs/Pd(111). The arrow indicates the activation energy barrier (E,).
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