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1. Derivation of methane combustion rates on oxide Pd-like and Pt-like surfaces
1.1 Derivation of CH,4 reaction rates are limited by C-H bond activation on Pd-O
site pairs for Pd-like surfaces. Suppose all but step 2a and step 4a are quasi-
equilibrated, and the overall rate for methane oxidation rate can be written as

follows:
r, =k,,,[CH,][O] (1a)

or

r, =k [O,11%] (2a)
From the expressions for the equilibrium constant it is possible to get the coverage

density of the main intermediates which can be expressed by [*]

[0, ]:KmPo2 [*] (3a)
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[CH,]= K3aPCH4 [*]

[O] is given by eql, eq2 and eq3

[0] _ k2aKlaP02

=
2k4.1ak3aPCH4

€O,]= 0
[COT=-—T"

6.la

(4)

(5a)

(6a)

When the concentration of CO, is high enough, the surfaces are covered by

COs5*

[CO3] — k6.2ak2aKlaP02 PCOZ [*]
2k4.1ak3aPCH4

In addition, CO* and C* are given by

[CO] — 2k4.lak3aPCH4PCOZ [*]
K5K6.1ak2aK1aP02

4k4.1a2k3a2PCH 2PC02

Cl= : *
[ ] k2a2K1a2K4A2aK6A1aK5P022[ ]

H,O* are described by a equation

H,0 _ o
[H, ]'_ZE__[]

8a

The quasi-equilibrium between OH* and H,O* can be expressed by

K, K [OHT[H,0]=[H,0][0][*]P,

(7a)

(8a)

(9a)

(10a)

(11a)
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Then, OH* can be written as follow

[OH]=\/

k

K, F
2a"*la” O, PHzo[*]

2K7aK8ak4.lak3aPCH4

The relationship of all species can be given by

[*1+ [0, 1+[O]+[CH, ]+ [*]+[CO]+[OH ] +[H,0]+[CO, ] +[CO;] =1

It also can be written as follow

[*]=

1

1 [*1 [

0 I sl ) B [*]

1101, [0]_ [CH,] [C]_[OH] [H,0] [CO,]_ ICO;]

(12a)

(13a)

(14a)

Taken together with all the equations (eq la to eq 12a), eq 14a can be

written as

1 k, K, P,
—=1+K,P, + k2 k‘ -
[ ] 2 4.1a 311PCH4

4k4.lazkaazpcmzpco2

2k
+

4.1a

kaaPcm Pco2 n

P, +
o thzzI(lazI<4.2111(6.1a]<51)022 K5K6.lak2aK1aP02

+

kZaK]aP02 PHO + PHZO + 1
2K, Kk, ko, Py 0K, | K

a"“4.1a"*3a” CH,

6a

2k, kP,

4.1a"3a” CH,

k6.2akZaKl a P02 ] P
Co,

(15a)

In this paper, the surface species of C*, CO were not taken into consideration

owing to the high O, concentration. Hence, the rate equation can be simplified as

follows:

k

2k

2| 1+K,,F, +
4.lak3a PCH

P
2a7KlrzL+K3apCH4 _,_\/

kZaKlaPOZ
kZaKla POZPHZO + PH20 + 1 k6A2ak2a]<1aI)O2
2K7aK8ak4.lak3a PCH4 KSa Kﬁa 2k4.lak3aPCH4

(16a)

)
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1.2 Derivation of CH, reaction rates are limited by C-H bond activation on O*-

O* site pairs on Pt-like surfaces. Suppose all but step 2b (reversible) and step 3b

(irreversible) are quasi-equilibrated, and the overall rate for methane oxidation

rate can be written as follows:

_ kzthth [* ] k2hr[0]

P, = k3b[0]2P 5

(1b)

Besides, from the expression for the equilibrium constants it is possible to get the

coverage density of the main intermediates which can be expressed by [*]

[02] = I<11;P02 [*]

Equation 1b can be simplified to

kbeK F,
[0]= | ———=—[*]
2k3bPCH4 +ky,

Some other species can be given by

Feo
[CO,]=——["]

6.1o

PCO
[CO]= E [*]

XK kbeK P
e 2k3bPCH4+k2/)r

Pro
[H,0]=—"=[*]

KS/J
P k,, K, P
[OH] _ H,0 2bf [*]
K7bK8b 2k3bf)CH4 + k2br

[CO,]=K Ko Koo o, [*]P
Yo 2k3bP CH, +k2br o

(2b)

(3b)

(4b)

(5b)

(6b)

(7b)

(8b)
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The relationship of all species can be given by the Langmuir adsorption

equation,

[*1+ [0, ]+[O]+[*]+[CO1+[OH |+ [H,0]+[CO,]+[CO,] =1

(9b)

Here, the intermediates CH4* were not taken into consideration due to the

rare vacancy sites (*) for methane adsorption. Besides, equation (9b) also can be

written as follow

MESE
1,101 [0] [OH] [CO,1 [CO,] [HO]

[*]

1

[*]

1 [*]

*1 "]

[*]

(10b)

Taken together with all the equations (eq 2b to eq 8b), eq 10b can be written

as
[*]=
1
1+ Kle02 + kzbelbpo2 " PH20 kzbewPo2 4 1 4 Ke,‘zb kzbeu;Po2 Pcoz 4o
2k3bPCH4 + kZbr K7bK8b 2k3bPCH4 + k2br K6.lb 2k3bPCH4 + kZbr K8b
(11b)
Hence, the overall rate for methane oxidation on Pt-like catalysts can be given by:
_ k3bk2be1b
=" 5. folcu %
2k3bPCH4 + k2br
1
1+ Kle02 + kbeKleOz + PHZO kzquKleO2 + 1 TK,, kZbJ‘KleOZ Pcoz + PHZO
2k3bPCH4 + k2hr K7hK8b 2k3bPCH4 + kZbr K()Alb 2k3bf)CH4 + k2br K8b
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(12b)
2. Optimized structure of the oxide (101) layers on (100) metallic

substrates.

Figure S1. Side- and top-views of the optimized structure of oxide (101) layers on (100) sublayer.
(a) PAO(101)/Pd/Pt(100), (b) PdO(101)/PdPt(100), (c) 2 layers PdO(101)/Pt(100), (d) Pdy75Pto.2s
on «O(101)/Pt(100), (€) Pdy 75Pto 25 on gO(101)/Pt(100). In the case of Pdy 75Pto 5 on O(101)/Pt(100),

one surface Pd atom cordinated to four O atoms (a site) is repalced by one Pt atom. For Pdg 75Ptg 25



102 4, gO(101)/Pt(100), one surface Pd atom cordinated to three O atoms (a site) is replaced by one Pt

103 atom.



