Supporting Information

Microkinetic model for CO oxidation by a CMM

Based on a CMM for CO oxidation, the microkinetic model for small nanoparticles is

simply as follows:

0, (g) +* 1 O* (R])
CO (g) + Oy* L1 CO3*(R2)
COs* L1 CO, (g) + O* (R3)

O*+CO (g) L COz (g) + * (R4)

Here, the rate of CO, formation is equal to the maximum of the rate of the reaction R3.
Effect of the reaction R4 is negligible because it is fast and barrierless. Assuming that the

first two reactions are in equilibrium, therefore the rate of R1 and R2 is as following:

rate(R1) = k;p(0,)0. -k, 0, — 0, =K,p(O,)0.
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rate(R2) = k;p(CO)0, —k30c0. — 0o, = K,p(CO)K,p(O,)0.

max

Finally, the rate of CO, formation, rate(R3)™", is as follows:

rate(R3)™ =k}, =k;K,K,p(CO)p(O,)0.

where K; and K, are the equilibrium constants for R1 and R2, p(CO) and p(O,) are the
partial pressures of CO and O,. k. and k; represents the forward and the backward reaction

constant for Ri, respectively.

Because the sum of the coverage of adsorbed O,, CO;3 and free adsorption sites should be

equal to 1, we can numerically derive 0. from 6, and6, :

1
(K,p(0,) +K,p(0,)K,p(CO) +1)

0o, +0co, +0. =1 > 0. =

where 6,0, ,and6.are the coverage of adsorbed O,, COs on nanoparticles, and free

sites of the surface.
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Note that the reaction R1 and R2 concerns the adsorption of O, and CO, respectively.

Therefore, the rate constants K; and K, are,

~AGI —(AE1-TASI)
K, =exp T =exp

kT
AE1 = Energy of O, adsorption
AS1 = Entropy change involvedin O, adsorption

and

~AG2 —(AE2 - TAS2)
K, =exp T =exp

kT
AE2 = Energy of CO adsorption (CLI formation)
AS2 = Entropy change involvedin O, adsorption

For R3, the maximum rate can be obtained as follows:
rate(R3)™ =k;0.,, =k;K,K,p(CO)p(O,)0.

where,
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k; =—ex
T Uk )T h KT
E,. = Energy of desorption of CO, molecule

AS3" =0

KT (— AG3* J kT exp( — (B, —TAS3* )]

Sabatier activity (SA) of nanoparticles mentioned in this study was calculated with the

rate(R3)™ as follows:

SA = len[ralte(RS) }

Yer

at T=273 K, p(C0O)=0.01 bar, and p(0,)=0.21 bar.
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