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Fig. S1 (a, b) SEM images of (a) CeO, cubes and (b) CeO, octahedra. (c) XRD patterns of
CeO; cubes and octahedra. (d, e) N, adsorption-desorption isotherms of (d) CeO, cubes and
(e) CeO, octahedra.
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Fig. S2 HAADF;STEM and TEM image, and Pt particle size distribution histograms (inset)
of Pt/CeQ, catalysts: (a) PCC-1, (b) PCC-2, (¢) PCC-3, (d) PCO-1, (e) PCO-2, and (f) PCO-3.

Table S1. Pt concentration, average particle size of Pt/CeO, catalysts, and CO chemisorption
results.

Pt (wt %)? Pt size by TEM (nm)® Chemisorbed CO (mmol)®
PCC-1 0.040 1.18 0.0003
PCC-2 0.164 2.11 0.0013
PCC-3 0.417 3.07 0.0027
PCO-1 0.042 1.13 0.0003
PCO-2 0.179 2.17 0.0014
PCO-3 0.395 3.11 0.0029

aThe amount of Pt determined by ICP-OES measurement.

bAn average Pt particle size measured by TEM images.

‘For estimation of the CO molecules used, 5% CO/He (30 sccm) was injected in a single pulse
for 10 s.
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Fig. S3 EDS mapping of Pt/CeQO, catalysts: (a) PCC-1, PCC-2, ( PCC-3, (d) PCO-1, (e)
PCO-2, and (f) PCO-3.
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Fig. S4 XPS results for the Ce 4d region: (a) Pt/CeO,-cube, and (b) Pt/CeO,-octa. The peak

position of the Ce 4d spectrum is consistent with the Ce*" component at ~ 122 eV.
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Fig. SS T, the temperature at which CO conversion of Pt/CeO, catalysts reached 50%.
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Fig. S6 Arrhenius plot with calculated activation energies. The activation energy was estimated
based on the turnover frequency (TOF) from the reaction rate per active site (determined by
CO chemisorption) per time. The activation energy gap between PCC and PCO gradually
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Fig. S7 (a) TOF of Pt/CeO, catalysts at 50 % of CO conversion for each catalyst. The site-
normalized TOF of surface Pt and interface Pt by the Pt particle size and the corresponding
slope in (b) PCC series and (c) PCO series. The proportion of Pt atoms located at the interface
was assumed to be 40% at 1 nm, 20% at 2 nm, and 10% at 3 nm.
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Fig. S8 TEM images of the spent catalysts after reaction: (a) PCC-1, (b) PCC-2, (c¢) PCC-3, (d)

PCO-1, (e) PCO-2, and (f) PCO-3. Scale bars are 20 nm for PCC, and 50 nm for PCO.
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Fig. S9 TEM images of 1% Pt (5 nm) on (a) CeO, cubes and (b) CeO, octahedra. (c) CO
oxidation rates of Pt/CeQ, catalysts with Pt size of 5 nm.
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Fig. S10 CO oxidation activity of PCC-2 (red) and PCO-2 (blue) under different ratios of CO
and O,. The CO to O, ratio was controlled with 2% CO and 10% O, (1:5, star), 2% CO and 2%
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O, (1:1, triangle), and 10% CO and 2% O, (5:1, circle). The reaction gas mixture was balanced
with Ar and the total flow was maintained at 50 mL-min!.
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Fig. S11 Raman spectra of Pt/CeO, catalysts: (a) PCC-1, (b) PCC-2, (¢) PCC-3, (d) PCO-1, (e)
PCO-2, and (f) PCO-3.
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Fig. S12 XPS spectra (O 1s) of Pt/CeO, catalysts: (a) PCC-1, (b) PCC-2, (c) PCC-3, (d) PCO-1,
(e) PCO-2, and (f) PCO-3. Peak deconvolution divided the O 1s spectra into the surface oxygen
(Ogurp, orange) and the lattice oxygen (Oy,, green).
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Fig. S13 DFT-calculated energies of sequential CO adsorption over (a) Pto-NP/CeO,(100) and
nco h
(b) Pto-NP/CeO,(111). The black square Epina denotes the binding energy of the n™ co

molecule. The red square represents the O, binding energy competing with the first binding
CO molecules.

S12



N )
B R & &
S
000';\\00 Y O&Q & é&‘o é"}\ _@c\
oV & @ & S & & &
(G SRS ) o) <
& ov o $ o G Y
(a) Qe O P® > o~ o s >
N o N v L)
4 I T I I I I T
=
© 2T
N
S E . =0eV
=0e i
=0 L o AE,=0.20 eV
5 AE, = 0. -0.99 eV .
o
Q-2 - AE,=-1.21¢eV
G
3 .
AE, =-1.20 eV
L 2 s
o4 r
=
=
K
&‘) 6 @ rt @ oi(ceorlattice) @ O (CeO,-Surface) Qo 8E,=-1.70eV
Cce @c Q© oo
_8 1 1 1 1 1 ] 1
S0 S1 S2 S3 S4 S5 S6
h."';\
A\ 0 & © o )
000’» Y & & §°° &° & & 4‘?’6 \\e}‘\
(‘5\' ‘((\ b@" 0\& (@ &0‘ becg oc},b 2,00 ch'o
& ¢é060 o & (\%‘009 o5 O & & 2 & %
(b) & «Fo ¢ o £ o & o 2 $
T T T T T T T T T T
4
szt
L
) 0 AE,=1.58 eV
@
[
(0]
c
o -2 +
©
@
e
o4 F
=
©
g5 L _ E,=-0.74 eV
° Pt ° 0O (CeO,-lattice) . O (CeO,-Surface)
8- Qe @c¢ Q© oo
1 1 | 1 1 1 1 1 1
SO TS1 S1 S2 TS2 S3 S4 S5 S6 S7

Fig. S14 DFT-estimated CO oxidation pathways for (a) Pto-NP/CeO,(100) and (b) Pty-NP
/CeOy(111). The Pty-NP/CeO,(100) interface, which spontaneously forms an O-C-O-type
intermediate in the sequential adsorption step of CO molecules, produces CO, without a high
activation energy barrier. On the other hand, the CO oxidation pathway catalyzed by the Pty-
NP/CeO,(111) not only has an activation energy barrier of 0.66 eV, TS1, for O-C-O-type
intermediate formation, but also requires a high energy of 1.58 ¢V, S4, for the 2" CO,
desorption.
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Fig. S15 Optimized morphologies and binding energies of Pty NP and Pts¢ rod supported on
CeO;: (a) Pty-NP/CeO,(100), (b) Pto-NP/CeO,(111), side and top views of (c) Ptss-
rod/Ce0,(100) and (d) Ptsg-rod/CeO,(111). Pto-NP/CeO,(100) and Pty-NP/CeO,(111) models
are constructed with a two-layered FCC-type Pty NP supported on CeO,(100) 3 * 3 * 2 slab
and CeO,(111) 5% 5 * 2 slab. In Ptss-rod/CeO, models, a Pt rod containing 56 Pt atoms is

supported on CeO»(100) 5* 6 * 2 slab and CeO,(111) 6 * 6 * 2 slab. Ey,q represents the
binding energy of Pty NP and Pts¢ rod on CeO,(100) and CeO,(111), respectively.
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