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Supplementary Fig. 1 Photograph of a colloidal suspension of the PtOx nanosheets

(NSs) exfoliated from H,PtOs.
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Supplementary Fig. 2 X-ray diffraction (XRD) patterns of K,PtO. and H,PtOx.



Supplementary Fig. 3 Typical scanning electron microscopy images of a K,PtOx and b

H,PtO..
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Supplementary Fig. 4 Thickness histograms of the a PtOx (a total of 100 NSs) and b Pt

NSs (total of 50 NSs).
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Supplementary Fig. 5 In-plane XRD patterns of PtOx NS monolayer films heat-treated

at 100, 200, 300, and 400 °C in Ho.
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Supplementary Fig. 6 Typical X-ray photoelectron of PtO2, Pt black, Pt nanoparticle

(NP), and Pt NS.
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Supplementary Fig. 7 X-ray absorption near-edge structure spectra of the Pt foil, 3 nm-

sized Pt NPs, and Pt NSs at 0.4 V vs. reversible hydrogen electrode (RHE).
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Supplementary Fig. 8 Spectra of Pt NSs with an oscillation period similar to that of Pt

foil and 3 nm-sized Pt NPs.
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Supplementary Fig. 9 Fourier transform of the k*-weighted extended X-ray absorption

fine structure data of the Pt foil, 3 nm-sized Pt NPs, and Pt NSs at 0.4 V vs. RHE.
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Supplementary Fig. 10 Typical transmission electron microscopy (TEM) images and

corresponding particle size histograms of 3 nm-sized Pt NPs (TEC10ES0E).
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Supplementary Fig. 11 CO stripping voltammograms of a Pt NPs and b Pt NSs in
0.1 M HCIO4 (25 °C) at a scan rate of 10 mV s!. Broken line: the 1st cycle after CO
adsorption; solid line: the 2nd cycle. The electrochemically active surface area (ECSA)

values of Pt NSs and NPs are 160 and 100 m?/g, respectively.
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Supplementary Fig. 12 Linear sweep voltammograms a before and b after the
durability test (0.6 (3 s)—1.0 (3 s) V vs. RHE at 60 °C; 5000 cycles) of Pt NPs (black)

and Pt NSs (blue) in 0.1 M HC1O4 (25 °C) at v=10 mV s™! and a rotation rate of

1600 rpm.
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Supplementary Fig. 13 a Cyclic voltammograms of 3 nm-sized Pt NPs before and after

5000 cycles in 0.1 M HCIO4 (25 °C) at v =50 mV s~ !. b Pt-NP-size histograms of the

3 nm-sized Pt NPs after a durability test.
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Supplementary Fig. 14 Cyclic voltammograms of Pt NSs before and after 5000 cycles

in 0.1 M HCIO4 (25 °C) at v =50 mV s,
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Supplementary Fig. 15 Typical TEM images after the durability test of a Pt NPs and b

Pt NSs.
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Supplementary Table 1 ECSA and oxygen reduction reaction (ORR) activity from
Koutecky—Levich plots at 0.9 V vs. RHE of fresh samples.

ECSA/m? g ! Specific activity / pAcm™?  Mass activity /A g !
Pt NSs 124 330 415
Pt NPs 79 303 239

*Retention rates of the catalysts with respect to the initial mass activity are shown in

parentheses.

Supplementary Table 2 ECSA and ORR activity from the mass-transport-included
kinetic current at 0.9 V vs. RHE before and after the load-cycle accelerated durability test
(ADT) test (0.6 (3 s)—1.0 (3 s) V vs. RHE at 60 °C; 5000 cycles)

Initial After ADT
ECSA Specific Mass ECSA* Specific Mass
/m?>g! activity activity /m? g! activity* activity*
/uAcm™  /Ag! / nA cm™ /A g
Pt NSs 124 333 413 93 (75%) 241 (72%) 224 (54%)
Pt NPs 79 295 233 45 (57%) 196 (66%) 74 (32%)

*Retention rates of the catalysts with respect to the initial values are shown in

parentheses.
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