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Fig. S1. Basic properties of CMC. (a) SEM image of CMC. (b) X-ray diffraction pattern (2 0) of
CMC.
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Fig. S2. (a, b) Atomically resolved ATEM images for the 2.1 nm Pt/KB (a) and the 2.1 nm Pt/CMC (b).
(c, d) Single particle based analysis of {002} interplarnar spacing analysis for the 2.1 nm Pt/KB (c) and

the 2.1 nm Pt/CMC (d). (e, f) Fast Fourier Transform electron diffraction patterns for the 2.1 nm Pt/KB
(e) and the 2.1 nm Pt/CMC (¥).
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Fig. S3. (a, b) Atomically resolved ATEM images for the CMC-particle-3; (c, d) Single-particle based
analysis of {111} interplanar spacing for supported (c) and unsupported regions (d). (e) Fast Fourier
Transform electron diffraction patterns. Insets in (a, b) illustrate the geometry feature for the CMC-
particle-3. Scale bars in (a, b) are 1 nm.
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Fig. S4. (a) Atomically resolved ATEM image of a pended Pt/C from the commercial catalyst
TEC10E50E-HT. (b) Single-particle based analysis of {111} interplanar spacing for the supported
(upper) and the unsupported (lower) domains. The interplanar spacings differ between the unsupported

and the supported region, accompanied by atomic dislocations. Scale bar in (a) is 2 nm.
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Fig. S5. Supplementary analysis of lattice strains for other Pt nanoparticles in 2.1 nm Pt/CMC catalyst.
Scale bars in (a-c) are 1 nm. Notably, only statistically-limited information obtained from the atomic-
scale structural analysis is an inherent characteristic of high-resolution TEM technique. Here, to make
individual nanoparticles more representative for overall NPs, the main efforts were made in terms of
controllable synthesis of shape- and size-uniform Pt nanoparticles. The in-situ XAFS and
electrochemical measurements at a statistical level show consistent results with and thus provide
supporting evidence for the observed compressive lattice strains in Pt nanoparticles for 2.1 nm Pt/CMC

catalyst.
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Fig. S6. In situ Pt-L3 XANES spectra of the 2.1 nm Pt/KB as a function of applied electrode potentials.
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Fig. S7. «*-weighted Pt-L; edge EXAFS oscillations and associated Fourier transforms for the 2.1 nm
Pt/KB at potentials of 0.4 — 0.8 — 1.0 Vgpe. Black: experiment curves; red: fitted curve. The curve

fittings of k>-weighted EXAFS in R-space were carried out with Artemis; A k: 3- 12 A, AR: 1.4-3.0 A.



0.4 Veue

20
—_— EXp.
— Fit

10+

k.(k)

-10-1

-20
12

8
k/ At

Exp.

— Fit

104

FTIk3y (k)] (A=)

. Kx(k)

. FTIk3y(k)] (&%)

0.8 Veue

=
o
!

(6]
L

o
.

'
a1
L

=
o
n

Exp.

— it

K3y (k)

FTIk3(k)] (A=)

1.0 Vepe

12

-20 .
8
k/ Al
104 —_— EXp.
— Fit
5<
OA
-5
-104
0 2 3 4
R/ A

Fig. S8. k*-weighted Pt-L; edge EXAFS oscillations and associated Fourier transforms for the 2.1 nm

Pt/CMC at potentials of 0.4 — 0.8 — 1.0 Vgpe. Black: experiment curves; red: fitted curve. The curve

fittings of k>-weighted EXAFS in R-space were carried out with Artemis; A k: 3- 12 A, AR: 1.4-3.0 A
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Fig. S9. (a) Cyclic voltammograms of a commercial Pt/C ( from Tanaka Kikinzoku Kogyo (TKK)
TEC10E20E), the 2.1 nm Pt/KB and the 2.1 nm Pt/CMC measured in N-saturated 0.1 M HCIO, at 50
mVs™ at R.T.. (b) The ORR performance of catalysts evaluated by the anodic polarization curves in O,-
saturated 0.1 M HCIO, solution at 1600 rpm with IR correction. (c) The durability of 2.1 nm Pt/KB after
30,000 potential cycles. (d) Comparison of mass activity and specific activity between a commercial

Pt/C (TEC10E20E) and the 2.1 nm Pt/CMC.
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Fig. S10. (a) Bright-field STEM image for 4.7 nm Pt/CMC. (b) Corresponding histograms of particle

size distribution.
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Fig. S11. (a) The ORR performance of a commercial Pt/C ( from Tanaka Kikinzoku Kogyo (TKK)
TEC10E50E-HT) and the 4.7 nm Pt/CMC evaluated by the anodic polarization curves tested in O,-
saturated 0.1 M HCIO, solution at 1600 rpm with IR correction. (b) Comparison of mass activity and

specific activity between a commercial Pt/C (TEC10E50E-HT) and the 4.7 nm Pt/CMC. The Pt loadings

on those two electrodes are 18 pgem™



CK+PtM OK+PtM CK+OK+PtM

Fig. S12. Bright-field STEM image for the 2.1 nm Pt/CMC and corresponding EDS mappings for C- K,
O-K, Pt-M, and associated element overlays. Platinum is highly overlapped with oxygen, suggesting the
oxygenated defects on carbon surfaces may promote the interfacial combination of platinum with

oxygen-functionalized carbon



Table S1. In situ EXAFS analysis results for 2.1 nm Pt/CMC and 2.1 nm Pt/KB-HT; Ak: 3- 12 A, AR:
14-30A

_ Pt-Pt scattering Pt-O scattering R-factor
Electrode-Potential AE,/ eV -
CN R/A 62/ 103A2 CN R/A 62/103A2 (0)
21nmPtYKB-0.4V 9.7+17 2.749+0.012 7.2+1.2 7.3+2.3 0.2
2.1nm PtYKB-0.8V 8.0+0.9 2.739+0.008 6.0+0.7 5.3+1.6 0.07
2.1 nmPt/KB-1.0V 7.4+29 2.741+0.030 6.8+25 0.8+1.6 2.02+0.09 6.4+1.9 6.216.2 0.3
2.1 nm Pt/CMC-0.4V 10.1+0.8 2.741+0.004 6.4+0.5 5.3+0.7 0.02
2.1 nm Pt/CMC-0.8V 9.2+2.6 2.746+0.018 5.7+1.7 4.8+3.6 0.4
2.1 nmPt/CMC-1.0V 7.8+4.1 2.733+0.048 3.8+4.7 0.8+1.0 2.04+0.15 2.0# 3.4+8.4 1.9

*S,2 for Pt is set as 0.913 obtained by fitting Pt foil
#o2 were fixed to obtain each reasonable fitting after the first fitting with free parameters
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