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Supplementary Table 1. ICP-OES analysis for Pt/Ceo-1, Pt/Ceo-2 and Pt/Ceo-4.

Sample Pt wt% Ratio of Pt : Ceo
Pt/Ceo-1 26.56 wt% 1.335
Pt/Ce0-2 21.54 wt% 1.013
Pt/Ceo-4 20.48 wt% 0.951
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Supplementary Fig. 1. XPS analysis showing the absence of dba ligand in Pt/Ceo-
2. High-resolution XPS C 1s spectra of Pt/Cso-2 and Pt(dba)s.
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Supplementary Fig. 2. Structure characterizations of Pt/Ce)-2. a-c TEM images of
Pt/Ces0-2 taken at different domains. d-f HAADF-STEM image and the corresponding
EDX mapping of Pt/Ceo-2, showing the presence of Pt and C elements.

Supplementary Fig. 3. a-d HAADF-STEM analysis of Pt/Ceo-2. Stepwise
observations of the HAADF-STEM images revealed isolated Pt single atoms.
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Supplementary Fig. 4. Characterizations of Pt single atoms and Pt clusters. a-c
HAADF-STEM images of Pt/Cso-2, showing the presence of Pt single atoms and Pt
clusters. d-f HAADF-STEM image and the corresponding EDX mapping of Pt/Ceo-2.

Supplementary Fig. 5. Characterization of atomically dispersed platinum in
Pt/Ce0-2. a-c HAADF-STEM images taken in different regions indicated mainly the
presence of atomically dispersed Pt.
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Supplementary Fig. 6. H adsorption-desorption behavior of Pt/Cg-2 and Pt/C.

The cyclic voltammetry of Pt/Cso-2 and Pt/C in Nz-saturated 0.1 M KOH electrolyte
at a scan rate of 10 mV s,
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Supplementary Fig. 7. Structure characterizations of the commercial 20 wt%
Pt/C. a TEM image, b PXRD, ¢ XPS, and d Raman spectra of the commercial 20
wt% Pt/C used in this study.
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Supplementary Table 2. EXAFS fitting parameters for the Pt Ls3-edges of the Pt/Cgo-
2 and Pt foil. Here, N represents the coordination number, R represents the bond
distance, o represents the Debye-Waller factor value.

Sample Path N R(A) c2(10° A?
Pt foil Pt-Pt 12 2.76 0.45
Pt-Pt 6 3.19 0.45
Pt/Ce0-2 (SA) Pt-C 2.52 2.09 0.68
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Supplementary Fig. 8. Summary of LSV tests. a HER polarization curves for
Pt/Ces0-2/KB, Ceso/Pt(dba)’KB, 20 wt% Pt/C and KB in 1 M KOH without iR
correction. b nio and jo for Pt/Cso-2/KB and 20 wt% Pt/C. ¢ Mass activity for Pt/Ceso-
2/KB and 20 wt% Pt/C in 1 M KOH. d Overpotentials for Pt/Ce-2/KB and 20 wt%
Pt/C under multiple loadings in 1 M KOH.
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Supplementary Table 3. Comparison of the catalytic performance of Pt/Cgo-2 with
other reported Pt-based catalysts in 1 M KOH.

Overpotential at

Tafel slope

Catalysts Pt Loading 10 r(nn?\/c)m_z (mV dec ) Ref.
Pt/Ce0-2 0.053 mg/cm? 25 55 This
Pt/C 0.050 mg/cm? 39 99 work
PtRh DNAs 0.126 mg/cm? 28 47 !
Pt/Ni ASs/C 0.002 mg/cm? 28 47 2
Pt-SAs/MoSe; 0.028 mg/cm? 29 41 3
Pt-PdO 0.024 mg/cm? 29 35.6 4
NF-Na-Fe-Pt / 31 35.98 5

2
i;@;l/oﬁjcz 0.348 mg/cm 37 35 6
Pt@DG (Pt-C3) 0.006 mg/cm? 37 53 7
Pt-WOs,@rGO  0.0032 mg/cm? 37 45 8
Pt Las@KB / 38 / o
P/PtTex 0.082 mg/cm? 44 23 10
I;iAiSFe LDH-Pt 0.0194 mg/cm? 45 543 1"
PtPd@NLS 0.0014 mg/em? 46 124 12
SAIn-PtNWs/C  0.127 mg/cm? 46 / 13
Pts/HMCS 0.0254 mg/em? 46.2 48.1 14
Pt-CoP 0.011 mg/cm? 48 33 15
d-PtSe» / 59 88 16
Pt-SAs/MoS» 0.07 mg/em? 59 31 17
PY/LiC0O> 0.0612 mg/cm? 61 39.5 18
Pt/MOE-O 0.0204 mg/cm? 66.1 101.6 19
Pt/Zn-P NSs / 74 55 20
2
i/}OSﬂMWCNTS Holomeiem 75 4 B
I}:Itl/lé e(—jLDH—Pt— 0.003 mg/cm? 101 127 »
Pt;-Mo,C-C 0.0014 mg/em? 155 64 23
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Supplementary Fig. 9. Ca measurements. CV curves at different scan rates for a

Pt/Cs0-2/KB, b Pt/C and ¢ Cso/Pt(dba)2/KB in 1 M KOH.

Supplementary Table 4. Comparison of the TOF values of Pt/Cg-2 with Pt/C and

other reported catalysts in 1.0 M KOH.

Electrocatalysts Ovel(‘;r);)\t;c)ntial TOF (Hzs!) Ref.
50 2.17
Pt/Ceo-2 100 5.55
150 11.2
This work
50 1.37
20 wt% Pt/C 100 2.95
150 5.04
Pt@DG 100 6.74 7
Pt-SAs/MoS» 50 1.02 24
Pt-SAs/WS» 150 6.41 24
Pt/LiCo0O: 200 2.25 18
Pt/PtTex 50 1.43 10
Pt-PdO 100 1.42 4
Ru SAs-Ni,P 190 3 2
E-Co SAs 100 0.48 26
a-Mo>C 250 2.5 2
Ru@C:N 50 1.66 28
PtiISAC-VNGNMAs 100 4.1 29
RhPd-H NPs 60 0.33 30
r@CON 50 0.66 31
RuCo 50 1.5 32
Runp@RuNx-OFC/NC 100 0.49 3
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Supplementary Fig. 10. Structure characterizations of Pt/Cgo-2 after stability test.
TEM images of Pt/Ceo-2 before a,c and after b,d 100 h long-term stability test. e
HAADF-STEM image of the catalyst after 100 h durability test. f XPS spectra of the
catalyst before and after the durability test.
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Supplementary Fig. 11. Non-iR corrected LSV curves a for Pt/Ceo-2/KB,
Ceso/Pt(dba)/KB, Pt/C and KB in 1 M KOH, b for Pt/Cs-2/KB and Pt/C under
multiple loadings in 1 M KOH, ¢ for Pt/Ce-2/KB and Pt/C before and after 3000
catalytic cycles in 5 M KOH at 60°C.
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Supplementary Fig. 13. Structure characterizations of Pt/Ces-1 and Pt/Ceo-4.

TEM images of a Pt/Cso-1 and b Pt/Ceo-4 over a wider area, showing more abundant

Pt clusters in Pt/Cgo-1.
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Supplementary Fig. 14. Structure Models for H,O and H adsorption. The top and
side views of a-b Ceo-Pt-Cso-1-H20, c-d Cgo-Pt-Ceo-1-H, e-f Cso-Pt13-Ce0-2-H20O, g-h
Ces0-Pt13-Cs0-2-H, i-j Ceo-Pt13-Ce0-3-H20, k-1 Ceo-Pt13-Ceo-3-H.
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Supplementary Fig. 15. Structure characterization of Pt(dba),. '"H NMR spectrum
of Pt(dba), recorded in CDCl; at 600 MHz.
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Supplementary Fig. 16. Structure characterizations of the ink sample. a PXRD, b
FT-IR, ¢ Raman, and d XPS spectra of the ink sample (Pt/Ceo-2/KB) and pristine
Pt/Ce0-2. e-f HAADF-STEM images of ink.
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Supplementary Fig. 17. Tolerance of Pt/Cgo-2 to 1 M KOH. FT-IR spectra of KOH-
treated Pt/Ceo-2 and Cso(OH)24.
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