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Figure S1. (a) /R-corrected HOR/HER polarization curves collected at room temperature in an
H,-saturated 0.1 M KOH electrolyte on the Pt polycrystalline electrode with Fe**. Scan rate: 10
mV-s!. Rotation rate: 2,500 rpm. (b) The CV collected at room temperature in an Ar-saturated
0.1 M KOH electrolyte on the Pt polycrystalline electrode with varied concentrations of Fe3*.
Scan rate: 20 mV-s™.
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Figure S2. The CV collected at room temperature in an Ar-saturated 0.1 M KOH electrolyte on
the Pt polycrystalline electrode with varied concentrations of Co?" (a) and Cu?" (b). Scan rate: 20
mV-sl.
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Figure S3. The K-edge XANES spectra of the Ni@Pt as a function of applied potentials
collected in an H,-purged 0.1 M KOH electrolyte. Some of the data were obtained from our
previous work (Ref 15).
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Figure S4. The oxidation states of Ru/C derived from the £, of the XANES spectra (Figure 2e)

as a function of applied potentials.
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Figure S5. The in situ EXAFS spectra at the Co K-edge of Co@Pt and Co(OH), at both the k (a)
and R (b-d) spaces, together with the corresponding EXAFS fitting.
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Figure S6. The in situ FT-EXAFS spectra at the Cu K-edge of Cu@Pt at the k space.
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Figure S7. The in situ FT-EXAFS spectra at the Ru K-edge of Ru@Pt at the k space.
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Figure S8. The in situ FT-EXAFS spectra at the Ru K-edge of Ru@Pt within 0 — 0.5 V, together
with the corresponding EXAFS fittings.
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Figure S9. The in situ FT-EXAFS spectra at the Ru K-edge of the Pt;Ru,/C at both the k (a) and
R (b-¢) spaces, together with the corresponding EXAFS fitting.
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Figure S10. The in situ FT-EXAFS spectra at the Ru K-edge of Ru/C at both the k (a) and R (b-
¢) spaces, together with the corresponding EXAFS fitting (d-h).
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Figure S11. The ex situ FT-EXAFS spectra at the Ru K-edge of RuO, (a) and RuCl; (b) solution
(denoted as Ru-(H,0)y) at the R space, together with the corresponding EXAFS fitting.
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Figure S12. The iR-corrected HOR/HER polarization curves collected at room temperature in an
H,-saturated 0.1 M KOH electrolyte of Ru/C. Scan rate: 10 mV-s-!. Rotation rate: 2,500 rpm.
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Figure S13. The iR-corrected HOR/HER polarization curves collected at room temperature in an
H, -saturated 0.1 M KOH electrolyte on the Pt polycrystalline electrode with Mn2* (a), Fe3* (b),

Co 2" (¢), Ni** (d) and Cu?* (e). TM coverage is 30% ~ 40%. Scan rate: 10 mV-s -!. Rotation rate:
2,500 rpm.
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Figure S14. The CVs collected at room temperature in an Ar-saturated 0.1 M KOH electrolyte
on the Pt polycrystalline electrode with Mn?* (a), Fe3* (b), Co?" (¢), Ni** (d) and Cu?* (e). TM
coverage is 30% ~ 40%. Scan rate: 20 mV-s-!.



Table S1. Summary of the fitting results of the FT-EXAFS spectra collected at the Co K-edge of
the Co@Pt in a H,-saturated 0.1 M KOH electrolyte, together with that of the Co(OH), std.

Paths Co-O Co-Co
"o RA) N AT R
0.1V  2053) 3(1) 32)  3.19(1) 2(1)  33)  -I(1)
0.5V  207(2) 397  63) 3.181) 3(1)  43) 0309
Co(OH), 2.10(1) 62(4)  7(1) 3.18(1) 7(1)  72) 1.0(6)
*Fits were done at the Co K-edge in R-space, k’-23 weighting. 1.0 <R <3.16 A and Ak =2.63 —
12.86 A-! for Co(OH), and Ak =2.63 — 9.95 A-! for Co@Pt owing to the noisy spectra at the high

k region were used for fitting. Sy*> was fixed at 0.95 obtained by fitting the reference Co foil. The
number given in the parentheses represents the uncertainty of the last digit of the fitting result.

R (A) N

Table S2. Summary of the fitting results of the FT-EXAFS spectra collected at the K-edge of the
Ru@pPt in a H,-saturated 0.1 M KOH electrolyte*

Path Ru-Oq Ru-0O, Ru-Ru Ru-Pt
2 %1073 2 %107 2 %107 2 %1073
R(A N ° Ay R A N ° Ay R A N ° Ay R A N ° A

0V 1.793) 0.6(6) 3(3) 2.032) 1.909) 3(3) 2.651) 42(7) 5(1) 2.67(2) 27(7) 5(1)
0.1V 1.803) 0.6(3) 2(2) 2.02(1) 1.94) 22) 2.63(1) 42(6) 5(1) 2.672) 2.76) 5(1)
02V 1.814) 073) 1(3) 2.02(1) 2.1@8) 13) 2.64(1) 373) 5 267(1) 275) 5
03V 1.802) 09(3) 3(2) 2.02(1)28(7) 3(2) 2.64(1) 34(3) 5 266(1) 3.05) 5
04V 1.803) 09(2) 2(2) 2.02(1)27(5) 22) 2651) 333) 5 267(1) 2.94) 5
05V 1.802) 1.12) 2(1) 2.01(1) 293) 2(1) 265(1) 293) 5 267(1) 2.85) 5

*Fits were done at the Ru K-edge in R-space, k23 weighting. 1.0 <R <3.1 A and Ak =2.63 —
12.86 A-! were used for fitting. S, was fixed at 0.80 obtained by fitting the reference Ru foil.
The number given in the parentheses represents the uncertainty of the last digit of the fitting

result. The fitting results of the E, are: -3+1 eV (0 V), -4+1 eV (0.1 V), -4£1 eV (0.2 V), -4+1 eV
(0.3V)-4£1eV (0.3V),-4£1eV (0.4 V), -4£1 eV (0.5 V).




Table S3. Summary of the fitting results of the FT-EXAFS spectra collected at the K-edge of the
Ru in the Pt;Ru,/C in a H,-saturated 0.1 M KOH electrolyte.*

Path Ru-O, Ru-Oy Ru-Ru Ru-Pt
2 %103 2 103 2 103 2 %103
RA N T RGN LT RA) N THAT RGN O
0'\95 ; ; S 2002) 124) 3 2.66(1) 3.6(7) 4(1) 2.70(1) 3.909) 4(1)

03V 1.82(4) 0.7(4) 3 2013) 1.36) 3 2.66(1) 3.84) 4 2.70(1) 40(7) 4
*Fits were done at the Ru K-edge in R-space, k23 weighting. 1.0 <R <3.1 A and Ak =2.63 —
12.86 A-! were used for fitting. Sy? was fixed at 0.80 obtained by fitting the reference foil. The

number given in the parentheses represents the uncertainty of the last digit of the fitting result.
The fitting results of the Eg are: -3+1 eV (0 V), -5£1 eV (0.3 V).

Table S4. Summary of the fitting results of the FT-EXAFS spectra collected at the Ru K-edge of
the Ru/C in a Hj-saturated 0.1 M KOH electrolyte*

Path Ru-O, Ru-O, Ru-Ru’ Ru-Ru?*
2 %1073 2 %107 2 %107 2 %1073
RA N ° Ay R A N ° Ay R A N ° Ay R A N ° A2

0V 1.81(4) 0.7(7) 30 2.034) 098) 3 2651) 6(1) 4(1) 3.01(3) 1.46) 4(1)
03V 1.80(4) 0.8(6) 3 2.01(4) 1.2(7) 2.65(1)  6(1)  4(1) 3.02(2) 1.46) 4(1)
0.6V 181(4) 0.8(5 2.00(3) 1.3(7) 2.66(1)  6(1)  4(1) 3.022) 1.7(5) 4(1)
0.7V  1.80(3) 0.8(5) 2.00(2) 1.3(6) 2.66(1)  6(1)  4(1) 3.022) 1.8(5) 4(1)
08V 181(3) 1.0(6) 2.01(3) 1.7(7) 2.67(1)  6(1)  5(1) 3.033) 1.6(6) 5(1)
09V 181(3) 1.005 1.992) 1.7(5) 2.66(1)  5(1)  5(1) 3.032) 1.7(5) 5(1)
10V 1.812) 1.6(5 1.98(1) 3.05) 3 266(1) 3(1) 5 3.03Q2) 2.6(5) 5

*Fits were done at the Ru K-edge in R-space, k23 weighting. 1.0 <R <3.0 A and Ak=2.63 —

12.86 A-! were used for fitting. Sy2 was fixed at 0.84 obtained by fitting the reference foil. The

number given in the parentheses represents the uncertainty of the last digit of the fitting result.

The fitting results of the E are: -4+1 eV (0 V), -4£1 eV (0.3 V), -4£1 eV (0.6 V), -5£1 eV (0.7

V) -4+2 eV (0.8 V), -5+2 eV (0.9 V), -5+2 eV (1.0 V). Ru-Ru’ and Ru-Ru?** represents the Ru-
Ru bonds in the metallic Ru and Ru(OH); phases, respectively.

W lWwW |Ww]|lw | w

W | W | W | W | Ww

Table S5. Summary of the fitting results of the FT-EXAFS spectra collected at the K-edge of the
Ru in the RuO, standard and the RuCl; solution (0.1 M)*

Ru-O
RA N TR B
RuO, 1.97(1)  6(1) 2(1)  1(D)
RuCl
Soluti(jn 2.04(1)  5(1) 12) -1(1)

*Fits were done at the Ru K-edge in R-space, k’-23 weighting. 1.0 <R <2.0 A and Ak =2.63 —
12.86 A-! (RuO,) and Ak =2.63 — 11.75 A-! (RuCl; solution) were used for fitting. S;* was fixed
at 0.80 obtained by fitting the reference foil. The number given in the parentheses represents the
uncertainty of the last digit of the fitting result.
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Table S6. Summary of the three categories of Pt-based catalysts and the corresponding reaction
mechanisms.

Representative =~ M-O bond TMYM(OH), redox HOR HER

catalysts strength potential mechanism mechanism

Category 1 Cu@Pt Weak High (> 0.25 V) Eley-Rideal  Eley-Rideal
Category 2 Co@Pt Strong Low (<~0V) Eley-Rideal HSAB
Category 3 Ru@Pt Moderate Moderate (~0-0.25 V) L-H HSAB
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