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Figure S1. Size histogram for the sample shown in Figure 1A.
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Figure S2. (A) TEM image, (B) XRD pattern, (C and D) STEM-EDX mapping and (E) histogram

for the as-synthesized PdsPb NPs without TOP and OA.
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Figure S3. (A) XRD patterns and (C-D) corresponding TEM images for different OA:TOP ratios
of 0.25:0.75, 0.5:0.5, and 0.75:0.25 for C-D, respectively. The black dashed lines indicate the

intermetallic PdsPb phase and the yellow dashed lines indicate the intermetallic PdsPb. phase.
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Figure S4. Plots of the relative molar ratios of (A) M:[TOP+OA], (B) M:OA, (C) M:TOP and (D)
corresponding experimental conditions where the number next to each point references the
experimental conditions listed in D. The percentage of PbsPb intermetallic phase present in the
XRD in Figure 1B where the other phase present is the PdsPb> crystal phase. The percentage of
either phase cannot be 100 as we are forcing the existence of both phases and the two different Pd-
Pb phases have peaks that overlap. Experiment 2 represents the optimized nanocubes synthetic

parameters.
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Figure S5. (A-E) Rietveld refinement to determine the percent of either the PdsPb or PdsPb, phase
in the samples corresponding to Experiments 1-5, respectively, in Figure S4D. The black lines
are the observed intensities, the blue lines are the calculated intensities, and the green lines are the
background. The difference between the observed and calculated intensities are plotted in red. The
ticks below the difference pattern correspond to the peaks of the two different phases, PdsPb (light
green) or PdsPb; (purple). Rietveld refinement was performed with GSAS-II using PdsPb (ICSD

01-089-2062) and PdsPb. (ICSD collection code 197132) as the reference phases.
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Figure S6. (A-B) TEM images of the products collected with a large size range and (C) XRD

pattern when no sonication was used.
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Figure S7. UV-visible spectra of the reaction solution before and after 30 minutes of sonication.
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Figure S8. Characterization of TOP and PdBr, mixed with TOP by (A) UV-visible spectroscopy

and (B) 3P NMR in [Ds]-toluene with inset showing the appearance of a peak with PdBr; is mixed

with TOP.



A

o

1.2 — TOP+Pb(acac), #'PNMR -[D8] toluene
= TOP Pb(acac)z
1.0- — OA+Pb(acac), c=0, +
- « OA acac Pb(acac), TOP
éo.s- g —
CO0OH
gos/ E TOP
w
S04 S OA
= .
0.2-
0.0 OA+Pb(acac),
200 400 500 600 1800 1600 1400 1200 g9 45 30 15 O -15 -

Wavelength (nm)

Wavenumber (cm’)

ppm

Figure S9. Characterization TOP, OA, TOP mixed with Pb(acac)., and OA mixed with Pb(acac):

by (A) UV-visible spectroscopy. (B) FTIR characterization of Pb(acac). mixed with OA where the

orange dashed line indicated C=0 stretch from acetylacetonate and the red shaded region C=0

from the carboxylic acid from OA. (C) P NMR of (green, top) Pb(acac), mixed with TOP and

(red, bottom) pure TOP in [Dg]-toluene.
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Figure S10. (A)TEM image of the Pd nanocubes used as a reference and corresponding (B) size

histogram and (C) XRD pattern where the Pd reference is ICSD collection code 52251.




Figure S11. TEM images of the as-prepared catalysts for (A) PdsPb NC/C, (B) PdsPb NP/C, (C)

commercial Pd/C, and (D) Pd NC/C.
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Figure S12. (A) Cyclic voltammograms collected in Ar-purged 0.1 M HCIO4 before and after

ADT testing for each catalyst and (B) calculated electrochemically active surface area (ESCA).
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Figure S13. (A) Tafel plots for each catalysts and (B) corresponding Tafel slopes at listed potential

ranges.



0.050 .

<

> 0.048 (¢) .
=)

=11)

|-

2 0.046} .
m .‘ l‘.- ' . - - -

=P}

(]

S

5 0.044} .
N

:(111) : (100)
0.042 L L | |

Different Surface Termination of Pd,Pb (100)

Figure S14. Different surface terminations were tested for PdsPb intermetallic (100). The grey
atoms represent Pb and the blue atoms represent Pd. The different surface coordination are
represented by the green triangle for (111) and the yellow square for (100). (a) Pd and Pb mixed
termination, (b) only Pd termination with (100) facet, (c) (100) and (111) mixed, and (d) (100) and

(111) mixed, but different ordering with (c).
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Figure S15. Surface Pourbaix diagrams for (A) Pd (100) and (B) PdsPb (100) surfaces. For both

systems a 0.25 monolayer (ML) coverage is favorable for the experimental conditions and are used

to determine the energy values in Figure 4.
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Figure S16. Gibbs free energy of the ORR reaction pathway for (A) Pd (100) and (B) PdsPb (100)

surface where UL (red) indicates the limiting potential and 5 indicates the overpotential (7 =1.23

— UL). Here, each surface is free of additional adsorbates.



C

0{——Pd,Pb NP/C_initial 0 ——Pd/C_initial 0{ ——Pd NC/C_initial
1] === Pd;Pb NP/C_post10K Al Pd/C_post10K 'Y ik Pd NC/C_post10K
‘*.-Eg.'z -2 frgg‘ 2
g3 =31 23
£ £
=4 4] =-4
-5 -5 5
P — —— 8 : : . 6 hammeacnzsnssns >
200 400 600 800 1000 200 400 600 800 1000 200 400 600 800 1000
mV vs RHE mV vs RHE mV vs RHE

Figure S17. (A-C) Polarization curves before and after ADT collected in O>-saturated 0.1 M KOH

at 1600 RPM for (A) PdsPb NP/C, (B) Pd/C, and (C) Pd NC/C
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Figure S18. Mass activities for all tested catalysts before and after 10K cycles.



Figure S19. TEM images of the catalysts after ADT for (A) PdsPb NP/C, (B) Pd NC/C, (C)

commercial Pd/C.
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Figure S20. (A) STEM-EDX elemental mapping. (B) Summary of atomic amounts determined by

EDX for the PdsPb NP before and after 10,000 durability cycles.
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Figure S21. (A) Tafel plots for the PdsPb NC/C initially, after 10,000 and 50,000 potential cycles
and (B) corresponding Tafel slopes at listed potential ranges. (C-D) Corresponding % HO3; and
electron transfer number (n) for initial, after 10,000 potential cycles, and after 50,000 potential

cycles.
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Figure S22. (A) Cyclic voltammograms collected in Ar-purges 0.1 M HCIO4 before and after 10K,

20K, 40K, and 50K cycles for PdsPb NC/C.



Table S1. Comparison of the ORR activity of PdsPb with other Pd-based electrocatalysts

previously reported.

. Size Ei2
Electrocatalysts Preparation (nm) Electrolyte (V vs. RHE) Ref
ordered PdsPb NC/C  loW-temperature g o 4\ ko 0.880 This work
colloidal method
PdsPb NP/C low-temperature ¢ o 4 \j KoH 0.865 This work
colloidal method
Pd NC/C Colloidal method 105 0.1 M KOH 0.860 This work
Pd/C bought from Fuel 0.1 M KOH 0.860 This work
Cell Store
ordered PdsPb gelation, freeze-dry,
NP/rGO-CNTSs annealing 7.2 01 MKOH 0.862 !
ordered PdsPb NP/C COTEdUCtion, 556 1 M KOH 0.920 2
annealing
ordered PdsPb Iow-t_emperature 200 0.1 M KOH 0.887 3
square nanoplates colloidal method
. 20 wt% Johnson-
Pt/C commercial . 0.1 M KOH 0.844 3
Matthey Corporation
ordered PdCu NP Co-reduction, 51 0.1 M NaOH 0.857 4
annealing
ordered PdCuCo NP CO-reduction, 544 9 M NaOH 0.872 4
annealing
ordered PdcuNi NP Co-reduction, 5 4 M NaOH 0.862 4
annealing
low-temperature sub-
Pd cube colloidal method 10 0.1 M HCIO4 0.860 5
low-temperature sub-
Pd octahedra colloidal method 10 0.1 M HCIO4 0.805 5
low-temperature
Pd cube colloidal method 26.9 0.05M H2S04 0.87 6
. low-temperature
Pd2NiAg colloidal method 15 0.1 M KOH 0.830* 7
FePds NP/rGO mixing, annealing  3.87 0.1 M KOH 0.750** 8
ordered PdsFe NP/C mixing, annealing 7.5 0.1 M HCIO4 0.767 9
Pt/C nanocubes Colloidal method 12 0.1 M NaOH 0.834 10

Note: * Evs RHE = Evs agiagel + 0.209 V + 0.059 x pH (Ag/AgCl in 3 M KCI)

** Evs RHE= Evs sce + 0.241 V + 0.059 x pH
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