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Table S1 Example of tunable strain induced by volume manipulation.

Catalyst Reference
Pt-Li battery 1
Pd-P@Pt 2
Pd-H@Pt 3
PtMnCo 4
PdN 5

Table S2 Electrocatalytic Performance Comparison for the Formate Oxidation Reaction (FOR) in

Alkaline Media.
Catalyst Electrolyte Mass activity Durability Reference
(A/mgPd) remain at 3600s
in CA

Ag,Se-Pd I MKOH+1M 3.59 46% This work
HCOOK

PdH 1 M KOH+0.5 0.85 20% 6
M HCOOK

PdCu/C I MKOH+1M 2.0 14% 7
HCOOK

PdP/WO3 1 M KOH+1 M 0.50 - 8
HCOOK

AgPdCu 1 M KOH+1 M 2.73 16% 9
HCOOK

PdRh/C 1 M KOH+1 M 4.50 17% 10
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HCOOK

PdCe/C 1 MKOH+ 1 M 1.10 10% 11
HCOOK
Pd@PdPt 1 MKOH + 0.5 1.25 20% 12
M HCOOK
AgPt 1 M KOH + 0.5 0.38 55% 13
M HCOOK
AuAgPd 1 M KOH+1 M 4.51 29% 14
HCOOK
AgPdRh 1 M KOH+1 M 1.85 10% 15
HCOOK
PdPt 1 M KOH+0.5 1.65 20% 16
M HCOOK
Pd/FeOx/C 1 M KOH+1 M 1.61 - 17
HCOOK
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Figure S1. X-ray diffraction (XRD) patterns of Ag.Se-Pd, PdSe, and conventional AgPd

nanoparticles.
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Figure S2. TEM characterization of the residual Ag.Se—Pd catalyst after the chronoamperometry
(CA) test. (a) HRTEM image. (b) FFT pattern of the white square region in (a). (¢c) EDS line scan
along the arrow shown in the HAADF image (d). (d) HAADF-STEM image. (e—g) EDS elemental

maps of the region shown in (d).
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Figure S3. Angle-resolved XPS spectra of the as-prepared Ag.Se—Pd: (a) Ag 3d, (b) Pd 3d, and (c)
Se 3d.
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Figure S4. In situ Raman spectroscopy of Ag.Se-Pd during electrochemical activation. The
measurements were performed in 1 M KOH + 1 M HCOOK electrolyte (pH = 14) with an upper
potential limit of 1.13 V vs. RHE.
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Figure S5. Galvanostatic voltage decay test of the DFFC. The fuel cell was operated with an
electrolyte flow of 0.5 mL min™' (1M HCOOK + 1M KOH) and an O: flow of 100 sccm, at a

constant current density of 100 mA cm™2.



Figure S6. Structural models of Ag.Se—Pd before and after geometric optimization. (a) Initial

configuration: a Pdis cluster placed on the Ag.Se(112) surface prior to relaxation. (b) Optimized

structure after full geometric relaxation, showing partial embedding of the Pd cluster into the Ag.Se

substrate and the resulting amorphous character, consistent with experimental observations.
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Figure S7. (a) Surface phase diagram and (b) Pourbaix diagram of Ag.Se—Pd.
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Figure S8. Bar chart with error bars showing the changes in the d-band center of Pd upon adsorption
of HCOO* and H*.
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Figure S9. Free energy diagram of the formate oxidation reaction (FOR) pathway.
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Figure S10. Volcano plot of FOR mass activity as a function of H* adsorption energy.

(b)

Figure S11. Side views of the Pd(111) slab models used for strain-dependent DFT calculations. (a)
Unstrained Pd(111) surface with the equilibrium lattice constant. (b) Pd(111) surface under -5%

biaxial compressive strain applied in the lateral directions.
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Figure S12. Density of states (DOS) plots of the (a—c) dz? and (d—f) dx?-y? orbitals of Pd on the
Ag>Se—Pd, PdSe, and Pd(111) surfaces during the FOR steps.
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