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Figure S1. SEM images with different magnifications and the corresponding EDS of the various PdCe/C catalysts.
(a) Pd/C, (b) Pd;,Ce,s/C, (c) Pdg3Ces;/C, (d) PdasCess/C and (e) Ce/C.
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Figure S2. TEM images with different magnifications and the corresponding EDX of Pd/C catalyst. (a) TEM image
of Pd/C catalyst. (b) HAADF image and EDX elemental mapping of Pd/C catalyst. (c) TEM image of the carbon
supported Pd nanoparticles. (d) The high-resolution TEM image of the carbon supported Pd nanoparticles. The
interplanar spacing of the carbon supported Pd nanoparticles could be marked in the image.
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Figure S3. Electrochemical performance of Pd;,Ce,g/C catalysts for the methanol oxidation reaction. (a) CV curves
of Pds,Ce,s/C and the commercial Pd/C catalysts at the scan rate of 50 mV-s? in N,-saturated 1 M KOH with 1 M
CH3OH solution normalized by the mass of Pd. (b) CA curves at 0.45 V in Ny-saturated 1 M KOH with 1 M CH3;0OH

solution.
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Figure S4. Cycle stability of Pd;,Ce,s/C catalysts for the formate oxidation reaction. CV curves at different cycle
times of (a) Pd;,Ce,g/C catalyst and (b) the commercial Pd/C catalyst at the scan rate of 50 mV-s? in N,-saturated
1 M KOH with 1 M CH30OH solution normalized by the mass of Pd.
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Figure S5. (a) ECSA of Pd,,Ce,s/C catalyst compared to other PdCe/C catalysts and commercial Pd/C catalyst. (b)
ECSA of PdM/C (M = Co, Cu, Ni, Ag) catalysts and Pd;,Ce,g/C catalyst. All ECSAs are obtained by integrating the

reduction peak area of Pd in the CV curves.
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Figure S6. Electrochemical performance of Pd+Ce0O,/C mixture catalysts for the formate oxidation reaction. (a) CV
curves of Pd/C mix with various percentage CeO, catalysts at the scan rate of 50 mV-s in N,-saturated 1 M KOH
solution. (b) ECSA of Pd/C mixed with various percentages CeO, catalysts. (c) CV curves of Pd/C mixed with
various percentages CeO, catalysts at the scan rate of 50 mV-s? in N,-saturated 1 M KOH with 1 M HCOOK
solution normalized by the mass of Pd. (d) CA curves at 0.45 V in N,-saturated 1M KOH with 1 M HCOOK solution.
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Figure S7. Electrochemical performance of Pd;,Ce,s+Ce0,/C mixture catalysts for the formate oxidation reaction.
(a) CV curves of Pds,Ce,s/C mixed with various percentages CeO, catalysts at the scan rate of 50 mV-s? in N,-
saturated 1 M KOH solution. (b) ECSA of Pd;,Ce,s/C mixed with various percentages CeO, catalysts. (c) CV curves
of Pd;,Ce,s/C mix with various percentage CeO, catalysts at the scan rate of 50 mV-s? in N,-saturated 1 M KOH
with 1 M HCOOK solution normalized by the mass of Pd. (d) CA curves at 0.45 V in N,-saturated 1M KOH with 1 M
HCOOK solution.
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Figure S8. (a) CV curves of Ce0,/C catalyst at the scan rate of 50 mV-s~! in N,-saturated 1 M KOH solution and 1 M
KOH with 1 M HCOOK solution normalised by the geometric area. (b) CV curves of Pd;,Ce,s/C, CeO,/C and the
commercial Pd/C catalysts at the scan rate of 50 mV-s! in N,-saturated 1 M KOH with 1 M HCOOK solution
normalised by the geometric area. (c) Full-range XRD patterns for the as-prepared CeO,/C catalyst (black line), the
Ce0,/C catalysts after 20 CV cycles in 1 M KOH solution (red line) and the CeO,/C catalysts after 20 CV cycles 1 M
KOH with 1 M HCOOK solution (blue line). The standard XRD patterns for CeO, are also provided for reference. (d)
High-resolution XPS spectrum of the Ce 3d region for the as-prepared CeO,/C catalyst, the CeO,/C catalysts after
20 CV cycles in 1 M KOH solution and the CeO,/C catalysts after 20 CV cycles in 1 M KOH with 1 M HCOOK solution.



Table S1. Molar ratios of metal precursors during the synthetic process and the EDS composition for different

PdCe/C catalysts and the pure monometallic counterparts.

Catalyst Pd(NOs),:2H,0 Ce(NQ,)5:6H,0 EDS composition (wt. %) Atomic ratio (%)
name (mM) (mM) Pd Ce C Pd/Ce
Pd/C 13.3 0 25.0 0 75.0 100/0
Pd;,Ce,q/C 10.0 3.3 17.3 8.7 74.0 72/28
Pds3Ces;/C 6.6 6.6 12.6 9.7 77.7 63/37
PdasCess/C 3.3 10.0 6.9 10.7 82.4 46/54

Ce/C 0 13.3 0 11.8 88.2 0/100

Table S2. The XPS surface composition of element Pd in Pd;,Ce,s/C catalyst and the pure Pd/C counterpart.

Catalyst Pd PdZ
name 3dss 3ds); Total 3ds), 3ds); Total
BE (eV) 335.7 340.9 336.5 342.3
Pd/C
Content (at %) 46.1 32.8 78.9 13.0 8.1 21.1
BE (eV) 335.9 341.2 337.8 343.2
Pd72CEzg/C
Content (at %) 52.0 354 87.4 5.3 7.3 12.6

BE: XPS binding energy.



Table S3. A literature survey of the activity of Pd-based and Pt-based FOR catalysts in alkaline media.

Scan rate Specific activity Mass activity
Catalyst Electrolyte Reference
(mV-s?) (mA-cm™?) (A‘mgpg™)
10MKOH+1.0M .
Pd;,Ce,s/C 50 19.4 1.1 This work
HCOOK
1.0MKOH+0.1M
PdH/C 20 0.1 NA !
HCOOK
1.0MNaOH+0.1 M
Pd,Ag/C 50 NA 0.04 2
HCOONa
1.0OMKOH+1.0M
PdCu/C 30 3.5 NA 3
HCOOK
0.5MNaOH+0.1 M
PdAu/Ni foam 50 0.8 NA 4
HCOONa
0.5MKOH+0.5M
CuPdAu/C 50 NA 1.2 >
HCOOK
1.0OMKOH+1.0M
PdAgCu aergels 50 10.1 2.7 6
HCOOK
0.5 M KOH+0.5M
PdAgPt aerogels 50 3.5 2.9 7
HCOOK
1.0OMKOH+1.0M
Pd,sCo/C 50 NA 2.5 8
HCOOK
1.0MKOH+1.0M
PdNi/C 50 12.0 4.5 °
HCOOK
IMKOH+1.0M
PdRh/C 50 8.1 4.5 10
HCOOK
1 MKOH+1.0M
Pt-Ag 50 NA 0.8 1

HCOOK




Table S4. The alloy formation energy, d-band center and Mulliken charge distribution for all slab models, including
Pd (111), Pd;Ce; (111), Pd;Ce; (111), Pd;Ce5 (111), and Ce (111) surface.

< < Y
Alloys w
Pd Pd3C61 Pd1C61 Pd1CE3 Ce
Total Energy (eV) -71137.39018 -60682.20106 -50209.89984 -39744.31303 -29274.87698
Formation Energy (eV) -10.44 -3.77 -3.81
d-band center (eV) -2.02 -2.78 -2.59 -1.42 -0.75

Mulliken charge

analysis

Table S5. The binding energy for H, CO, and HCOO on PdsCe; (111) surface compare to Pd (111) surface.

Alloys H o, HCOO
Pd (111) -2.47 eV -0.57 eV 2.6eV
PdsCe; (111) -1.04 eV -0.22 eV -1.99 eV

Table S6. Hydrogen binding energy (HBE), potential limiting barrier and catalytic activity on the Pd3;Ce; (111) and
Pd (111) surfaces.

Surface HBE AG, Catalytic activity
Pd (111) -2.47 eV 0.74 eV 0.29 A‘mgpy?t
PdsCe; (111) -1.04 eV 0.23 eV 1.12 A-mgpqt

AGs denotes the change of free energy for the reaction step (3).
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