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Preparation of Pd nanoparticleswith rich defectsand its
electrocatalytic oxidation of methanol
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Abstract: Sodium dodecyl sulfate (SDS) micellar templates were constructed in a solvent mixture of
V(anhydrous ethanol) : V(water)=1 : 4. Defect rich Pd nanoparticles (Pd-NPs) were then prepared by
ultrasonic irradiation technology using Pd(NOs),°2H,0 as raw material, characterized by TEM, HRTEM,
XRD, XPS, and UV-Vis adsorption spectrum, and utilized as electrocatalysts for methanol oxidation
reaction (MOR) in alkaline media (KOH) to evaluate their electrochemical behavior. The results indicated
that the Pd-NPs, with a particle size of (21.743.6) nm, exhibited lattice defects such as grain boundary,
lattice dislocation, lattice expansion, and lattice distortion, which could provide abundant active sites for
MOR. The electrochemical active surface area of the Pd-NPs was 62.42 m?/g, and their mass activity
reached 2474 A/g in a mixed solution of 1.0 mol/L KOH and 1.0 mol/L CH;0H, 16 times higher than that
of commercial Pd/C (153 A/g). After 500 cycles of cyclic voltammetry, the mass activity retention rate of
the Pd-NPs was 82%. During the chronoamperometry test for MOR over 3600 s, the specific activity of the
Pd-NPs was 0.11 mA/cm®. The upward shift of the d band center of Pd enhanced the adsorption capacity of
adsorbates towards Pd, activating the surface of the Pd-NPs and augmenting their catalytic ability.
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Fig. 6 Schematic diagram of formation mechanism of Pd-NPs in water/ethanol/SDS system
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Table I Comparison between Pd-NPs and Pd-based catalysts reported in recent years for methanol electrooxidation
AL AL A ECSA/(m’/g) [LilJE/(mA/em®) BRI E/(Alg) B EBRR/%  S% 30k
PdsMo/rGO NaOH( 0.5 )+CH;0H( 1.0) 43.06 3.42 1473 57.80 [36]
GO/PtPd NFs KOH( 1.0 )+CH;O0H( 0.5) 38.02 2.59 — — [37]
PdFe NCs KOH( 1.0 )+CH;OH( 1.0) 31.90 3.40 1075.50 43.70 [38]
PdTe, nanosheets KOH( 1.0 )+CH;0H( 1.0) 44.40 3.46 1566.40 — [39]
Pd-MoSe,-rGO NaOH( 0.5 )+CH;OH( 1.0) 51.81 — 1935 — [40]
Pd KOH( 1.0 )+CH;OH( 1.0) 39.80 — 720.20 — [41]
Pd-NPs KOH( 1.0 )+CH;0H( 1.0) 62.42 3.96 2474 18 A3
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