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Cuupd@Pd/C and Pd-Cu/C Nanocatalysts for Electrochemical Ethanol Oxidation 
in Alkaline Solution 
 
Maja D. Obradović1, Jelena R. Rogan2, Uroš Č. Lačnjevac3, Aleksandra Gavrilović-Wohlmuther4, 
Vuk V. Radmilović2, Velimir R. Radmilović2,5, Snežana Lj. Gojković2  
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Easy storage and handling, high energy density, wide availability, and low toxicity are the features of 
ethanol that make direct ethanol fuel cells the most promising among all alternative power sources 
[1,2]. Unfortunately, the ethanol oxidation reaction (EOR), taking place at the anode, is slow and 
incomplete even on the best available catalysts known to date. Pure Pt and Pd are not capable of 
catalyzing the oxidation of ethanol through a total oxidation pathway [2]. However, Pt and Pd are 
necessary catalyst constituents in providing efficient adsorption of ethanol, which is the first reaction 
step in ethanol oxidation. The activity of Pd and Pt for alcohol oxidation can be enhanced by adding 
a co-catalytic element, mainly oxophilic metal (either d- or p-metals), or compounds such as oxides 
[3]. Therefore, the Pd nanoparticles supported on carbon black (Pd/C) and decorated by Cu sub-
monolayers by underpotential deposition (Cuupd@Pd/C), as well as alloyed Pd-Cu nanoparticles (Pd-
Cu/C) were investigated for the EOR in an alkaline solution. 
 
Nanocatalysts Pd/C and Pd-Cu/C were synthesized by a borohydride reduction method [4] and 
characterized by thermogravimetric analysis (TGA), X-ray diffraction (XRD) and transmission 
electron microscopy (TEM). Total metal loadings of the Pd/C and Pd-Cu/C catalysts, determined by 
TGA measurements, were 8.0 mass% and 15.0 mass%, respectively. The average atomic ratio 
between Pd and Cu in the Pd-Cu/C catalyst was calculated to be 0.83:0.17 by energy dispersive X-
ray spectroscopy (EDS). Taking into account the total metal loading, the Pd-Cu/C catalyst contained 
12.4 mass% of Pd. The XRD patterns of the Pd/C and Pd-Cu/C powders are displayed in Fig. 1a) and 
1b). The overall peak positions corresponding to Pd diffraction planes are shifted toward higher 
angles in the presence of Cu atoms, indicating alloyed structure of the Pd-Cu catalyst. The XRD 
analysis did not reveal the presence of pure copper metal or oxide phases in Pd-Cu/C. TEM 
characterization of the Pd/C and Pd-Cu/C powders indicated nanosized structure with mean 
diameters of 3.7 nm and 2.5 nm, respectively (Fig. 1c, d, e, f and g).  
 
In addition, the Pd/C catalyst was decorated by Cuupd in an acid solution with various surface 
coverages (up to 0.5). The catalysts were electrochemically characterized by cyclic voltammetry 
(CV) and COads stripping in acid and alkaline solutions. A decreased hydrogen adsorption/desorption 
charge in CVs and increased currents in the potential region of hydroxide adsorption/desorption (Fig. 
2a-d) indicate the presence of metallic Cu on the bimetallic catalyst surface. The electrochemically 
active surface area (ECSA) was estimated from the charge under the CO desorption peak in the 
alkaline solution and used for determining specific and mass activity for the EOR. As shown in Fig. 
2a-d, the onsets of CO desorption on the Cuupd decorated and alloyed surfaces are negatively shifted 
compared the pure Pd surface. This indicates that Cu atoms provide oxygen-containing species at 
adjacent Pd sites at a lower potential than that achieved on pure metals. 
 
The activity of the Pd/C, Cuupd@Pd/C and Pd-Cu/C nanocatalysts for EOR was investigated in 0.1 M 
NaOH under potentiodynamic (Fig. 2e) and potentiostatic conditions (Fig. 2f). The Pd/C with a Cuupd 
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coverage of 0.30 and Pd-Cu/C exhibited lower onset potentials and up to a 2.5-fold increase in EOR 
activity with respect to Pd/C (calculated per Pd ECSA). However, with a further increase in 
coverage, the positive effect of Cuupd disappeared, and the activity even decreased. Although the 
EOR currents are higher on Cuupd@Pd/C than Pd-Cu/C nanoparticles in potentiodynamic 
measurement (Fig. 2e), the potentiostatic curves show that the highest EOR currents are observed on 
the Pd-Cu alloy nanoparticles (Fig. 2e). This is indicative of their higher stability compared to the 
Cuupd-modified nanoparticles.  
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Figure 1. XRD patterns of a) Pd/C and b) Pd-Cu/C; TEM images and corresponding particle size 

distribution of Pd (c and e) and Pd-Cu nanoparticles (d and f); g) EDS elemental mapping 
showing Pd (red) and Cu (yellow) distribution in Pd-Cu/C sample.  

 
Figure 2. Stripping voltammograms of COads (dashed lines) and the first subsequent voltammograms 

(solid lines) of a) Pd/C; b) Cuupd@Pd/C, θ (Cu) = 0.30; c) Cuupd@Pd/C, θ (Cu)  = 0.42 and d) Pd-
Cu/C in 0.1 M NaOH at the scan rate of 20 mV s–1; e) Potentiodynamic polarization curves and 

f) chronoamperometric curves for the EOR in 0.1 M NaOH + 0.5 M ethanol solution. 


