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Figure S1 shows the catalysts' blank cyclic voltammograms (CV) in acid and alkaline mediums. As can be
observed, the format of the voltammograms is similar regardless of the presence of the auxiliary rare-earth metals. The
PtC signal is larger than the bimetallic materials due to the higher loading (given that the amount of deposited material
is the same for the four electrodes). Peaks attributed to the hydrogen adsorption/desorption regions appear in all the
materials for the acid and alkaline blanks, as well as the Pt oxide formation/reduction peaks at higher potentials. In this

way, the presence of the auxiliary rare-earth metals does not alter the typical peaks of polycrystalline platinum.
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Figure S1. Blank CV of the electrocatalysts in (a) 0.5 mol L' H2SO4 and (b) 1 mol L' KOH

Figure S2 displays the CO stripping profiles of the different catalysts. Table S1 collects the corresponding onset
potentials for the CO electrooxidation reaction and the electrochemically active surface area (EASA) values from this
measurement. Equation S1 allows estimating the EASA (m? g), where A (mA -V) is the area difference between the CO
stripping peaks (1t cycle) and the baseline (3 cycle), v is the scan rate (V s?), m is the mass of Pt (g) and 4200 mC m?2is
the surface charge associated with the oxidation of CO [1].

EASA=L (S1)
v-m-4200
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Figure S2. Blank CV of the electrocatalysts in (a) 0.5 mol L' H25O4 and (b) 1 mol L' KOH

Table S1. Onset potential and EASA extracted from the CO stripping experiments.

Catalyst Acid medium Alkaline medium
Onset potential (mV) EASA (m?g?Pt) Onset potential (mV) EASA (m?g?1Pt)
PtC 448 15.1 407 19.8
Pt3LaC 356 16.4 388 27.3
Pt3EuC 393 17.4 399 22.6
Pt3CeC 397 17.6 387 241

Adding the rare earth to the catalyst composition leads to a drop in the onset potential for CO oxidation. Their
presence impacts the electronic properties of Pt, in addition to oxygenated species coming from the surface of rare earth
oxides, resulting in a decreased onset potential. The values of the EASA are used to normalize the currents obtained in

the ethanol electrooxidation measurements.

Figure S3 displays the chronoamperometric curves recorded at 0.726 V vs. RHE (see Materials and Methods
section of the manuscript for more details). The results confirm the excellent predisposition of the bimetallic materials,
which outperform PtC. In particular, Pt3CeC emerges as the best material from its highest performance and less steep
decay rate than the other materials. This is due to the synergy between the electronic and bifunctional mechanisms,

which alleviates the deactivation of the catalyst surface by the ethanolic residues formed during the EEO reaction.

Figure 54 shows the power density curves of the different materials. Confirming the polarization curves, adding
rare earth metals to the catalyst formulation, especially in the case of Pt3CeC, is notoriously beneficial for increasing the
power density. If we compare these results with those obtained for the active Pd-based in alkaline medium, presented
in a recent review by Souza et al. [2] and Pinheiro et al. [3], our results present lower maximum power densities than
Pd/C and the bimetallic materials (with Ru, Sn, Ni, Nb, Ir and NaNbOs, in the range of 15 to 176 mW cm2). The same
conclusion can be drawn for the operation in acidic medium, when compared to the performance of PtRu/C and PtSn/C
(power densities above 50 mW cm=2[4]). Although our results are lower than others reported in the literature, we believe

there is still room for improvement based on the non-optimized electrode preparation method.
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Figure S3. Ethanol electrooxidation curves for the different electrocatalysts in 1 mol L-! ethanol and (a) 0.5 mol L-!
H2S04, and (b) 1 mol Lt KOH (curves are normalized to the mass of Pt and the Pt EASA)
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Figure S4. Power density curves of the DEFC with different anode fuels (a) 2 mol L ethanol, and (b) 2 mol L ethanol and 4 mol
L1 KOH.
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