SUPPLEMENTARY MATERIAL

Calculation of the layer thickness on the GC-RDE [34]

For the calculation of the approximate layer thickness on the GC-RDE the quantity (m), the density (p)
and the volume (V) of metal, Vulcan XC72R and Nafion Ionomer solution, as well as the area of the

GC-RDE (Acc) were used. For the different catalysts, the loading (w) of metal and Vulcan XC72R was
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Veatalyst ink
Meatatyst = 8.1 mg for all PANiBi/ C catalysts
Vnafionswew = 13 UL Nafion ionomer solution
Vmixture = 1.75 mL 2 — propanol + 0.737 pL ultrapure water + Vyafionswey = 2.5 mL
Veatatyst ink = 10 uL (2 times 5 uL) were applied on GC — RDE
Agc—rpp = Area of the GC — RDE = 0.196 cm?
P metar = Density of Pd (12.02 g cm™3) and Ni (8.91 g cm™3) and Bi (9.78 g cm™3)
Pafion = 1.98 g cm™3

PNafion swt.% — 094 g cm™3

Pvutcan xc72r = 0.096 g cm™3

Table S1: Results of the layer-thickness calculation on the GC-RDE.

Catalysts Layer thickness / um
PdNiBi/C (40/60) 10.5
PdNiBi/C (30/70) 12.2
PdNiBi/C (20/80) 13.9
PdNiBi/C (10/90) 15.6
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Table S2. Chemical composition of the PANiBi/C active-catalyst material determined by ICP-MS (Bi) and AAS

(Pd, Ni) in at.%.
measured calculated
Catalysts
Pd Ni Bi Pd Ni Bi
PdNiBi/C (40/60) 84.0 10.0 6.0 85 10 5
PdANiBi/C (30/70) 84.4 10.2 5.4 85 10 5
PdNIiBi/C (20/80) 83.3 10.4 6.3 85 10 5
PdANiBi/C (10/90) 84.6 8.9 6.5 85 10 5
Table S3. XRD data of the PdssNiioBis/C catalysts.
Peak Pos. (° 20)
Peak Crvstal struct Miller
No. rystal structure indices
PdNIiBi/C PdNiBi/C PdNIiBi/C PdNIiBi/C
(40/60) (30/70) (20/80) (10/90)
1 Graphite(2H)_187640- (002) 25.414 25.447 25513 25.480
ICSD
2 Pd_64922-1CSD (111) 39.505 39.703 39.604 39.736
3 Pd_64922-1CSD (200) 45.841 46.006 45.940 46.237
4 Pd_64922-1CSD (220) 67.027 66.796 66.664 66.664
FWHM. (° 20) Crystallite size (nm)
Peak
No. PdNiBi/C PdNiBi/C PdNiBi/C PdNiBi/C PdNiBi/C PdNiBi/C PdNiBi/C PdNiBi/C
(40/60) (30/70) (20/80) (10/90) (40/60) (30/70) (20/80) (10/90)
2 1914 3.300 3.102 3.102 4.6 2.7 2.8 2.8




Figure S1. SEM images with the dimensioning of the cross section of the different PANiBi/C electrodes (catalyst on carbon cloth)
(a) without catalyst; (b) with PdNiBi/C (40/60); (c) PdNiBi/C (30/70); and (d) PANiBi/C (20/80).

Figure S2. SEM images of the PtRu/C cathode electrodes (a) blank carbon paper; (b) carbon paper with catalyst; (c) cross section
of the blank carbon paper; (d) cross section of the carbon paper with catalyst.
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Figure S3. Electrochemical characterization of the PANiBi/C catalysts with a scan rate of 10 mV s at 30 °C in a potential range
from 0.05 V -1.5V vs. RHE in N2-purged 1 M KOH.
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Figure S4. Power density (filled symbols) and polarization curves (unfilled symbols) for the single-cell measurements of the
different PANiBi/C electrodes at different temperatures (RT, 36 °C, 43 °C, 50 °C) and different fuel concentrations (a) PdNiBi/C
(20/80), 1 M KOH + 1 M EtOH; (b) PdNiBi/C (20/80), 5 M KOH + 3 M EtOH; (c) PdNiBi/C (30/70), 1 M KOH + 1 M EtOH,
(d) PdNiBi/C (30/70), 5 M KOH + 3 M EtOH; (e) PdNiBi/C (40/60), 1 M KOH + 1 M EtOH; and (f) PdNiBi/C (40/60), 5 M KOH + 3
M EtOH.





