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Fig. S1. XRD pattern of (A) SnFeP and SnFe. (B) Peak fitting of SnFe.

Table ST1. Particle sizes and crystallographic data of the as-prepared catalysts.

Catalysts 20 20 €(nm) DI (nm) nldl nl! (%)
(220) (111)
peak peak
SnFe 34.04 - 0.5714 4.62 -0.0225 -2.25
SnFeP 33.14 - 0.5399 7.23 -0.0764 -7.64
SnFeP@rGO 33.11 - 0.5260 6.89 -0.1002 -10.02
PdFe/rGO - 40.13 0.3703 3.21 -0.0483 -4.83
PdFe/SnFeP@rG - 40.05 0.3435 2.26 -0.1171 -11.71
(0)
Pd/SnFeP@rGO - 40.10 0.3785 2.84 -0.0272 -2.72
Pd/rGO - 39.11 0.3983 3.67 +0.0236 +2.36

€ is the lattice constant value of face-centered cubic (fcc) structure of the crystals, DIl is the average crystallite
size obtained from XRD pattern using Scherrer equation (D = 0.9\/ B Cos 0), and nl! is the lattice strain as



calculated from Equation: N = (€ — &)/ €,. Where € is the lattice constant of Pd alloys in the catalysts, and &, is
the lattice constant of bulk Pd (0.3891 nm). On the other hand, the €, for Sn is 0.5846 nm.
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Fig. S2. N, adsoption/desorption isotherms of SnFe, SnFeP, and SnFeP@rGO catalysts.
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Fig. S3. (A) Elemental mapping, and (B) EDS spectra and composition of SnFeP@rGO.



Fig. S4. TEM images of (A) Pd/SnFeP@rGO and (B) Pd/rGO. HR-TEM image of (C)

Pd/SnFeP@rGO and (D) Pd/rGO. The scale bar in (B) is 50 nm.
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Fig. S5. (A) EDS data of PdFe/SnFeP@rGO anode catalysts.
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Fig. S6. (A) SEM, (B) TEM image, and (C,D) HAADF-STEM elemental mapping of
PdFe/SnFeP@rGO catalyst (repetition of catalyst preparation). (Using SEM, Hitachi S-4200,

Japan).



Fig. S7. TEM images of (A,C) PdFe/SnFe@rGO, and (B, D) PdFe/rGO anode catalysts.

Table ST2. Binding energies of Pd based catalysts under XPS investigation.

Catalyst Binding Energy (eV)
Pd3ds,, Pd3d;/,
Pd° Pd2* Pd° Pd2*
PdFe/SnFeP@rG 334.90 336.50 340.19 341.71
o
PdFe/rGO 334.52 336.12 339.81 341.33
Pd/C 334.35 335.95 339.64 341.16
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Fig. S8. (A) Mass activity of PdFe/SnFe@rGO catalyst in 0.5 M KOH and 0.3 M ethanol

aqueous solution. Scan rate of 10 mVs™. (B) Chronoamperometric data recorded at 0.1 V vs.

Ag/AgClin 0.5 M KOH solution for 12 h.

Table ST3. Summary of catalytic activity with different as-synthesized anode catalysts.

Catalysts Eonset (V vs. ECSA (m? Mass activity Specific activity
Ag/AgCl) gl) (mA mgp) (mA cm?)
PdFe/SnFe@rGO -0.51 60.05 3431.08 5.71
PdFe/SnFeP@rGO -0.57 88.65 7135.79 8.04
Pd/SnFeP@rGO -0.52 68.32 4228.40 6.18
PdFe/rGO -0.51 59.74 2746.56 4.59
Pd/rGO -0.48 42.89 945.21 2.20
Pd/C -0.42 31.47 413.16 1.31
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Fig. S9. (A) LSV and, (B) Tafel plot of PdFe/SnFeP@rGO, PdFe/rGO, Pd/rGO, and Pd/C catalyst
in 0.5 M KOH. The LSV data were measured at rotating rate 1600 rpm at 2 mV s for the
electrode at 25 °C. The electrochemical test was performed by continuous passing of N, in

the alkaline media.
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Fig. $10. EOR long-term cycling tests: CV peaks for (A) PdFe/SnFeP@rGO, (B) PdFe/rGO, (C)
Pd/C, (D) Percentage of the oxidation peaks current of the 1000 cycles compared to initial

cycles using a scan rate of 10 mVstin 0.5 M KOH and 0.3 M ethanol aqueous solution.
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Fig. S11. CV peaks of (A) PdFe/SnFeP@rGO, (C) PdFe/rGO, and (E) Pd/C anode catalysts in 0.5
M KOH and 0.3 M ethanol with different scan rates. (B, D and F) curves of the mass activity

vs. square roots of the various scan rate, respectively.



Table ST4. Comparison of electrochemical performance of Pd-based anode catalysts in

alkaline medium.

Catalysts Electrolyte Mass activity Ref.

Ultrathin Pd,Ag; NWs 1.0 M KOH + 2.84 A mgpg?t [1]
1.0 M Ethanol

Pd-Ni-P 1.0 M NaOH + 4.95 A mgpqt [2]
1.0 M Ethanol

PdP,/rGO 0.5 M KOH + 1.60 A mgpyt [3]
0.5 M Ethanol

CoP/RGO-Pd10 1.0 M KOH + 4.597A mgpyt (4]
1.0 M Ethanol

Pd,Sn:P/C 0.5 M KOH + 5.02 A mgpg?t [5]
0.5 M Ethanol

Pd/AG-BP 1.0 M NaOH + 6.000 A mgpyt [6]
1.0 M Ethanol

Pd;NiP/N-rGO 1.0 M KOH + 2.223 Amgpyt [7]
1.0 M Ethanol

c-Pd-Ni-P@a-Pd-Ni-P 1.0 M KOH + 3.05 A mgpqy? [8]
1.0 M Ethanol

Pd-P/3DNGS 1.0 M KOH + 1.8 Amgpq?t [9]
1.0 M Ethanol

Pd@5%NP/VC 0.5 M KOH + 0.777 A mgpyt [10]
0.5 M Ethanol

PdFe/SnFeP@rGO 0.5 M KOH + 7.135 A mgpqt This
0.3 M Ethanol study
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Fig. S12. CO stripping of (A) PdFe/SnFeP@rGO and (B) Pd/C in 0.1 M KOH. Potential scan rate

of 10 mV S at 25 °C.
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Fig. S13. TEM and HR-TEM of PdFe/SnFe@rGO catalyst after CO stripping test.
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Fig. S14. Polarization curve of PdFe/SnFeP@rGO with and without 0.5 M KOH and 1.0 M

ethanol at 60 °C.
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Fig. S15. Stability test of a PdFe/SnFeP@rGO cell at a constant load current density of 100 mA
cm2 at 60 °C and Pd/C cell at a constant load current density of 40 mA cm at 60 °C with 0.5

M KOH and 1.0 M ethanol solution as fuel.

12



Table ST5. DEFCs performance with Pd based catalysts.

Anode catalysts Cathode Membrane T°C Fuel MPD Ref.
catalysts (mw
cm??)
In;Pd, Pt/C Nafion 115 70 1 M ethanol 6.7 [11]
+1MKOH
Pdgo sAU10 7 Pt/C AEM (A201) 40 1 M ethanol  31.5 [12]
+1 M KOH
Pd;Sn;/Vulcan Pt/C Nafion 117 80 2 M ethanol 42 [13]
Xc-72 +1 M KOH
Pd,Ru/C MnO, Tokuyama 60 2 M ethanol 38.9 [14]
nano-rod  A201 +1 M KOH
Pd;Nb,/C Pt/C Nafion 117 70 2 M ethanol 27 [15]
+1M KOH
Pt35Pd;;Cuys Pt/C Nafion 115 80 2 M ethanol 21.7 [16]
NWs
PdSn(50:50)/C Pt/C Nafion 117 60 1 M ethanol 20 [17]
+1MKOH
Pd,IrNi;,/C Fe-Co Tokuyama 60 1 M ethanol 49 [18]
HTM K14 A201 +1 M KOH
PdFe/SnFeP@r Pt/C Nafion 117 60 1 M ethanol 60.24 This
Go +0.5 M KOH study

*MPD = Maximum power density, T = Temperature, Ref = Reference,

DEFCs = Direct ethanol fuel cells.
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Fig. S16. Polarization curves of PdFe/rGO (30% Pd) and commercial Pd/C (40% Pd) in hydrogen

gas at 60 °C.

Table ST6. Single cell performance of Pd based catalysts in hydrogen fuel.

Anode catalysts Cathode Membrane T°C Fuel/ MPD Ref
(mwW
catalysts Oxidant
cm?)
Pd3;Co/PCNT Pt/C Nafion 212 60 H,/0; 327 [19]
Pdos3lroe7/N-C  Pt/C QASEBS 79 H,/0; 514 [20]
Pd/C-CeO, Pt/C AEM 73 H,/air 460 [21]
(20 wt% Pd)
Pd-Co/gCN Pt/C Nafion 212 60 H,/0; 290 [22]
Pd/C-CeO, Pt/C AEM 73 H,/air 500 [23]
Pd/Ni Ag alloy AEM 73 H,/air 400 [24]
PdFe/SnFeP Pt/C Nafion 117 60 H,/0; 857.54  This
@rGO study

*MPD = Maximum power density, T = Temperature, Ref = Reference
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