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Fig. S1 XRD pattern of the PdCuIr-LS.

Fig. S2 SEM images of the samples prepared with different precursors under the identical 

conditions: (a) PdCu, (b) PdIr and (c) Pd nanoparticles.

Fig. S3 SEM images of the samples prepared without (a) F127, (b) KBr and (c) HCl under the 

identical conditions.
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Fig. S4 SEM images of the PdCuIr samples prepared with different amounts of metallic precursors 

under the identical conditions: (a) Na2PdCl4 (2.5 mL, 20 mM), CuCl2 (1.0 mL, 20 mM), IrCl3 (1.0 

mL, 20 mM); (b) Na2PdCl4 (1.5 mL, 20 mM), CuCl2 (1.5 mL, 20 mM), IrCl3 (1.5 mL, 20 mM); (c) 

Na2PdCl4 (3.0 mL, 20 mM), CuCl2 (0.75 mL, 20 mM), IrCl3 (0.75 mL, 20 mM).

Fig. S5 SEM images of the PdCuIr alloys prepared at different reaction times: (a) 15 min, (b) 60 

min and (c) 90 min.

Fig. S6 (a) UV-vis absorption spectra of standard NH4Cl solution colored with indophenol assays 

for 2 h at room temperature. (b) The linear relationship between maximum absorbance at λ = 680 

nm and concentrations of NH4Cl solution (y = 0.32244x + 0.0856, R2 = 0.9999).
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Fig. S7 UV-vis absorption spectra of different electrolytes mixed with N2H4 color reagent for 20 

min at room temperature. The absorbance was determined at a wavelength of 455 nm.

Fig. S8 Average NH3 yield of different samples at –0.3 V.
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Fig. S9 (a-c) Cyclic voltammetry curves of different samples at various scan rates in the potential 

range between 0 and 0.1 V. (d) Current density differences at 0.05 V plotted against scan rates.

Fig. S10 Average NH3 yield and Faradaic efficiency for the different samples at –0.3 V.
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Table S1. Comparison of the NRR performance of the PdCuIr-LS with recently reported 

electrocatalysts under ambient conditions.

Electrocatalysts Electrolytes rNH3 FE Ref.

PdCuIr-LS 0.1 M Na2SO4
13.43 µg h-1 mg-1

(8.7×10–11 mo1 s–1 cm–2)
5.29% This work

MoO3 0.1 M HCl 29.43 µg h-1 mg-1 1.9% 1

Rh nanosheet 0.1 M KOH 23.9 µg h-1 mg-1 0.22% 2

N-doped porous carbon 0.05 M H2SO4 23.8 µg h-1 mg-1 1.42% 3

TiO2-rGO 0.1 M Na2SO4 15.13 µg h-1 mg-1 3.3% 4

α-Au/CeOx-rGO 0.1 M HCl 8.31 μg h-1 mg-1 10.1% 5

Au nanorods 0.1 M KOH 6.04 μg h-1 mg-1 4% 6

VN nanosheet array 0.1 M HCl 5.6 μg h-1 mg-1
cat. 2.25% 7

Pd/C 0.1 M HCl ~2.5 μg h-1 mg-1
cat. ~1.0% 8

Pd0.2Cu0.8/rGO 0.1 M KOH 2.80 μg h-1 mg-1 ~0.71% 9

γ-Fe2O3 0.1 M KOH 0.21 μg h-1 mg-1 1.9% 10

MoS2/CC 0.1 M Na2SO4 8.08×10–11 mo1 s–1 cm–2 1.17 11

Fe3O4/Ti 0.1 M Na2SO4 5.6×10–11 mo1 s–1 cm–2 2.6 12

PEBCD/C 0.5 M Li2SO4 2.58×10–11 mo1 s–1 cm–2 2.85 13

Fe2O3-CNT KHCO3 0.36×10–11 mo1 s–1 cm–2 0.15 14

Ru/C 2 M KOH 0.34×10–11 mo1 s–1 cm–2 0.28 15
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Table S2. The compositions of samples prepared with different metal precursors.

Samples Mole ratios

PdCuIr-LS 10/4/1

PdCuIr-LS-L 5/5/1

PdCuIr-LS-H 12/3/1
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