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Experimental Section

Calibration reference electrode:

An Ag/AgCl electrode is used as the reference electrode in all measurements and the reference
electrode was calibrated on reversible hydrogen electrode (RHE). The calibration process was
performed based on form literature (S1), all the potentials were calibrated according to the formula
of E (RHE) = E (Ag/AgCl/saturated KCI) + 0.28 V in this study.

Calculation of double-layer capacitance:

The electrochemically effective surface areas are reflected by double layer capacitances (Cg4;), which
can be calculated from cyclic voltammograms (CVs). CVs were performed at which no obvious
Faradic current were observed. The capacitive currents, 4j/2 (4j=j,j., j. and j. refer to anodic and
cathodic current values at 0.42 V vs. RHE, were plotted against the scan rate. The linear

relationships were observed with the slopes of the Cy value.



Fig. S1 SEM images of the samples prepared under the identical conditions used for the typical

synthesis in the absence of KBr (a), and by replacing KBr with KCI (b) and KI (c), respectively.

Fig. S2 SEM image of the sample prepared without HCI.



Fig. S3 SEM images of the samples prepared under the typical conditions without F127 (a), and by
replacing F127 with DM-970 (b), and Brij 58 (¢), respectively.
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Fig. S4 (a) SEM image of the Pd NPs prepared without Ru precursor. (b and ¢) SEM images of the
PdRu NPs and PdRu NDs prepared with the different metallic precursor amounts under identical
conditions used for the typical synthesis. The added metallic precursor amounts of Na,PdCl, and

RuClj are 3.9 mL and 0.6 mL for PdARu NPs and 1.1 mL and 3.4 mL for PdRu NDs, respectively.
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Fig. S5 LSV curves of the PARu NRAs in a Nj-saturated (red line) and an Ar-saturated (blue line)
0.1 M HCI electrolyte at 50 mV s 1.
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Fig. S6 Absolute calibration of the indophenol blue method using ammonium chloride solutions of
known concentration as standards. (a) UV-Vis curves of indophenol assays with NH," ions after
incubated for 2 h at room temperature, (b) calibration curve used for estimation of NH; by NH4" ion
concentration. The absorbance at 655 nm was measured by UV-Vis spectrophotometer, and the
fitting curve shows good linear relation of absorbance with NH; concentration (y =0.544x + 0.049,

R?=0.999) of three times independent calibration curves.
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Fig. S7 Absolute calibration of the Watt and Chrisp (para-dimethylaminobenzaldehyde) method for
the estimating of N,H4-H,O concentration using N,H4-H,O solutions with known concentration as
standards. (a) UV-Vis curves of various N,H4-H,O concentration after incubated for 10 min at room
temperature, (b) calibration curve used for estimation of N,H4-H,O concentration. The absorbance
at 458 nm was measured by UV-Vis spectrophotometer, and the fitting curve shows good linear
relation of absorbance with N,H4-H,O concentration (y = 0.683x+0.025, R?>=0.999) of three times

independent calibration curves.

20
(a) (b)
F}
3 _78 15+
[=T)]
5 =
= - 104
2 o
< = &
e
=
7.
= 04 * e e * *
420 440 460 480 500 00 01 02 03 -04
Wavelength (nm) Potential (V vs. RHE)

Fig. S8 (a) UV-vis absorption spectra of the HCI electrolyte stained with the Watt and Chrisp (para-
dimethylaminobenzaldehyde) indicator after charging at each given potential for 2 h. (b) Yield rate

of N,H4-H,0 formation at each given potential.
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Fig. S9 The proposed pathway for the NHj synthesis using PdARu NRAs catalyst.

Fig. S10 SEM images of the different samples loaded onto a carbon paper electrode with area of 0.5

X 0.5 cm?: (a) PARu NRAs, (b) PdRu NPs, (¢) PdRu NDs.
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Fig. S11 (a-c) Cyclic voltammograms for synthesized PdRu NRAs, PARu NDs and PdRu NPs in
0.1 M HCl solution with a potential range of 0.38V~0.48V vs. RHE.
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Fig. S12 CV curves of the catalysts in 0.5 M H,SO, solution under a sweep rate of 50 mV s-!

(potential range: -0.2V~1.2V vs. Ag/AgCl).
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Fig. S13 Yield rate of NH; calculated by ECSA (blue) and electrode area (red) of the samples.
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Fig. S14 UV-vis absorption spectra of the HCI electrolyte stained with indophenol indicator after

charging at -0.2 V for 2 h under various conditions.



Table S1. The comparisons of the NRR performance of the PdARu NRAs with the recently reported

catalysts under ambient conditions.

Catalyst Electrolyte Conditions Yield. Ref.
PdRu NRAs 0.1 M HCI 25°C 342 ugh'mg-l,, | This work
Au-TiO, sub nanocluster 0.1 M HC1 25°C 21.4 pg h'' mg! S1
Au nanorods 0.1 M KOH 25°C 1.65 pg h'! cm2 S2
Amorphous-Au-CeO,-RGO 0.1 M HCI 25°C 8.3 ugh'' mg e, S3
Li+-incorporation
poly(Nethyl-benzene- . o 4o
1.2.4 5-tetracarboxylic 0.5 M Li,SOq4 25°C 1.58 pgh'! cm S4
diimide)
amorphous Bi,V,01;
crystalline CeO, hybrid 0.1 M HC1 25°C 23.21 ug h'! mg! S5
nanofibers
N-Doped Porous Carbon | 0.05 M H,SO4 25°C 1.40 mmol g' h™! S6
Amorphous PdCu-rGO 0.1 M KOH 25°C 2.8 ugh!mg-l, S7
Pd/C 0.1 M PBS 25°C 4.9 pg mg'pg h! S8
Rh nanosheets 0.1 M KOH 25°C | 23.9 pg h'l mg-ley, s9
nanoassemblies
Hollow Gold Nanocages | 0.5 M LiClO4 20 °C 2.35 pg cm? h! S10
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