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Experimental Section

Determination of ammonia: The concentration of produced ammonia was determined by the 

indophenol blue method.1 In detail, 2 mL aliquot of the electrolyte was received from the 

electrolytic cell, then mixed with 2 mL of 1 M NaOH solution containing salicylic acid (5 

wt%) and sodium citrate (5 wt%). After that, 1 mL of 0.05 M NaClO and 0.2 mL of 1 wt % 

C5FeN6Na2O were added into the above solution. The ultraviolet-visible (UV-Vis) absorption 

spectrum (TU-1900) was measured after standing at room temperature for 2 h. The 

concentration of indophenol blue was determined using the absorbance at a wavelength of 655 

nm. The concentration-absorbance curves were calibrated using standard ammonia chloride 

solution with a serious of standard concentrations. The fitting curve (y = 0.371x + 0.051, R2 

= 0.999) shows good linear relation of absorbance value with NH3 concentration. 

Determination of hydrazine: The hydrazine presented in the electrolyte was estimated by 

the method of Watt and Chrisp.2 A mixture of para-(dimethylamino) benzaldehyde (5.99 g), 

concentrated HCl (30 mL) and ethanol (300 mL) was used as a color reagent. In brief, 5 mL 

aliquot of the electrolyte was received from the electrolytic cell, then mixed with 5 mL color 

reagent. The UV-Vis absorption spectrum was measured after standing at room temperature 

for 10 min. The concentration was determined using the absorbance at a wavelength of 458 

nm. The calibration curve of this method was achieved using hydrazine monohydrate 

solutions of known concentrations as standards, and the fitting curve shows good linear 

relation of absorbance with N2H4·H2O concentration (y = 0.724x – 0.014, R2 = 0.999).

Calculation of double-layer capacitance: The electrochemically effective surface areas are 

reflected by double layer capacitances (Cdl), which can be calculated from cyclic 

voltammograms (CVs).3 CVs were performed at which no obvious Faradic current were 



S-3

observed. The capacitive currents, Δj/2 (Δj = ja – jc, ja and jc refer to anodic and cathodic 

current densities at 0.42 V), were plotted against the scan rates between 20 and 100 mV s–1. 

The linear relationships were observed with the slope of the Cdl value.
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Fig. S1 XRD pattern of the PdRu TPs.

Fig. S2 SEM images of the samples prepared with different amounts of KBr: (a) 0 mg, (b) 10 

mg, and (c) 160 mg.
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Fig. S3 SEM images of the PdRu samples prepared with different amounts of metallic 

precursor under the identical synthesis conditions: (a) Na2PdCl4 (3 mL, 20 mM), RuCl3 (0 

mL, 20 mM); (b) Na2PdCl4 (0.6 mL, 20 mM), RuCl3 (2.4 mL, 20 mM); and (c) Na2PdCl4 (0.1 

mL, 20 mM), RuCl3 (2.9 mL, 20 mM).

Fig. S4 SEM images of the samples prepared with different amounts of HCl: (a) 0 mL, (b) 

0.05 mL, and (c) 0.2 mL.
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Fig. S5 SEM images of the samples prepared under the typical synthesis conditions with (a) 

0 mg DM-970 and (b) 50 mg Brij58.

Fig. S6 SEM images of the PdRu TPs taken at different reaction times: (a) 10 min, (b) 30 min, 

and (c) 120 min.
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Fig. S7 Yield rate of NH3 at the potentials of -0.2 V during the recycling tests.

Fig. S8 Absolute calibration of the indophenol blue method using ammonium chloride 

solutions of known concentrations as standards. (a) UV–Vis absorption spectra of indophenol 

assays with NH4
+ ions after incubation for 2 h at room temperature; (b) calibration curve used 

for estimation of NH3 by NH4
+ concentrations. The absorbance at 655 nm was measured by 

UV–Vis spectrophotometer, and the fitting curve shows good linear relation of absorbance 

with NH3 concentrations (y = 0.371x + 0.051, R2 = 0.999).
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Fig. S9 cyclic voltammetry curves of different samples with various scan rates (20–100 mV s–

1) in the potential range of 0.37 to 0.47 V.

Fig. S10 Absolute calibration of the Watt and Chrisp (para-dimethylaminobenzaldehyde) 

method for estimating N2H4·H2O concentration, using N2H4·H2O solutions of known 

concentrations as standards. (a) UV–Vis absorption spectra of various N2H4·H2O 

concentration after incubation for 10 min at room temperature, (b) Calibration curve used for 

estimation of N2H4·H2O concentration. The absorbance at 458 nm was measured by UV–Vis 

spectrophotometer, and the fitting curve shows good linear relation of absorbance with 

N2H4·H2O concentrations (y = 0.724x – 0.014, R2 = 0.999).
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Fig. S11 Yield rate of N2H4 formation for the PdRu TPs at selected potentials.

Fig. S12 UV–Vis absorption spectra of the KOH electrolyte stained with indophenol indicator 

after charging at -0.2 V for 2 h under various conditions.
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Fig. S13 Chronoamperometry curve of the PdRu TPs at the potential of -0.2 V for 20 h.



S-11

Table S1. Comparisons of the NRR yield on the different catalysts.

Catalysts Electrolytes Conditions Yields Ref.

PdRu TPs 0.1 M KOH 25 °C 37.23 μg h–1 mg–1
cat.

(11.9 μg h–1 cm–2)
This 
work

Rh nanosheets 0.1 M KOH 25 °C 23.90 μg h–1 mg–1
cat. 1

Pd0.2Cu0.8/rGO 0.1 M KOH 25 °C 2.80 μg h–1 mg–1
cat. 2

C-ZIF-1100-1h 0.1 M KOH 25 °C 3.40 μg h–1 cm–2 3

Au nanorods 0.1 M KOH 25 °C 1.65 μg h–1 cm–2 4

Amorphous 
Bi4V2O11/CeO2 

0.1 M HCl 25 °C 23.21 μg h–1 mg–1
cat. 5

Au-TiO2 0.1 M HCl 25 °C 21.40 μg h–1 mg–1
cat. 6

a-Au/CeOx–RGO 0.1 M HCl 25 °C 8.30 μg h–1 mg–1
cat. 7

Pd/C 0.1 M PBS 25 °C 4.90 μg h−1 mg−1
Pd 8

Gold nanocages 0.5 M LiClO4 20 °C 2.35 μg h–1 cm–2 9

PEBCD/C 0.5 M Li2SO4 25 °C 1.58 μg h–1 cm–2 10
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