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1. Chemicals and Materials 

Methanol (MeOH, HPLC grade), ethanol (HPLC grade) dichloromethane (DCM, HPLC grade), acetonitrile 
(MeCN, HPLC grade), ethyl acetate (HPLC grade), n-hexane (HPLC grade), silver trifluoroacetate (CF3CO2Ag, 
98%), sodium methoxide (CH3ONa, 95%), 3, 3-dimethyl-1-butyne (tBu-C≡CH, 98%), aqueous ammonia (28% 
NH3 in H2O), sodium cyanoborohydride (NaBH3CN, 98%), Sodium hexafluoroantimonate (NaSbF6), potassium 
hydroxide (KOH, 95%), sodium nitrate (NaNO3, 99%), salicylic acid (98%), sulfanilic acid (99%), sodium citrate 
(98%), sodium hydroxide (NaOH, 95%), sodium nitroferricyanide dihydrate (Na2[Fe(CN)5NO]·2H2O, 97%), 
potassium nitrite (KNO2, 96%), potassium nitrate (KNO3, 99%), sodium hypochlorite (NaClO, 98%), ammonium 
chloride (NH4Cl, >99.9%), N-(1-naphthyl)ethylenediamine dihydrochloride (C10H7NHC2H4NH2·2HCl, 98%), 
sulfanilamide (98%), phosphoric acid (H3PO4, 99%), hydrochloric acid (HCl, 37%), hydrophobic carbon cloth 
were all purchased from Energy Chemical (Shanghai, China). NaNO3 (99.5%), ether (99%), and hydrochloric acid 
(99%) were bought from Guangzhou Dongzheng Chemical Reagent (Guangzhou, China). The water with the 
resistivity of 18.3 MΩ·cm was supplied by a Barnstead Nanopure water system. All chemicals were used as 
received without further treatment. 

2. Preparation of Ag15 and Ag9Cu6 Nanoclusters 

Ag15(C≡CtBu)12+ 

In a typical procedure, solution A containing 136 mg CF3CO2Ag in 15 mL dichloromethane and 1 mL 
acetonitrile, solution B containing 83 mg CH3ONa and tBuC≡CH (15 µL) in 2 mL methanol, solution C containing 
144 mg NaBH3CN in 10 mL MeOH were prepared separately. Under vigorous stirring, solution B was added into 
solution A to yield a colorless suspension, followed by the rapid injection of solution C. An immediate color 
transition to purple was observed, indicating the formation of NCs. The reaction was kept in an ice bath for 3 h. 
Then, the solvent was removed via rotary evaporation, and the crude solid was extracted and purified using a 
DCM/acetonitrile mixture to give Ag15 as a purple solution. 

Ag9Cu6(C≡CtBu)12+ 

To get tBuC≡CAg(I) precursor, Ag2O (500 mg, 2.1 mmol) was suspended in 20 mL of aqueous ammonia and 
kept vigorously stirring for 10 min until complete dissolution. After filtration, 5 mL of deionized water was added 
into the filtrate and tBu-C≡CH (950 mg, 4.1 mmol in 2.5 mL of ethanol) was added dropwise under vigorous 
stirring (1000 rpm) over 10 min. The white precipitate was washed repeatedly with deionized water, ethanol, and 
diethyl ether, and collected via centrifugation to yield tBuC≡CAg(I). In a typical synthesis of Ag9Cu6(C≡CtBu)12

+, 
tBuC≡CAg(I) (6.30 mg, 0.03 mmol) and NaSbF6 (7.84 mg, 0.03 mmol) were ultrasonically co-dispersed in 4 mL 
DCM and 2 mL MeCN at room temperature. After 10 min, a freshly prepared solution of (PPh3)2CuBH4 was added 
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under vigorous stirring for an additional 10 min. The solution color changed from colorless to yellow and 
eventually to dark brown. The mixture was incubated for 12 h in the absence of light. The solvent was removed 
via rotary evaporation and the dark solid was washed with ethyl acetate and methanol extensively. 
Ag9Cu6(C≡CtBu)12

+ were then extracted with DCM to give a blue solution. 

3. Electrochemical Measurements 

The catalyst ink was prepared by homogeneously dispersing the catalyst in a mixture of ethanol and a Nafion 
solution. To prepare the catalytic composite, the as-prepared NC was immobilized onto XC-72 carbon black at a 
mass ratio of 2: 1 (10 mg NC: 5 mg carbon black). The catalyst ink precursor was obtained by dispersing the 
composite in ethanol (1.5 mg mL−1) via sonication for 30 min. The final catalyst ink was formulated by uniformly 
mixing 1 mL of the above suspension with 40 μL of 5 wt.% Nafion solution. Subsequently, 120 µL of the ink was 
uniformly drop-cast onto a hydrophobic carbon cloth substrate to yield a working electrode with a geometric area 
of 1 × 1 cm2. Electrochemical evaluation was conducted on a computer-controlled Donghua electrochemical 
workstation utilizing a standardized three-electrode architecture. A Pt plate (1 × 1 cm2) and a Hg/HgO electrode 
(filled with 1.0 M KOH) were employed as the counter and reference electrodes, respectively. The anodic and 
cathodic compartments of the typical H-type cell were separated by a Nafion 117 membrane, which had been 
sequentially pretreated at 80 °C in a 5% H2O2 aqueous solution for 1 h and in deionized water for another 1 h. All 
measured potentials were normalized to the reversible hydrogen electrode (RHE) scale. 𝐸ୖୌ୉ =  𝐸ୌ୥/ୌ୥୓ + 0.0591 × pH + 0.098 

Electrocatalytic NO3RR Evaluation 

The NO3RR performance was investigated in a 1 M KOH + 0.1 M KNO3 electrolyte under continuous mass 
transport regulated by mechanical stirring at 300 rpm. Prior to and during the electrochemical tests, the dissolved 
oxygen/air in the catholyte was strictly eliminated via continuous inert gas purging. Linear sweep voltammetry 
(LSV) curves were acquired at a scan rate of 10 mV s–1, with an 80% iR–compensation applied to all polarization 
curves. To evaluate the ECSA, the electrochemical double–layer capacitance (Cdl) was measured via cyclic 
voltammetry (CV) within a non–Faradaic potential region of 0.34–0.46 V vs. RHE at scan rates ranging from 20 
to 120 mV s–1. The charging current density differences (ja − jc) displayed a linear relationship with the scan rates, 
where the linear slope is mathematically equivalent to 2 Cdl. The ECSA was subsequently calculated using the 
empirical relation: ECSA =  𝐶ୢ୪/𝐶ୱ 

Potentiostatic investigations were automatically terminated upon capturing a total Coulombic charge of 800 C 
per interval. The electrocatalytic durability of the Ag9Cu6 catalyst was assessed at −0.6 V vs. RHE through 7 
successive potentiostatic cycles, where each run was automatically terminated upon capturing a total Coulombic 
charge of 800 C. The electrocatalytic durability of the Ag15 catalyst was assessed at −0.5 V vs. RHE through 7 
successive potentiostatic cycles, where each run was automatically terminated upon capturing a total Coulombic 
charge of 800 C. 

4. Quantitative Detection 

4.1. Quantification of NH3 

The NH3 concentration was determined using the indophenol blue spectrophotometric method. Three 
chromogenic reagents were prepared as follows: Reagent A, containing 5 g salicylic acid, 5 g sodium citrate, and 
4 g NaOH dissolved in 100 mL of H2O; Reagent B, containing 1 g Na2[Fe(CN)5NO]·2H2O dissolved in 100 mL 
of H2O; and Reagent C, containing 8.3 g NaClO dissolved in 100 mL of H2O. For analysis, an electrolyte aliquot 
(3 mL) was sequentially mixed with 200 µL of Reagent B, 2 mL of Reagent A, and 1 mL of Reagent C. After 
incubation for 30 min, the absorbance was measured at 655 nm using a UV-vis spectrophotometer. A calibration 
curve was established using standard NH4Cl solutions. 

4.2. Quantification of Nitrite (NO2
–) 

The NO2
– concentration was determined colorimetrically using a Griess-type reagent prepared from 0.2 g 

C10H7NHC2H4NH2·2HCl, 4 g sulfanilamide, and 10 mL H3PO4 in 50 mL H2O. 100 µL of the reagent was added 
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into an electrolyte aliquot (5 mL). After standing for 30 min at room temperature, the absorbance was recorded at 
540 nm using a UV-vis spectrophotometer. A calibration curve was established using standard KNO2 solutions. 

4.3. Quantification of Nitrate (NO3
–) 

The NO3
– concentration was determined by UV-vis spectroscopy. 0.1 mL of 1.00 M HCl and 0.01 mL of 0.8 wt.% 

sulfanilic acid were added into an electrolyte aliquot (5 mL). After reacting for 30 min, the absorbance was 
recorded at 220 nm and 275 nm, respectively. The corrected absorbance was calculated according to the equation 
A = A220 nm − 2A275 nm. A calibration curve was established using standard KNO3 solutions. 

5. Theory/Calculation 

The NH3 yield rate and Faradaic efficiency was calculated by the following equations: 
The NH3 yield rate was calculated using the following Equation: NHଷ yield rate =  C୒ୌయ  ×  VM୒ୌయ  × t × A 

where C୒ୌయ is the concentration of NH3 produced, V is the volume of the catholyte of the cathode chamber (30 mL), 
A is the geometric area of the working electrode (1 cm2); t is the electrolysis time. 

The Faradaic efficiency (FE) was calculated using the following Equation: Faradaic efficiency = n × c × V × FQ  

FENHଷ   =  8 ×  F ×  C୒ୌయ  ×  VM୒ୌଷ  × Q  

FENOଶି  =   2 ×  F × C𝑁𝑂2−  ×  VM𝑁𝑂2−  × Q  

where C୒ୌయ  represents the mass concentration of the generated NH3 (g·L–1), Cேைమష  represents the mass 
concentration of the generated NO2

– (g·L–1), V is the volume of the catholyte (L), Mேைమష denotes the molar mass 
of NO2

– (g·mol–1), and M୒ୌయ denotes the molar mass of NH3 (g·mol–1). T corresponds to the electrolysis duration 
(h). Furthermore, n defines the number of transferred electrons required for the specific reduction pathway, F is 
the Faraday constant (96,485 C·mol–1), and Q signifies the total integrated charge accumulated during the 
electrocatalytic process (C). 

Table S1. The comparison between Ag9Cu6 and other catalysts in eNO3RR. 

Catalyst 𝐅𝐄𝐍𝐇𝟑 NH3 Yield Rate Nitrate Concentration pH Potential (V vs. RHE)  
Ag9Cu6 88.48 9.93 mg·h–1·cm–2 0.1 M 14 −0.6 This work 

Ag20Cu12 NCs 84.6 0.138 mmol·h–1·cm–2 0.1 M 14 −0.8 [1] 
Ag13Cu4 NCs 90.4 0.215 mmol·h–1·cm–2 0.1 M 14 −0.7 [2] 

Defect-rich Cu nanoparticles 99.7 0.89 mmol·h–1·cm–2 0.02 M 14 −0.4 [3] 
Defective Cu nanowire arrays >90 7.85 mmol·h–1·cm–2 100 mM 7 −0.3 [4] 

Bimodal nanoporous Ag/Ag-Co 97.1 25.1 mg·h–1·cm–2 50 mM 14 −0.6 [5] 
Ag@Cu3N/CF 95.9 1.91 mmol·h–1·cm–2 0.1 M 14 −0.3 [6] 
Cu/Ag-Ru/C 93.5 3.45 mmol·h–1·cm–2 0.5 M 14 −0.9 [7] 

CuAgTe NWs 98.3 8.30 mg·h–1·cm–2 0.1 M 14 −0.5 [8] 
AgCu NWs 95.5 2.56 mg·h–1·cm–2 50 mg/L  7 −0.6 [9] 

Cu11Ag3 nanotips 98.8 2.36 mmol·h–1·cm–2 1800 mg/L 14 −0.33 [10] 
Ag/Cu/MXene 87.7 10.3 mol·h–1·g–1 0.1 M 14 −1 [11] 
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Figure S1. (a) The UV-vis absorption spectra for standard (NH4)2SO4 solutions with different concentrations in 1 M 
KOH and (b) corresponding calibration curve for the colorimetric NH4+ assay. 

 

Figure S2. (a) The UV-vis absorption spectra for standard KNO2 solutions with different concentrations in 1 M 
KOH and (b) corresponding calibration curve for the colorimetric NO2– assay. 

 

Figure S3. Chronoamperometric responses (current density vs. time) of Ag9Cu6 under potentiostatic conditions at 
an applied potential of −0.6 V vs. RHE. All measurements were conducted until the total charge transferred 
amounted to 800 C. 
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Figure S4. Chronoamperometric responses (current density vs. time) of Ag15 under potentiostatic conditions at an 
applied potential of −0.6 V vs. RHE. All measurements were conducted until the total charge transferred amounted 
to 800 C. 

 

Figure S5. 1H NMR spectra of eNO3RR using Ag9Cu6 as catalysts and 15 NO3− or 14 NO3− as electrolytes. 
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