
Experimental Section

Determination of NH3: We adopt Nessler’s reagent method to quantify the 

concentration of produced NH3. The electrolytes after 2-h electrolysis were diluted 50 

times due to the large concentration of produced NH3. In detail, 0.1 mL sodium 

potassium tartrate solution and 0.1 mL Nessler’s reagent was added to 5 mL of the 

diluted electrolyte. After shaking and standing for 20 minutes, the absorbance was 

measured at a wavelength of 420 nm. The concentration absorbance curve was 

calibrated by a serious of standard NH4Cl solutions with different concentration. The 

fitting curve (y = 0.17739x－0.00322, R2 = 0.9996) shows good linear relation of 

absorbance value with NH3 concentration. 

Determination of NO2
– : Griess method was adopt to quantify the concentration of 

NO2
–. The electrolytes were diluted 50 times. In brief, 4-aminobenzenesulfonamide 

(20.0 g), H3PO4 (50 mL), N-(1-naphthyl)-ethylenediamine dihydrochloride (1.0 g), and 

deionized water (450 mL) was mixed as a color reagent. Then, 0.1 mL color agent was 

added to 5 mL of the diluted electrolyte. The absorbance was performed at a wavelength 

of 540 nm after the mixture stand 15 min in dark. The fitting curve (y =2.99322x－

0.0000420 R2 = 0.9999) shows good linear relation of absorbance value with NO2
– 

concentration.

Determination of NO3
– : The electrolytes were diluted to the detection range. In brief, 

0.1 mL 1 M HCl and 0.01 mL 0.8 wt % sulfamic acid solution were added to 5 mL of 

the diluted electrolyte. After shaking and standing for 15 minutes, the absorbance was 

measured at wavelengths of 220 nm and 275 nm. The final absorbance was calculated 

by the following equation: Abs = A220nm - 2A275nm. The calibration curve was plotted 

by the concentration of ammonia standard solution versus the corresponding 

absorbance (y = 0.25197x＋0.00125 R2 = 0.9998).

Determination of FE, NH3 yield:
 The ammonia generation rate was calculated as the following equation:
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The FE of ammonia was calculated as the following equation:
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Where n represent the number of electrons transferred for NO3RR (the reduction of 

NO3
– to NH3 consumes 8 electrons), F is the Faraday constant (96485 C mol-1), C is the 

concentration of produced NH3 calculated by fitting curves, V is the volume of cathodic 

reaction electrolyte (125 mL), M is the relative molecular mass of NH3, Q is the total 

quantity of applied electricity, t is the reduction time (2 h), and m is the mass of catalyst 

(mg).

In situ Raman measurement: In situ Raman spectroscopy was performed on a 

Renishaw inVia Qontor Raman microscope system with a homemade three-electrode 

H-type in situ cell. The wavelength of the excitation source of the laser is 532 nm (10%). 

A 50 × long focal length distance objective (Leica) was used for focus. The graphite 

rod and Ag/AgCl electrode (saturated KCl solution) as the counter and reference 

electrodes, respectively. The spectrum was collected after 5 min of stable operation for 

each potential.
15N isotope-labeling experiment: An isotope-labeling experiment with using 0.1M 

NaOH/0.1 M Na15NO3 as the electrolyte was carried out to clarify the source of NH3. 

After electrolysis, the pH of the electrolyte was adjusted to 3 using 5 M H2SO4. Then, 

0.5 mL of the above solution was taken out, followed by the addition of 50 μL of 

deuterium oxide for further quantification by 1H NMR (600 MHz). The standard 

calibration curve was also established using 15NH4Cl aqueous solutions with known 

concentrations (25, 50, 75, 100, 150 ppm).



Figure S1. XRD images of NCNT.



Figure S2. XPS survey spectrum of Co/Co3O4@NCNT, Co3O4@NCNT, Co@NCNT, NCNT.



Figure S3. C 1s XPS spectra of Co/Co3O4@NCNT, Co3O4@NCNT, Co@NCNT, NCNT.



Figure S4. N 1s XPS spectra of Co/Co3O4@NCNT, Co3O4@NCNT, Co@NCNT, NCNT.



Figure S5. O 1s XPS spectra of Co/Co3O4@NCNT, Co3O4@NCNT, NCNT.



Figure S6. LSV curves of NCNT in 0.1 M NaOH with and without 0.1M NO3
-.



Figure S7. EIS curves of Co@NCNT, Co3O4@NCNT, Co/Co3O4@NCNT and NCNT at 0.1 V/s 

in a 0.1 M NaOH solution.



Figure S8. The calibration curve used for calculation of NO2
- concentration.



Figure S9. The calibration curve used for calculation of NO3
- concentration.



Figure S10. The calibration curve used for calculation of NH4
+ concentration.



Figure S11. NO2
- yields of Co/Co3O4@NCNT at each given potential.



Figure S12. Standard calibration curve of 15NH4
+.



Figure S13. Produced ammonia yield determined by 1H NMR and Nessler’s method, respectively.



Figure S14. Chronoamperometry curves of Co/Co3O4@NCNT for generated NH3 during 

recycling tests at −1.5 V vs. Hg/HgO in 0.1 M NaOH with additional 0.1 M NaNO3.



Figure S15. (a-d) HRTEM images of Co/Co3O4@NCNT after 10 cycles.



Figure S16. (a) XRD pattern (b) XPS survey spectrum (c) Co 2p spectrum and (d) C 1s XPS 

spectra of Co/Co3O4@NCNT after 10 cycles.



Table S1. Comparison of the catalytic performances of Co/Co3O4@NCNT with the other reported 

NO3
−RR electrocatalysts

Catalyst Electrolyte FE (100%) NH3 yield Ref.

Co/Co3O4 
@NCNT 

0.1 M NaOH 
（0.1 M NO3

-）
56% 6069 ug h-1 mgcat

-1 This 
work

ZnCo2O4
0.1 M KOH 
（0.1 M NO3

-）
75% 2100 ug h-1 mgcat

-1 1

Cu3P NA/CF 0.1 M PBS       
（0.1 M NO3

-）
62.90% 847.96 ug h-1 mgcat

-1 2

CoS2 @TiO2/TP 0.1 M NaOH 
（0.1 M NO3

-）
85.14% 5790.87ug h-1 mgcat

-1 3

FeS2/RGO 0.5 M Na2SO4   

（0.1 M NO3
-）

83.70% 4640 ug h-1 mgcat
-1 4

Cu−Pd/C 0.1 M KOH        
（10 mM NO3

-）
62.30% 220 ug h-1 mgcat

-1 5

Pd NDs/ZrMOF
0.1 M 

Na2SO4（500pp
mNO3

-）
58.10% 4880 ug h-1 mgcat

-1 6

Co3O4@NiO 0.5 M Na2SO4 
(2.36 mM NO3

–) 55% …. 7

Cu2O (100) 0.1 M Na2SO4 
（50ppm NO3

-）
82.30% 743 ug h-1 mgcat

-1 8

10Cu/TiO2-x
0.5M Na2SO4 

(200ppm NO3
–) 81.34%  1943.1 ug h-1 mgcat

-1 9

RM 1 M PBS          
（1 M NO3

-）
92.80% 2720 ug h-1 cm-2 10

FeOOH/CP 0.1 M PBS    
（0.1 M NO3

-）
92% 2419 ug h-1 cm-2 11

MnO2-x
0.5 M Na2SO4 
（0.1 M NO3

-）
92% 3340 ug h-1 cm-2 12

In-S-G 0.1 M NaOH 
（0.1 M NO3

-）
75% 1271.94 ug h-1 cm-2 13
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