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Supplementary figures and tables. 

 
Figure S1. The standard solution for quantitatively measuring NH3 concentration. 

 
Figure S2. The NH3 yield rate and FE at -0.67 V vs. RHE using the Cu80Co20 catalyst 
at low nitrate concentration (100 to 800 ppm). 

 



 
Figure S3. Measurement of all products using the Cu80Co20 catalyst at a potential range 

from -0.07 V to -0.67 V vs. RHE. 

 

Figure S4. Changes in the concentration of nitrogen species (NO3- , NO2-, and NH3) 

during electrocatalysis on Cu80Co20 in 1 h (-0.67 V vs. RHE). 

 

 



 
Figure S5. CuCo catalyst electrodeposition process without plasma pre-treatment. 

 

 

 
Figure S6. The NH3 yield rate and FE using plasma modified CuCo alloy with different 

working gases (Ar, N2 and Air). 

 



 

Figure S7. Cyclic voltammogram curves of the untreated pure Cu (a), Cu30Co70 (c), and Ar-plasma 

modified pure Cu (b), Cu30Co70 (d) catalyst. The cyclic voltammetry profiles were obtained using 

the pure Cu and Cu30Co70 catalysts at the sweep rates of 20, 40, 60, 80, and 100 mV s-1. 

 

 
Figure S8. CuCo catalyst electrodeposition process after ICP Ar-plasma treatment with 

power and treatment duration of 300 w and 5 mins, respectively. 



 
Figure S9. EIS spectra from 0.01 Hz to 10000Hz at open circuit potential of Cu30Co70 

and Cu30Co70-NTP. 

 

 
Figure S10. TEM images of the pure Cu (a-c) and Cu30Co70 (d-f) catalysts deposited 

on substrate with Ar-plasma treatment.  

 



 
Figure S11 Energy Dispersive Spectrometer (EDS) images of the Cu30Co70 catalyst 

with Ar-plasma treatment in the selected region. The scale bars are 5 μm. The weight 

ratio of Co was about 35%, and the weight ratio of Cu was about 65%. (a) Catalyst 

morphology. (b) Cu and Co in EDS spectra. (c) Cu in EDS spectra. (d) Co in EDS 

spectra. (e) Elements composition. 

 

 

Figure S12. Comparison of nitrate-to-NH3 activity using CuCo alloy before and after 

Ar-plasma treatment in terms of pH variation at -0.27 V vs. RHE. 

 

 

 



 
Figure S13. SEM and XPS iamges of the long-term working and non-working 

Cu30Co70 catalyst. 

 

 
Figure S14. Stable structure and intermediate pathways for the reduction of ammonia 

by CuCo catalysts. 
 

 

  



Table S1 Actual loading amount of Cu and Co on different catalysts obtained by ICP-

OES 

  Cu (μg cm-2) Co (μg cm-2) 
Cu 41.23 0.321 
Co 0.772 45.77 

Cu30Co70 9.33 39.75 
Cu50Co50 22.52 28.34 
Cu80Co20 50.11 12.33 

 

Table S2 Comparison of different electrocatalysts for NH3 synthesis from nitrate.  

Cathode 

material 

FEmax jNH3 

 (mA cm-2) 

Production rate 

(μg h-1 cm-2) 

Production rate 

(mmol mgcat-1 h-

1) 

Ref. 

Titanium 82% 22 / / [1] 

Copper-

molecular solid 

85.9% 40 436 / [2] 

Copper 

nanosheets 

99.7% 12 400 / [3] 

Copper-nickel 

Alloys 

98% 160 / / [4] 

TiO2-x 85% / / 0.045 [5] 

Cu/Cu2O 

NWAs 

95.8% / 3330.6 / [6] 

Iron-based 

single-atom 

~100% / 2750 .7 / [7] 

Strained 

ruthenium 

nanoclusters 

~100% > 120 / 5.56 [8] 

CuCo alloy 

modified by 

Ar-plasma  

78.4%

~92.2

% 

90 4180.7 / This 

wor

k 



Supplementary notes 1 

Characterization of Super-resolution infrared imaging 
Super-resolution infrared imaging was performed by a mid-infrared photothermal (MIP) 
imaging and spectroscopy platform (mIRage, Photothermal Spectroscopy Corp.), 
which is comprised of a mid-infrared 100 kHz pulsed pump laser and a 532-nm 
continuous-wave (CW) laser as the probe beam, collinearly focused by a reflective 
objective (40X, 0.78 N.A.) onto the sample. The IR absorption induces a photothermal 
signal that modulates the probe intensity, which was epi-detected at a photodiode. The 
modulation signal was then extracted by a phase-sensitive detection with a lock-in 
amplifier (MFLI, Zurich Instruments). MIP spectra were acquired ranging from 1215 
to 1800 cm-1 and 1980 to 2321cm-1 with 20 ms time constant, 2 cm-1 step density and 
100 cm-1/s tuning speed. Each spectrum was averaged for 4 times. All MIP imaging 
were acquired with a 500-nm spatial step size and a 1.04-Hz scan rate. IR and CW probe 
power were set at 45% and 11%, respectively, for all spectra and images. 
 

Supplementary notes 2 
A Nicolet iS50 FT-IR transform infrared spectrometer equipped with a mercury 
cadmium telluride detector cooled with liquid nitrogen was employed in the IRRAS 
study. A calcium fluoride window and an in-situ EC-IR thin cell were applied in the 
test. The angle of incidence was set as ca. 70°. The working electrode was a glassy 
carbon electrode (6 mm in diameter) with drop-casted catalysts. The Ag/AgCl and Pt 
wire were used as reference electrode and counter electrode, respectively. The surface 
of working electrode was pressed onto the calcium fluoride window with a gap less 
than 10 m when collecting IR spectrum. The electrolyte was 1 M KOH and 0.1 M KNO3. 
In this experiment, chronopotentiometry was used at different potentials (-0.9 ~ -1.2 V 
vs. Ag/AgCl) after activation of catalyst. The reference spectrum was collected at -0.8 
V. The spectra are given in absorption units defined as A = − log(R/R0), where R and 
R0 represent the reflected IR intensities corresponding to the sample- and reference-
single beam spectrum, respectively. 
 

Supplementary notes 3 

NH3 quantification via the indophenol blue method 
The quantification of generated NH3 was spectrophotometrically determined by the 
indophenol blue method. 1 mL of the reacted solution was extracted from the cathode 
half-cell vessel and then diluted to 4 mL for detection. Afterward, 0.32 mL of 1 wt% 
sodium nitroferricyanide aqueous solution was added into diluted samples, followed by 
the addition of 2.4 mL of 0.32 M NaOH solution containing 10.4 M Sodium salicylate, 
and 0.8 mL of 0.3 M NaClO and 0.75M NaOH mixture. After 2 hours of incubation, 
the sample was measured using a UV-vis spectrophotometer. The concentration of 



indophenol blue was determined according to the absorbance at the wavelength of 655 
nm. 
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