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Figure S1.  HRTEM(a-b) and SEM(d)images of CCOC.



Figure S2. XPS survey spectrum of CCOC.



Figure S3. Cu LMM XPS spectrum of CCOC.



Figure S4. Raman spectra of CCOC and γ-Cu2(OH)3Cl. The bands at 274 and 352 

cm−1 are attributed to bending vibration of Cu2+. The bands at 459 cm−1 and 506 

cm−1 are ascribed to bending vibration of Cu+. The band at 660 cm−1 belongs to 

Co2+/ Co3+.



Figure S5. Calibration curve in 0.5 M Na2SO4 using ammonium chloride solutions of 

known concentration as standards. (a) Spectrophotometric UV-vis curves of salicylic 

acid after incubated for 1 hour and (b) calibration curve used for the estimation of NH3 

concentration. The absorbance at 655 nm was measured by a UV-Vis 

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

NH3 concentration (y = 0.1687x + 0.0291, R2 = 0.999).



Figure S6. Calibration curve in 0.5 M Na2SO4 using potassium nitrite solutions of 

known concentration as standards. (a) Spectrophotometric UV-vis curves of salicylic 

acid after incubated for 20 minutes and (b) calibration curve used for the estimation 

of N-NO2
− concentration. The absorbance at 540 nm was measured by a UV-Vis 

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

with N-NO2
− concentration (y = 2.3429x + 0.0069, R2 = 0.999).



Figure S7. FE of NH3 and NO2
— at different applied potentials on CCOC(a), γ-

Cu2(OH)3Cl(b) and Cu0.72Co2.24O4(c) in 0.5 M Na2SO4 with 0.1 M KNO3.



Figure S8. CV curves of CCOC (a), γ-Cu2(OH)3Cl (b) and Cu0.72Co2.24O4 (c) at 

varied scan rates (40 to 100 mV s-1) in the region of -0.05 to -0.15 V (vs. Ag/AgCl).



Figure S9. TEM (a) and SEM (b) images of CCOC after reaction for 5 h.



Figure S10. Cu LMM spectrum of CCOC after reaction for 2.5 h.



Figure S11. Electrochemical in situ Raman spectra of γ-Cu2(OH)3Cl collected 

during NO3
−RR from 0 to 60 min in Ar-saturated 0.5 M Na2SO4 with 0.1 M KNO3.



Figure S12. Electrochemical in situ FT-IR spectra of γ-Cu2(OH)3Cl collected during 
eNO3

−RR from 0 to 50 min in Ar-saturated 0.5 M Na2SO4 with 0.1 M KNO3



Table S1. Mass ratio of Co and Cu in CCOC detected by ICP 

Wt%

Co 45.27

Cu 26.17



Table S2. Performance comparison of CCOC with previously reported electrocatalysts 

for NO3
− RR.

Catalysts Electrolyte NH
3
 yield

FE 
(%)

Referenc
e

CCOC
0.5 M Na2SO4 + 
100 mM KNO3

7.9 mg h-1 cm-2 96 This work

CCOC
0.5 M Na2SO4 + 
100 mM KNO3

10.7 mg h-1 cm-2 88 This work

CuCoSP
1 M KOH + 

100 mM KNO3
19.9 mg h-1 cm-2 93 [1]

 CuCo/NC 
0.2 M Na2SO4 + 
200 mM NaNO3

9.1 mg h-1 mgcat
-

1
95 [2]

Cu
1
Co

1
HHTP 

0.5 M Na
2
SO

4
 + 

100 mM NaNO3
5.1 mg h-1 cm-2 96 [3]

CuCoAl LDH
0.5 M PB+

50 mM KNO3
3.2 mg h-1 cm-2 100 [4]

CuCo
2
O

4
/CFs

1 M KOH + 
100 mM KNO3

2.7 mg h-1 cm- 2 82 [5]

Cu-Co
3
O

4
/CC

0.1 M Na
2
SO

4
 + 

35.7 mM KNO3

6.2 mg h
-1

 mgcat
-

1
87 [6]

CoO/Cu foam
0.4 M Na2SO4 + 
40 mM NaNO3

4.3 mg h
-1

 cm
-2

97 [6]

Co
3
O

4
-

Cu
2+1

O/CF
0.5 M K2SO4 + 
10 mM KNO3

4.4 mg h-1 cm-2 96 [7]

Cu
1
-Fe

0.1 M K2SO4 + 
35.7 mM KNO3

~1.9 mg h-1 cm-2 ~90 [8]

PdCu SAA
0.5 M Na2SO4 + 
9.7 mM NaNO3

2.6 mg h-1 cm-2 97.1 [9]

Mn-Cu NS
0.5 M K2SO4 + 
10 mM KNO3

4.3 mg h-1 cm-2 95.8 [10]
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