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Figure S1. Calibration curves of NH4
+ in 0.9 M KHCO3 and 0.1 M KNO2, and 

corresponding UV-vis absorption curves.



Figure S2. Calibration curves of urea determined by the diacetyl monoxime method 
in 0.9 M KHCO3 and 0.1 M KNO2 electrolyte, and corresponding UV-vis absorption 

spectra.



Figure S3. SEM images of a) TiO2 b) GB-TiO2



Figure S4. TEM images of a) TiO2 b) GB-TiO2



Figure S5. Elemental mapping images of GB-TiO2



Figure S6. The XRD pattern of TiO2 and GB-TiO2.



Figure S7. Fe 2p XPS spectra of GB-TiO2.



Figure S8. XPS survey spectrum of GB-TiO2 with the enlarged region of the F 1s 
signal, indicating the absence of fluorine residues after synthesis.



Figure S9. (a, b) LSV curves of TiO2 and GB-TiO2 under Ar, CO2, NO2
− in Ar 

and NO2
− in CO2. (c) LSV curves of GB-TiO2 after poisoning.



Figure S10. I-t curves for electrocatalytic urea synthesis at various applied 
potential on GB-TiO2.



Figure S11. The UV-vis spectra before and after the addition of urease at 
different potentials of GB-TiO2. (The dotted line and solid line represent before and 

after urease decomposition respectively.)



Figure S12. Chronoamperometric curves of GB-TiO2 at – 0.9 V versus RHE for 
continuous co-electrocatalytic measurements



Figure S13. Comparison of urea yield rates and corresponding Faradaic efficiencies 
for GB-TiO2 and its carbon additives at – 1.0V (versus RHE).



Figure S14. Contrast experiments for electrolysis of GB-TiO2 at – 1.0 V versus RHE 
with different types of feedstocks.



Figure S15. Comparison of urea formation rate and corresponding Faradaic 
efficiency over GB-TiO2 before and after acid treatment to remove possible surface 

residues.



Figure S16. SEM images of TiO2 after electrochemical stability tests.



Figure S17. SEM images of GB-TiO2 after electrochemical stability tests.



Figure S18. HRTEM images of GB-TiO2 (a) before electrolysis and (b) after the 24 h 
stability test.



Figure S19. XRD patterns of GB-TiO2 after electrochemical stability tests.



Figure S20. Fe 2p XPS spectra of GB-TiO2 after electrochemical stability tests.



Figure S21. Ti 2p XPS spectra of GB-TiO2 after electrochemical stability tests.



Figure S22. Adsorption-desorption curve of TiO2 and GB-TiO2.



Figure S23. Nitrogen adsorption-desorption isotherms of TiO2 and GB-TiO2 
obtained by the BET method.



Figure S24. The measurements of double-layer capacitance of (a) GB-TiO2, (b) 
GB-TiO2-KSCN and (c) TiO2.



Figure S25. The urea production rate normalized by the electrochemical surface area 
(ECSA) before and after SCN– poisoning.



Figure S26. FTIR spectrum of standard urea, showing characteristic absorption bands 
in regions associated with N−H stretching (~3450 cm−1), C=O stretching (1670 cm−1), 

NH2 bending (1460 cm−1), and N−C−N stretching (1150 cm−1).



Figure S27. 1H NMR spectra and corresponding calibration curves of 15N-labeled 
urea and 14N-urea in 0.9 M KHCO3 + 0.1 M KNO2 electrolyte: (a) 1H NMR spectra of 

CO(15NH2)2 at different concentrations; (b) calibration curve derived from the 
integrated peak area of CO(15NH2)2; (c) 1H NMR spectra of CO(14NH2)2 at different 

concentrations; (d) calibration curve derived from the integrated peak area of 
CO(14NH2)2.



Figure S28. 1H NMR spectra for electrolytes after co-electrolysis of CO2 with NO2
−.



Figure S29. 1H NMR spectra of urea detected in the electrolyte after electrolysis 
using 15NO2

− and 14NO2
− as nitrogen sources, showing the characteristic signals of 

CO(15NH2)2 (5.75 and 5.60 ppm) and CO(14NH2)2 (5.68 ppm).



Figure S30. Ammonia yield rates and Faradaic efficiencies during nitrate reduction 
reaction and co-electrolysis at different applied potentials.



Table 1 Performance comparison of electrocatalytic C−N coupling for urea synthesis 
N-

source
Electrocatalyst Electrolyte Urea yield

(mmol h−1 g−1)
FE(%) Ref.

NO2
− GB-TiO2 0.9 M KHCO3 + 0.1 

M KNO2

317.3 19.6 This 
work

B-FeNi-DASC 0.1 M KHCO3 + 0.05 
M KNO3

20.2 17.8 [1]

F-CNT-300 0.1 M KNO3 6.36 18 [2]

Vo-CeO2-750 0.1 M KHCO3 + 
0.05M KNO3

15.71 N/A [3]

In(OH)3-S 0.1 M KNO3 8.8 53.4 [4]

Cu-CeO2 0.1 M KHCO3 + 0.05 
M KNO3

52.84 5.29 [5]

Cu97In3-C 0.1 M KHCO3 + 0.01 
M KNO3

13.1 N/A [6]

m-Cu2O 0.1 M KHCO3 + 0.01 
M KNO3

29.2 9.43 [7]

Fe@C-
Fe3O4/CNTS

0.1 M KNO3 22.355 16.5 [8]

Mo-PCN-
222(Co)

0.1 M KHCO3 + 0.05 
M KNO3

14.07 33.9 [9]

RuCu 0.1 M KNO3 26.81 34.82 [10]

TiO2 0.9 M KHCO3 + 0.1 
M KNO3

265.6 26.4 [11]

CuPc-Amino 0.1 M KHCO3 + 0.05 
M KNO3

103.1 N/A [12]

45nm-Cu2O 0.1 M KHCO3 + 0.05 
M NaNO3

34.6 N/A [13]

CuSn/CS-1 0.1 M KNO3 154.50 61.42 [14]

Cu/PI-500 0.9 M KHCO3 + 0.1 
M KNO3

255.0 14.3 [15]

In-CeO2/CP 
(0.05In-CeO2)

0.1 M KNO3 11.03 60.53 [16]

NO3
−

Ag 
NWs@CuNi(O
H)2

0.1 M KHCO3 + 0.1 
M KNO3

36.1 36.2 [17]



Continued Table1 Performance comparison of electrocatalytic C−N coupling for urea 
synthesis

N-
source

Electrocatalyst Electrolyte Urea yield
(mmol h−1 g−1)

FE(%) Ref.

Cu-TiO2 0.2 M KHCO3 + 0.02 
M KNO2

20.8 43.1 [18]

m-Cu2O 0.1 M KHCO3 + 0.1 
M KNO2

114 11.3 [7]

Te-doped Pd 0.1 M KHCO3 + 0.01 
M KNO2

N/A 12.2 [19]

AuCu SANF 0.5 M KHCO3 + 0.01 
M KNO2

64.82 24.7 [20]

W1/MoS2 0.1 M KHCO3 + 0.1 
M KNO2

14.99 35.25 [21]

Cu@Fe-N-C 0.1 M KHCO3 + 100 
ppm N-NO2

−
14.16 50.05 [22]

Cu NWs 0.02 M NaNO2 15.3 96.3 [23]

NO2
−

Ru1@Cu3N 0.1 M KHCO3 + 0.1 
M KNO2

39.88 52.66 [24]

Pd/Cu/TiO2-x 0.1 M KHCO3 3.36 8.92 [25]

InOOH 0.1 M KHCO3 6.85 20.97 [26]

CuPc NTs 0.1 M KHCO3 2.38 12.99 [27]

Co-PMDA-
2mbIM

0.1 M KHCO3 14.47 48.79 [28]

MoP 0.1 M KHCO3 0.21 36.5 [29]

N2

Ni(BO3)2-150 0.1 M KHCO3 9.7 20.36 [30]

Note: All literature-reported urea formation rates were converted to a unified unit of 
mmol h−1 g−1 based on the original data in the corresponding references to ensure a 
fair comparison.
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