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Table S1 Comparison of UOR performance of optimal samples in this work with relevant 
literature.

Catalysts

Potential @

10 mA cm–2

(V vs. RHE)

Tafel slope

(mV dec-1 )

Electrolyte References

Ni/NiO/NiB@NC-500 1.38 48.73 1 M KOH + 0.33 M Urea This work

Co3O4
 [1] 1.62 47 1 M KOH + 0.3 M Urea 2021

Cu3P@CuOx [2] 1.37 29 1 M KOH + 0.33 M Urea 2023

FeCo2O4@Co3O4 [3] 1.387 67 1 M KOH + 0.3 M Urea 2023

CuO-Ni(OH)2 [4] 1.41 – 1 M KOH + 0.33 M Urea 2021

NiMo@ZnO/NF [5] 1.405 60.2 1 M KOH + 0.33 M Urea 2020

Co3O4/Ti3C2 [6] 1.40 105 1 M KOH + 0.5 M Urea 2022

NC-FNCP [7] 1.37 51.2 1 M KOH + 0.5 M Urea 2022

H-NiFe-LDH/NF [8] 1.418 41.7 1 M KOH + 0.33 M Urea 2022

NiMoSe [9] 1.39 43.3 0.1 M KOH + 0.33 M Urea 2021

Fe3O4–NiO/NF [10] 1.44 32.5 1 M KOH + 0.33 M Urea 2020
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Fig. S1 (a) TGA and (Inset of Fig. S1a) DTG curves of the precursor. (b) FT-IR spectra of PVP 
and precursor, (c) PVP, Ni/NiO/NiB-500 and Ni/NiO/NiB@NC-500 and (d) PVP, Ni/NiO@NC-
500, and Ni/NiO/NiB@NC-500.

Fig. S2 XRD pattern of the precursor.



Fig. S3 (a) CV curves at a 50 mV∙s-1 scanning rate with urea (0.33 M) and varying KOH 
concentrations. (b) Curve of cathode peak current density vs KOH concentration. (c) CV curves at 
a 50 mV∙s-1 scanning rate with KOH (1.0 M) and varying urea concentrations.

Fig. S4 (a) LSV curves of samples prepared at different boric acid concentrations in 1 M KOH + 
0.33 M urea electrolyte. (b) LSV curves of samples prepared in different hydrothermal reaction 
temperatures in 1 M KOH + 0.33 M urea electrolyte. (c) LSV curves of samples prepared in 
different calcination temperatures in 1 M KOH + 0.33 M urea electrolyte.

Fig. S5 (a) N2 adsorption and desorption isothermal curves and (b) pore-size distribution curve of 
Ni/NiO/NiB@NC-500.



Fig. S6 EDS spectra of Ni/NiO/NiB@NC-500.

Element Ling type Percent (wt%) Atomic percent

C K series 13.30 18.32

O K series 40.52 41.90

Ni K series 23.91 6.74

N K series 2.91 3.43

B K series 19.36 29.62

Gross amount 100

(a) (b)

Ni/NiO/NiB-500 Ni/NiO/NiB@NC-500

Fig. S7 Contact angle measurements of (a) Ni/NiO/NiB-500 and (b) Ni/NiO/NiB@NC-500.



Fig. S8 (a) CV curve area comparison of different samples. 

Fig. S9 (a) Long-term UOR test of bare carbon cloth at 1.6 V vs RHE in 1 M KOH with 0.33 M 
urea. (b) TOF values of precursor, Ni/NiO@NC-500 and Ni/NiO/NiB-500 and Ni/NiO/NiB@NC-
500 at 1.5 V.

Fig. S10 CV curves of (a) precursor, (b) Ni/NiO@NC-500, (c) Ni/NiO/NiB-500 and (d) 
Ni/NiO/NiB@NC-500. (e) Cdl and (f) ECSA of different samples.



Fig. S11 UOR LSV curves normalized by ECSA.

Fig. S12 Potentials required for UOR at 10 mA cm−2 and Tafel slopes of different samples.

Fig. S13 XRD patterns of Ni/NiO/NiB@NC-500 samples (a) before and (b) after 12 h continuous 
CA tests.



Fig. S14. SEM images of Ni/NiO/NiB@NC-500 (a) before and (b) after 12 h continuous CA tests.
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