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Figure S1. A sample CV curve obtained in 0.5 M KOH at a scan rate of 10 mV s-1 to calculate 

the ECSA of the catalyst layers.  

 

The ECSA of the catalysts can be obtained by using the following formula [1]: ECSA = Q/0.257*m 

where Q (mC) is the charge consumed during the formation of a monolayer of Ni(OH)2 that can 

be obtained from the integration of the area under the reduction peak, a charge of 0.257 mC cm-2 

is required to reduce a monolayer of NiOOH to Ni(OH)2 and m (mg) is the loading amount of the 

catalyst. 

[1] N. Kakati, J. Maiti, K.S. Lee, B. Viswanathan, Y.S. Yoon, Hollow Sodium Nickel Fluoride 

Nanocubes Deposited MWCNT as An Efficient Electrocatalyst for Urea Oxidation, Electrochim. 

Acta. 240 (2017) 175–185. https://doi.org/10.1016/j.electacta.2017.04.055. 
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Figure S2. (a-c) LSV curves of CLs at different I/C ratio with different catalyst loading on the GCE 

obtained using 0.33 M urea in 0.5 M KOH at a scan rate of 10 mV s-1 . 

 

 

Figure S3. Electrochemical impedance spectra of the CLs at different I/C ratio with different 

catalyst loading on the GCE obtained using 0.33 M urea in 0.5 M KOH. 
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EIS Simulation 

 

 

Rs is a sign of the uncompensated solution resistance, Rct is a charge transfer resistance generated 

from urea oxidation, Ro is related to the contact resistance between the catalyst material and the 

glassy carbon electrode and the constant phase element (CPE) for the double layer capacitance. 

 

Table S1 Fitted results for electrochemical impedance spectroscopy measurement for Ni/C 

catalyst at I/C = 1/8 in 0.5 M KOH electrolyte with 0.33 M Urea. 
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Table S2 Fitted results for electrochemical impedance spectroscopy measurement for Ni/C 

catalyst at I/C = 1 in 0.5 M KOH electrolyte with 0.33 M Urea. 

 

 

 

Table S3 Fitted results for electrochemical impedance spectroscopy measurement for Ni/C 

catalyst at I/C = 3 in 0.5 M KOH electrolyte with 0.33 M Urea. 
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Table S4 Fitted results for electrochemical impedance spectroscopy measurement for Ni/C 

catalyst at I/C = 1 in 1.0 M KOH electrolyte with 0.33 M Urea. 

 

 

Table S5 Fitted results for electrochemical impedance spectroscopy measurement for Ni/C 

catalyst at I/C = 1 in 3.0 M KOH electrolyte with 0.33 M Urea. 
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Table S6 Fitted results for electrochemical impedance spectroscopy measurement for Ni/C 

catalyst at I/C = 1 in 3.0 M KOH electrolyte with 0.1 M Urea. 

 

 

Table S7 Fitted results for electrochemical impedance spectroscopy measurement for Ni/C 

catalyst at I/C = 1 in 3.0 M KOH electrolyte with 1.0 M Urea. 
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Figure S4. LSV curves of CLs at I/C=1 with different catalyst loading on the GCE obtained 

using 0.33 M urea in (a) 0.5 M (b) 1 M and (c) 3 M KOH at a scan rate of 10 mV s
-1

. 

 

 

 

Figure S5. Electrochemical impedance spectra of the catalyst layers at I/C=1 ratio with different 

catalyst loading on the GCE obtained using 0.33 M urea in (a, d) 0.5 M  (b, e) 1 M  and (c, f) 3 

M KOH. 
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Figure S6. (a-c) Current density measured using step voltage method for the CLs at I/C=1 with 

different loading and (d) Measured Current Efficiency of the catalyst layers in 0.33 M urea in 3 

M KOH. 

 

 

 

Figure S7. LSV curves of CLs at I/C =1 with different catalyst loading on the GCE obtained in 

(a) 0.1 M (b) 0.33 M and (c) 1 M urea in 3 M KOH at a scan rate of 10 mV s
-1

. 
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Figure S8. Electrochemical impedance spectra of the catalyst layers at I/C=1 ratio with different 

catalyst loading on the GCE obtained in (a, d) 0.1 M (b, e) 0.33 M and (c, f) 1 M urea in 3 M 

KOH. 

 

Table S8: Potential (V vs RHE) at 10 mA mg-1 and 200 mA mg-1 for different catalyst layer 

compositions in urea in KOH solution. 

 

  

Loading 

(mg cm-2) 

0.5 M KOH + 0.33 M Urea 
1 M KOH + 

0.33 M Urea 

3 M KOH + 

0.33 M Urea 

3 M KOH + 

0.1 M Urea 

3 M KOH + 1 

M Urea 

V vs RHE @ 10 mA mg-1 
V vs RHE @ 

10 mA mg-1 

V vs RHE @ 

10 mA mg-1 

V vs RHE @ 

10 mA mg-1 

V vs RHE @ 

10 mA mg-1 

I/C=1/8 I/C=1 I/C=3 I/C=1 I/C=1 I/C=1 I/C=1 

0.05 1.362 1.358 1.356 1.350 1.332 1.332 1.334 

0.1 1.357 1.359 1.353 1.351 1.330 1.327 1.330 

0.2 1.358 1.360 1.358 1.351 1.331 1.324 1.333 

Loading 

(mg cm-2) 

V vs RHE @ 200 mA mg-1 
V vs RHE @ 

200 mA mg-1 

V vs RHE @ 

200 mA mg-1 

V vs RHE @ 

200 mA mg-1 

V vs RHE @ 

200 mA mg-1 

I/C=1/8 I/C=1 I/C=3 I/C=1 I/C=1 I/C=1 I/C=1 

0.05 1.406 1.399 1.399 1.384 1.362 1.372 1.364 

0.1 1.387 1.406 1.404 1.384 1.361 1.366 1.361 

0.2 - 1.415 1.412 1.386 1.366 1.373 1.368 
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Figure S9. RRDE results showing the (a-c) disk current and the corresponding (d-f) ring current 

with different I/C ratios and catalyst loadings in 0.33 M urea and 0.5 M KOH. 
 

 

 

Fig. S10. RRDE results of the disk current and the corresponding ring current of (a) Ni on 

Vulcan XC 72 in 0.5 M KOH solution and (b) Vulcan XC 72 in 0.33 M urea in 0.5 M KOH at a 

scan rate of 20 mV s-1 and ring potential of -0.094 V.  
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RRDE study: Derivation of OH- activity change using Butler-Volmer kinetic equation. 
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