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Figure S1. Photo images of (a) nickel foam immersed in an ethylene glycol-water (80:20 vol%) 

mixture solution containing 20 mole mL1 of FeCl3.6H2O and 1 mgL1 rGO at 25C. Arrow 

shows the deposited film.
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Figure S2. XPS survey spectra of the (Ni,Fe)-OH/NF and (Ni,Fe)-OH@rGO/NF electrodes.
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Figure S3. Cyclic voltammogram (CV) of the (Ni,Fe)-OH/NF electrode in the 1.0 M KOH 

electrolyte at a scan speed of 5 mVs1. The inset image shows the enlarged CV view around the 

redox peak.
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Figure S4. Tafel slopes extracted from the corresponding LSV polarization curves for (a) OER 

and (b) HER.



S6

Figure S5.  Cyclic voltammograms exhibited by the (a) (Ni,Fe)-OH/NF and (b) (Ni,Fe)-

OH@rGO/NF electrodes at various scan rates in 1.0 M KOH solution. j vs scan rate linear plots 

providing the double layer capacitance (Cdl) of the electrodes by the slope of the plots. (d) ECSA 

of the electrodes determined by the relation Cdl/Cs, where Cs is the specific capacitance of the 

electrodes in 1.M KOH solution and is generally taken as 0.04 mFcm-2.
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Figure S6. Nyquist spectra measured at 1.48 V (vs. RHE) in 1.0 M KOH solution.

Figure S7. ESCA specific LSV polarization curves of the (Ni,Fe)-OH/NF and (Ni,Fe)-

OH@rGO/NF electrodes in 1.0 M KOH solution.
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Figure S8. Cyclic voltammogram (CV) of the (Ni,Fe)-OH@rGO/NF electrode before and after 

the long-term stability test for 48 h (24 h at 250 mAcm2 and 24 h at 500 mAcm2). A scan speed 

of 5 mVs1 was employed.
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Figure S9. XRD patterns of the (Ni,Fe)-OH@rGO/NF electrode before and after the long-term 

stability test for 48 h (24 h at 250 mAcm2 and 24 h at 500 mAcm2). The broad (*) peak is from 

the film, while other peaks are from the nickel foam (NF) substrate.
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Figure S10. Raman spectra of the (Ni,Fe)-OH@rGO/NF electrode before and after the long-term 

stability test for 48 h (24 h at 250 mAcm2 and 24 h at 500 mAcm2). 
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Figure S11. SEM images of the (Ni,Fe)-OH@rGO/NF electrode (a) before and (b) after the long-

term stability test for 48 h (24 h at 250 mAcm2 and 24 h at 500 mAcm2). (c) and (d) show the 

EDS elemental spectra and atomic percentages of the main constituting elements. 



S12

Figure S12. ECSA specific LSV polarization curves of the (Ni,Fe)-OH@rGO/NF electrode in 1.0 

M KOH and 0.33 M urea-supplemented 1.0 M KOH aqueous electrolytes. 
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Figure S13. Cathodic polarization curves of the (Ni,Fe)-OH@rGO/NF electrode in 1.0 M KOH 

and 0.33 M urea-supplemented 1.0 M KOH electrolytes, revealing that the replacement of                   

OER by UOR does not influence the HER activity of the electrode.
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Figure S14. Tafel plots for UOR and OER plotted in the full potential ranges of the corresponding 

LSV polarization curves shown in ‘Figure 9a’.
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Figure S15. Anodic polarization curves of the (Ni,Fe)-OH@rGO/NF electrode in the  0.33 M 

urea-supplemented 1.0 M KOH electrolyte before and after the long-term stability test for 24 h at 

10 mAcm2.
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Figure S16. Chronopotentiometric stability test showing the long-term electrochemical durability 

of the (Ni,Fe)-OH@rGO/NF electrode against the HER in urea-free and 0.33 M urea-

supplemented 1.0 M KOH electrolytes at -10 mAcm2.
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Table S1. Comparison of OER performance for (Ni,Fe)-OH@rGO/NF and (Ni,Fe)-OH/NF with 

those of state-of-the art electrocatalysts under alkaline conditions.

Electrode materials Electrolyte j
(mAcm-2)

Overpotential
(mV)

Tafel slope
(mVdec-1)

Ref

1 (Ni,Fe)-OH@rGO/NF 

(Ni,Fe)-OH/NF 

IrO2/NF

1 M KOH 10
50
100
250
500

10
50
100
250

10
50
100
250

230
250
270
300
320

260
290
310
340

260
310
340
400

50.9

71.7

78.9

This 
work

3 NFN-MOF/NF 10
250

240
335

58.8 1

4 NiFe/NiCo2O4/NF 10 240 38.8 2

5 MFN-MOFs(2:1)/NF 50 235 55.4  3

6 Ni-QDs@NC@rGO 10 265 65.0 4
7 Fe-O-Ni(OH)2/NF 10

100
185
220

5

8 NiFeOx/NF 100 260 28.0 6
9 Ni-Fe NP/CFP 10

20
100

210
230
270

- 7

10 NiFe-LDH/Mxene/NF 10 229 44.0 8

11 Hier-NiFe@sCNTs 30
100

210
271

65.7 9
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Table S2. Comparison of UOR performance for (Ni,Fe)-OH@rGO/NF with those of reported

 high-performance electrocatalysts. 

Electrode materials Electrolyte 
j

(mAcm-2)
Cell potential 
(V) vs RHE

Overpotential
(V) Ref.

1
(Ni,Fe)-

OH@rGO/NF 1 M KOH 
+ 0.33 urea

100
500
1000
1600

1.35
1.43
1.49
1.53

0.98
1.06
1.12
1.16

This 
work

NC-PB@CNT 1 M KOH 
+ 0.33 urea

100 1.41 1.04 10

2 NiS@Ni2S/NiMoO4
1 M KOH 
+ 0.5 urea

100
450

1.46
1.78

1.09
1.41 11

NiIr-MOF/NF 1 M KOH 
+ 0.5 urea

100
300

1.349
1.350

  0.979
  0.980 12

3 NiFeRh-LDH 1 M KOH 
+ 0.33 urea

100
500

1.37
1.44

1.00
1.07 13

NFHC 1 M KOH 
+ 0.5 urea

100 1.40 1.03 14

4 NiMoO-Ar/NF 1 M KOH 
+ 0.5 urea

100
300

1.42
1.52

1.05
1.15 15

6 V0-rich-CoMoO4/NF 1 M KOH 
+ 0.5 urea

100 1.51 1.14 16

8 CoS2-MoS2/NF 1 M KOH 
+ 0.5 urea

100
350

1.33
1.36

0.96
0.99 17
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