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Supplementary data

Fig. S1: (a) N2 adsorption-desorption isotherms and (b) the corresponding distributions of 

pore diameters of ZIF-8, ZIF@rGO, ZNC@rGO, and Ni(OH)2/ZNC@rGO obtained from the 

desorption branch using the Barrett–Joyner–Halenda (BJH) method. 

Fig. S2: XPS of GO, (a) Total survey and high-resolution spectra of (b) C1s and (c) O1s.

Fig. S3: (a) High magnification SEM image and (b) SEM of elemental mapping region of 

Ni(OH)2/ZNC@rGO, and (c) EDX mapping of Ni(OH)2/ZNC@rGO, (d) C, (e) O, (f) N, (g) 

Zn, and (h) Ni.

Fig. S4: EDX analysis of Ni(OH)2/ZNC@rGO.

Fig. S5: CV curves of (a) ZIF-8, ZIF-8@rGO, and ZNC@rGO and (b) Ni/ZNC@rGO, α-

Ni(OH)2, and Ni(OH)2/ZNC@rGO recorded at 50 mV s-1 in 1M KOH.

 Fig. S6: CV curves recorded in 1M KOH in the potential range of 0- 0.1 V at different scan 

rates for (a) ZIF-8, (b) ZIF-8@rGO, (c) ZNC@rGO, (d) Ni/ ZNC@rGO, (e) αNi(OH)2, 
and (f) Ni(OH)2/ ZNC@rGO.

Fig. S7: CV curves of (a) ZIF-8, (b) ZIF-8@rGO, (c) ZNC@rGO, (d) Ni/ ZNC@rGO, (e) α-

Ni(OH)2 and (f) Ni(OH)2/ ZNC@rGO in the absence and presence of 1M ethanol at a scan 

rate of 50 mV s-1.

Fig. S8: CV curve of the as-prepared catalysts in 1M KOH + 1M Ethanol at a scan rate of 50 

mV s-1.

Fig. S9: CV curves recorded in 1M KOH in the potential range of -0.2- 0.6 V at different scan 

rates for (a) ZIF-8@rGO, (b) ZNC@rGO, (c) Ni/ ZNC@rGO, (d) α-Ni(OH)2, and (e) 

Ni(OH)2/ ZNC@rGO catalysts.

Fig. S10: Linear relationship of anodic (Ipa) and cathodic current (Ipc) densities of (a) ZIF-

8@rGO, (b) ZNC@rGO, (c) Ni/ZNC@rGO, and (d) α-Ni(OH)2 versus the square root of scan 

rates.
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Fig. S11: Linear relationship of anodic (Ipa) and cathodic current (Ipc) densities of (a) ZIF-

8@rGO, (b) ZNC@rGO, (c) Ni/ZNC@rGO, and (d) α-Ni(OH)2 versus the scan rates.

Fig. S12: CV of (a) ZIF-8@rGO, (b) ZNC@rGO, Ni/ ZNC@rGO, (d) α-Ni(OH)2 and (e) 

Ni(OH)2/ ZNC@rGO catalysts in 1M KOH with different concentrations of ethanol (0.1- 2.0 

M).

Fig. S13: CV of Ni(OH)2/ ZNC@rGO in (a) 1M of alkaline and acidic electrolyte and (b)  1M 

of EtOH+ 1M of alkaline or acidic medium.

Fig. S14: CV of (a) ZIF-8@rGO, (b) ZNC@rGO, (c) Ni/ ZNC@rGO, (d) α-Ni(OH)2 and (e) 

Ni(OH)2/ ZNC@rGO catalysts in 1M EtOH with different concentrations of KOH electrolyte  

(0.1- 2.0 M) and (f) effect of concentration of the KOH electrolyte in electrocatalytic ethanol 

oxidation.

Fig. S15: CVs curves for 900 cycles from -0.2- 0.6 V at a scan rate of 10 mV s-1 in 1M KOH+ 

1M EtOH using Ni/ ZNC@rGO.
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Fig. S1: (a) N2 adsorption-desorption isotherms and (b) the corresponding distributions of 

pore diameters of ZIF-8, ZIF@rGO, ZNC@rGO, and Ni(OH)2/ZNC@rGO obtained from the 

desorption branch using the Barrett–Joyner–Halenda (BJH) method. 

Fig. S2: XPS of GO, (a) Total survey and high-resolution spectra of (b) C1s and (c) O1s.
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Fig. S3: (a) High magnification SEM image and (b) SEM of elemental mapping region of 

Ni(OH)2/ZNC@rGO, and (c) EDX mapping of Ni(OH)2/ZNC@rGO, (d) C, (e) O, (f) N, (g) 

Zn, and (h) Ni.
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Fig. S4: EDX analysis of Ni(OH)2/ZNC@rGO catalyst.

Fig. S5: CV curves of (a) ZIF-8, ZIF-8@rGO, and ZNC@rGO and (b) Ni/ZNC@rGO, α-

Ni(OH)2, and Ni(OH)2/ZNC@rGO recorded at 50 mV s-1 in 1M KOH.
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Fig. S6: CV curves recorded in 1M KOH in the potential range of 0- 0.1 V at different scan 

rates for (a) ZIF-8, (b) ZIF-8@rGO, (c) ZNC@rGO, (d) Ni/ ZNC@rGO, (e) αNi(OH)2, 
and (f) Ni(OH)2/ ZNC@rGO.
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Fig. S7: CV curves of (a) ZIF-8, (b) ZIF-8@rGO, (c) ZNC@rGO, (d) Ni/ ZNC@rGO, (e) α-

Ni(OH)2 and (f) Ni(OH)2/ ZNC@rGO in the absence and presence of 1M ethanol at a scan 

rate of 50 mV s-1.
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Fig. S8: CV curve of the as-prepared catalysts in 1M KOH + 1M Ethanol at a scan rate of 50 

mV s-1.
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Table 1: Comparison of the prepared catalyst for EOR efficiency with some modified 
electrodes vs Ag/AgCl.

Working electrode CEtOH (M)   Eonset (V)    Epa (V)     Ipa (mA/cm2)          Ref.

NiCo/ErN-GO/CCE 0.1 0.38 0.81 64.23 1

Ni(II)(Phen)2/rGO-

modified PGE

1.0 0.4 0.53 0.81

NiPPy/GCE 0.9 --- 0.55 8.50 2

Ni/p(NMA)/MCPE 0.4 0.46 0.66 1.80 3

CPE@[Ni(cis-salcn)] 0.5 0.42 0.55 2.60 4

CM-ZnO 2.0 0.40 0.58 35.0 5

Cu2O/PPy/CPE 0.2 0.58 0.80 2.25 6

4-trifluoromethylphenyl

( TFMP)-Pt/C

1.0 -0.489 ----- 776 7

NiO@PPC-600 1.0 1.1

(vs RHE)

1.4

(vs RHE)

231.8 8

Ni,Fe2O3/Cu

Cu/Ni,Fe2O3

1.0 0.31

0.31

0.476

0.510

0.492

0.644

9

Microbead-encapsulated ZnO 
particles derived from coffee 

waste

2.0 0.4 0.5 35 5

Ag/Ag2O 1.5 0.43 0.5 69 10

Ni(OH)2/ ZNC@rGO 1.0 0.34 0.51 8.30 This work
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Fig. S9: CV curves recorded in 1M KOH in the potential range of -0.2- 0.6 V at different scan 
rates for (a) ZIF-8@rGO, (b) ZNC@rGO, (c) Ni/ ZNC@rGO, (d) α-Ni(OH)2, and (e) 
Ni(OH)2/ ZNC@rGO catalysts.
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Fig. S10: Linear relationship of anodic (Ipa) and cathodic current (Ipc) densities of (a) ZIF-

8@rGO, (b) ZNC@rGO, (c) Ni/ZNC@rGO, and (d) α-Ni(OH)2 versus the square root of scan 

rates.
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Fig. S11: Linear relationship of anodic (Ipa) and cathodic current (Ipc) densities of (a) 

ZIF-8@rGO, (b) ZNC@rGO, (c) Ni/ZNC@rGO, and (d) α-Ni(OH)2 versus the scan 

rates.
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Fig. S12: CV of (a) ZIF-8@rGO, (b) ZNC@rGO, Ni/ ZNC@rGO, (d) α-Ni(OH)2 and 

(e) Ni(OH)2/ ZNC@rGO catalysts in 1M KOH with different concentrations of 

ethanol (0.1- 2.0 M).
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Fig. S13: CV of Ni(OH)2/ ZNC@rGO in (a) 1M of alkaline and acidic electrolyte and (b)  1M 

of EtOH+ 1M of alkaline or acidic medium.
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Fig. S14: CV of (a) ZIF-8@rGO, (b) ZNC@rGO, (c) Ni/ ZNC@rGO, (d) α-Ni(OH)2 and (e) 

Ni(OH)2/ ZNC@rGO catalysts in 1M EtOH with different concentrations of KOH electrolyte  

(0.1- 1.0 M) and (f) effect of concentration of the KOH electrolyte in electrocatalytic ethanol 

oxidation. 
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Fig. S15: CVs curves for 900 cycles from -0.2- 0.6 V at a scan rate of 10 mV s-1 in 1M KOH+ 

1M EtOH using Ni/ ZNC@rGO.
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