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Turnover frequency for an electrocatalytic water splitting reactions can be evaluated by different 

means, in our case we have chosen the method of using OER current at specific over

voltage and the surface concentration of catalyst atoms at the modified Nickel foam working 

electrode which was calculated from the amount of the catalyst we added to modify the working 

electrode. The corresponding expression as:

TOF = i×NA / A × F × n × ᴦ

Where, i = current NA= Avogadro number A = Geometrical surface area of the electrode

F = Faraday constant n = Number of electrons ᴦ = Surface concentration. We have taken the 

OER current observed at 1.50 V (vs. RHE) and calculated the TOF to be 0.07 s-1, 0.78 s-1, 11.7 s-

for β-Co(OH)2/NF, α-Co(OH)2/NF, and α-CoNiOOH/NF, respectively shown in Figure S7.

 Furthermore, electrical double layer capacitance (EDLC) was used to evaluate the capacitive 

behavior of the synthesized electrocatalysts for practical applications. Furthermore, Figure S8 a, c 

& e illustrates the cyclic voltammograms for α-CoNiOOH/NF, α-Co(OH)2/NF, and β-

Co(OH)2/NF, respectively at various scan rates from (100-500 mVs-1) in the non-faradaic region 

between 0.9-1.0 V (vs RHE). A rectangular behavior was observed for all the synthesized catalysts, 

which confirms the existence of a double layer. Furthermore, a linear increase in both the anodic 

(ia) and cathodic (ic) current densities was observed with increase in scan rate. The capacitance of 

α-CoNiOOH/NF is 7.76 mFcm-2 which is higher than the capacitance for α-Co(OH)2/NF i.e. 5.72 

mFcm-2, which is analogous with the other results. 
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Figure S1. Representative EDX spectrum of β-Co(OH)2.
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Figure S2. Representative EDX spectrum of α- Co(OH)2.
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Figure S3. Representative EDX spectrum of α-CoNiOOH.
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Figure S4. XPS analysis of β- Co(OH)2. (a) Co. (b) O. (c) Complete XPS.
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Figure S5. XPS analysis of α-Co(OH)2. (a) Co. (b) Cl. (c) O. (d) Complete XPS.
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Figure S6. Complete XPS spectrum of α-CoNiOOH
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Figure S7. Conversion of Co(II)-Co(III) during electrocatalysis.
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Figure S8. Linear sweep voltammograms of α-CoNiOOH in pure and impure electrolyte for 
OER activity.
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Figure S9. Linear Sweep Voltammograms normalized to ECSA.
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Figure S10. The PXRD and TEM after stability for 24 h. 
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Figure S11. Turnover Frequency of the Electrocatalysts.
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Figure S12. Cyclic voltammograms of electrodes at the scan rate of 100, 200, 300, 400 and 

500 mV s−1 in 1 M KOH. (a) α-Co2NiOOH/NF. (c) β-CoOOH/NF. (e) α-CoOOH/NF.  (b, d & f) 

Linear fitted curve of corresponding capacitive currents at 0.94 V (vs. RHE).

Table S1. BET surface area and pore volume of α-Co(OH)2, β-Co(OH)2, and α-CoNiOOH

Material BET 
Surface 

Area m2/g

Langmuir 
Surface Area 

m2/g

BJH Pore 
Volume (cm3/g)

BET Pore Size 
(Å)

β-Co(OH)2 40.62 272.90 0.16 88.33

α-Co(OH)2 87.78 292.01 0.28 56.78

α-CoNiOOH 134.29 772.39 0.30 43.40
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Table S2. A comparison of OER catalysts at 10 mA cm-2

Catalyst Ƞ10 (mV) Electrolyte Ref

α-Co2NiOOH 190 1M KOH This Work

CoZn LDH 470 0.1M KOH [1]

CoMn LDH 293 1M KOH [2]

CoFe LDH 314 1M KOH [3]

Fe0.1NiS2 NA/Ti 205 1M KOH [4]

Ni2.3%CoS2/CC 297 1M KOH [5]

Ag NP/NiRu-LDHs 310 0.1M KOH [6]
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OCoCCuxNiyFe4-x-

yN/NF

121 0.1M KOH [7]

CoFe/NF 220 1M KOH [8]

Co-Ni3N 307 1M KOH [9]

CcNiFeMo 238 1M KOH [10]

Ni0.75Fe0.125V0.125-

LDHs/ NF

231 1M KOH [11]

CoFePO 274.5 1M KOH [12]
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