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Electrochemical Calculations: 

All electrochemical measurements are recorded taking Hg/HgO as the reference electrode and 

converted to a reversible hydrogen electrode (R.H.E) using the following equation for data 

presentation. 

𝐸𝑅𝐻𝐸  =   𝐸°
𝐻𝑔/𝐻𝑔𝑂  +  0.059 × 𝑝𝐻 + 𝐸𝐻𝑔/𝐻𝑔𝑂     

iR compensation has been done using the following equation to describe the intrinsic 

performance of the catalysts which has been suppressed by the suppressed and contact 

resistance.1 

EiR  =   E −  iR 

Mass activity: The obtained current from linear sweep voltammograms is normalized w.r.t the 

loaded mass and plotted against the working electrode potential in the RHE scale. Here 1 mg 

of sample is dispersed in 95 μL of ethanol and the 5μL of Nafion and 5 μL of the catalyst ink 

were dropcasted on the GCRDE electrode. Thus it assumed that 0.05 mg of sample was loaded 

for the evaluation of the mass activity. 

Turn Over Frequency: 

The number of moles of cobalt and vanadium present per mg of annealed products was 

calculated from ICP-OES and from there the moles of metals in 0.05 mg of sample were 
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calculated and after that turn-over frequency (TOF) was calculated following the equation 

given below considering all the cobalt sites are participating in the catalysis process. 

𝑇𝑂𝐹 =  
𝐽 × 𝑆

4 × 𝐹 × 𝑛
 

Where ‘J’ corresponds to the current density obtained from LSV, ‘S’ corresponds to the 

geometrical surface area of the GCRDE working electrode, ‘F’ corresponds to the faraday 

constant, and ‘n’ refers to the number of moles of cobalt present in the loaded sample and 4 is 

dived since OER follows a four-electron pathway.2 

Faradic efficiency: 

The efficiency of the CoV@600 towards the catalysis of oxygen evolution reaction was 

quantified from faradic efficiency. In order to get the efficiency, LSV was recorded at 5 mV/S 

within a potential range of 0.0 to 0.8 V w.r.t Hg/HgO reference electrode. The working 

electrode here used has a glassy carbon disk coated with the catalyst for the water oxidation 

and platinum ring for the reduction of evolved oxygen and rotates at 1600 rpm. A constant 

potential of -0.5 V has been applied to the platinum ring to get the oxygen reduction reaction 

(ORR) current. The following equation is used to evaluate the efficiency of the OER catalyst 

at 1.5 V (RHE). 

𝐹𝑎𝑟𝑎𝑑𝑖𝑐 𝐸𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 =  
𝐼𝑅𝑖𝑛𝑔  × 𝑛𝐷

𝐼𝐷𝑖𝑠𝑘  ×  𝑛𝑅  × 𝑁𝐶𝐿
  

Where IRing and IDisk are the current obtained from the platinum ring and glassy carbon disk 

respectively. Here nR and nD are the number of electron pathways followed by both process 

and in this case, both OER and ORR follows a four-electron pathway. NCL refers to the 

collection efficiency of the RRDE electrode used here which has a collection efficiency of 

0.249.3 

 



 

Figure S1 Simulated and experimental powder diffraction pattern of the as-synthesized 

MOF. 

 

 

Figure S2a Elemental mapping of CoV-MOF annealed at 600 ˚C. 

 

 

Figure S2b EDAX spectrum of CoV-MOF annealed at 600 ˚C. 

 



 

 

Figure S3 Cyclic Voltammetry at different scan rates of all the catalysts. 

 

 



 

 

Figure S4 Linear sweep voltammograms of the annealed products normalized with BET 

surface area. 

 

 

 

 

Figure S5 Post-OER N2 sorption of all the annealed products. 

 

 



 

Figure S6 Post-OER elemental mapping of CoV@600. 

 

 

Figure S7 EDAX spectrum of the CoV@600 after catalysis. 

 

 

 

Figure S8 Post-OER HRTEM analysis of the CoV@600 confirming the presence of both 

Co2VO4 and CoOOH. 



 

 

Figure S9 Presence of defects in CoV@600 after OER catalysis. 

 

 

 

Figure S10 X-Ray photoelectron spectroscopy of CoV@600 after catalysis. 

 



Table S1 Elemental analysis from the EDAX spectrum of the CoV@600 

Element Weight % Atomic % Error % Net Int. 

C K 3.60 11.00 13.30 13.00 

N K 2.40 6.30 13.60 12.00 

O K 11.40 26.10 13.20 31.20 

V K 52.70 38.00 2.80 220.10 

Co K 29.90 18.60 5.10 59.70 

 

 

Table S2 Electrochemical OER performance of all the catalysts. 

Catalyst Onset 

∆ɳ (mV) 

∆ɳ (mV) @10 

mA/cm2 

ECSA 

(cm2) 

Roughness 

Factor 

Charge-

transfer 

resistance 

(RCT) 

Mass 

Activity 

(A/g) 

Turn-Over 

Frequency 

(S-1) 

CoV-MOF 343 mV 404 mV 0.7975 11.392 141 2.1 0.75 

CoV@500 247 mV 288 mV 4.437 63.3857 87 18 4.8 

CoV@600 234 mV 273 mV 2.625 37.5 53 35 7.7 

CoV@700 242 mV 279 mV 1.55 22.143 72 24 5.2 

RuO2 274 mV 326 mV 4.037 57.67 58 7.2 1.5 

 

 

 

 

 

 

 

 

 



Table S3 ICP-OES metal content analysis of the annealed samples 

Catalyst Amount 

of cobalt 

(μmol/mg) 

Amount of 

vanadium 

(μmol/mg) 

The ratio 

of cobalt 

to 

vanadium 

μmol of cobalt 

loaded on the 

electrode 

μmol of vanadium 

loaded 

on the electrode 

CoV-MOF 3.813 7.64 1:2 0.19 0.382 

CoV@500 4.41 8.8131 1:1.998 0.22 0.44 

CoV@600 4.715 9.417 1:1.9973 0.235 0.471 

CoV@700 4.847 9.681 1:1.99732 0.242 0.484 

 

Table S4 Post-OER CoV@600 elemental composition from EDAX 

Element Weight % Atomic % Error % Net Int. 

C K 11.80 25.30 13.90 4.50 

N K 0.40 0.70 97.80 0.20 

O K 29.40 47.30 10.80 19.50 

V K 12.10 6.10 5.70 13.10 

Co K 45.70 20.00 3.50 28.90 

 

Table S5 ICP-OES metal content analysis of the annealed products after catalysis 

Catalyst µmols of cobalt leached 

into the electrolyte 

µmols of vanadium 

leached into the 

electrolyte 

% of 

vanadium 

leached 

% of 

cobalt 

leached 

CoV@500 0.0122 0.349 79.3 5.54 

CoV@600 0.00966 0.333 70.76 4.11 

CoV@700 0.00865 0.3292 68.01 3.57 

 

 

 



Table S6 Table of comparison of some of the recently reported materials with the present 

work 

OER electrocatalyst Overpotential 

(mV) 

Tafel slope 

(mV/decade) 

Electrolyte References 

V-Co-Fe-343 307 36 1.0 M KOH 4 

m-CoVOx 358 63 1.0 M KOH 5 

Co-B@Co-Bi 291 120.73 1.0 M KOH 6 

CoNi-P-3DHFLM 292 84 1.0 M KOH 7 

CoVOx-300 330 46 1.0 M KOH 8 

CV(1:1) 194 20 1.0 M KOH 9 

NF@Co0.76V0.25-HNNs 268 80 1.0 M KOH 10 

Co-Fe-B/NF 270@50mA 36 1.0 M KOH 11 

B doped CoO-Ov/GC 280 71 1.0 M KOH 12 

B doped NiFe2O4  271.3 42.08 1.0 M KOH 13 

CoFe0.2Sx 320 48.7 1.0 M KOH 14 

CFO-RH400 230 68.7 1.0 M KOH 15 

Co-Co3O4@NC-4 260 88 1.0 M KOH 16 

CoVFeN@NF 212 34.8 1.0 M KOH 17 

CoNS/C 345 83.3 0.1 M KOH 18 

Co3(VO4)2-II 330 59 1.0 M KOH 19 



CoV1.5Fe0.5O4 300 38 1.0 M KOH 20 

Co-UH 250 60 1.0 M KOH 21 

Co0.8V0.2OOH 190 39.6 1.0 M KOH 22 

H2O-Plasma Exfoliated 

CoFe-LDH 

232 36 1.0 M KOH 23 

Ni2V-MOFs@NF 244 38.1 1.0 M KOH 24 

CoV-MOF 404 81.11  

1.0 M KOH 

 

 

This Work 
CoV@500 288 59.8 

CoV@600 273 54.32 

CoV@700 279 53.75 
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