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Section S1. General methods involved in electrochemical measurements 

All electrochemical experiments were performed using a three-electrode electrochemical 

cell employing a modified (coated by the catalytic compound) glassy carbon as working, 

home-made Ag/AgCl (3M) or MMO electrode as reference and Pt-wire as counter 

electrodes unless mentioned otherwise. For the deposition of coating of the catalytic 

compound on electrode, 8 mg catalyst and 2 mg acetylene black carbon were taken in 2 

mL EtOH:H2O (3:2) mixture and to it 10 µL 5 wt% nafion (aq) was added. The mixture 

was kept in sonication to make a homogeneous suspension and 10 µL of this mixture was 

coated on glassy carbon electrode having 3 mm diameter (geometrical area = 0.0706 cm2) 

resulting in 40 µg sample (assuming the suspension of carbon and catalyst to be 

homogeneous) on glassy carbon electrode. The same loading on the electrode surface was 

maintained for all electrochemical experiments unless otherwise stated. The electrode was 

dried under the IR-lamp (temperature ~70°C) prior to use. All experiments were 

performed at ambient temperature. Electrode potentials were converted to the NHE scale 

using the relation E(NHE) = E(Ag/AgCl) + x V when the Ag/AgCl electrode was used as 

the standard electrode and using the relation E(NHE) = E(MMO) + y V. x, y are 

numerical correction terms required to be introduced to convert the observed ref. 

electrode scale to NHE scale. In general, the conversion factor i.e., x and y are determined 

by performing calibration of the home made reference electrodes against standard redox 

couple. CV scans were initiated at the open circuit potential (OCP) and anodic side was 

scanned first followed by cathodic scan. Multiple cycles were taken consecutively for 

each set of CV measurements. 

Calibration of MMO and Ag/AgCl electrode with respect to NHE 

The home-made Hg/HgO (0.1 M KOH) was calibrated by running a linear sweep 

voltammogram (LSV) using Pt-disk (2 mm diameter) in H2 saturated 0.1 M KOH at a 

scan rate of 1 mV/s using MMO as reference electrode. In case of Ag/AgCl electrode, 

cyclic voltammogram of standard recrystallized K4[Fe(CN)6] was recorded and 

compared with literature value reported in terms of NHE to determine the conversion 

factor with respect to NHE. The cyclic voltammogram was constructed in 2 mV/s scan rate. 

Open circuit potential 

All the compounds were coated on a GC electrode and the open circuit potential (OCP) 

value of this electrode was recorded in contact with corresponding electrolyte solution 

over long 
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period of time. In this way, first the stability of any proposed catalyst was checked in 

appropriate electrolyte and then it was subjected to electrochemical analysis. 

 

Section S2. General method of overpotential calculation from Tafel plot 

To have idea about the kinetics of water oxidation catalysis of the proposed catalysts Tafel 

plot was constructed. With the help of Tafel plot and cyclic voltammograms of various scan 

rate, their operation overpotential (for a particular current density) and turnover frequency 

was calculated. 

 

 Tafel Data Collection 

 

For each of the catalysts Tafel data were collected in galvanostatic mode. For this a 

constant current was applied for ~30 minutes. After 30 min the steady state potential was 

noted. Likewise 15-20 different currents were applied from 10-5 A to 10-3 A. The 

electrolyte solution was stirred at a constant rpm (between 450-550 rpm) throughout the 

experiment to maintain steady state mass flow to the electrode. Before starting the 

measurement, the solution resistance was directly read out from instrument iR function. 

This resistance value was used to correct the uncompensated resistance manually for each 

current value. Not only that, impedance analysis was employed to cross check the internal 

cell resistance. 

From the Tafel plot, value of required overpotential was measured for a current density of 

1 mAcm-2. In some cases the observed Tafel line was needed to be extrapolated for the 

sake of the measurement.  

 

Section S3. General method of turnover frequency (TOF) calculation from Tafel 

plot: 

To evaluate the turnover frequency, different methods were employed by us in different 

works. Out of all those, here we are mentioning the easier one.  

 

Calculation of Surface Coverage and number of active cobalt atoms 

We have calculated the active Co atoms/cm2 on the electrode surface using a method 

recently described by Pintado et al.1 by measuring surface coverage (Γ0) from slope of ip 
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vs scan rate (a derived plot obtained from scan rate variation study for each catalsyt) 

using the equation 1.  

    Slope = n2F2AΓ0/4RT   ............. (1) 

Where ‘n’ = No. of electrons involved, here 1. For CoII CoIII conversion. 

‘F’ = 1 Farad = 96,500 C. ‘A’ = Geometrical surface area of electrode. 

‘R’ = Ideal Gas Constant. ‘T’ = Temperature during experiment. 

‘Γ0’ = Surface density of active cobalt atoms. 

Thus, obtained surface density of active cobalt atoms calculated in terms of pmol/cm2 or 

µmol/cm2 depending upon its concentration. 

 

Calculation of Turnover Frequency (TOF): 

The activity of a catalyst can be well-expressed in terms of turn over frequency (TOF). It 

is defined as the number of reactant molecules getting converted into product molecules 

in unit time per active site. The TOF is measured as given in the literature.1 

 

                                                                                                                                      ....(2) 

 

Here, 4 come because OER is a 4e- process. Hence division of current density at a 

particular overpotential by 4F (F = Faraday constant) gives one catalytic turnover number 

and further division of turnover number(TON) by the number of active cobalt atoms 

results in turnover frequency (TOF). 

Thus (TOF)j=1 mA = (TON/ surface coverage) [mol O2 (mol Co)-1s-1] 

 

 

Section S4. General method of calculation of Faradic efficiency: 

Faradic efficiency was calculated by measuring the amount of oxygen evolved within a 

certain time period (under the application of a constant current density). A home-made 

glass set up was utilized to measure the amount of the evolved oxygen gas. The set up 

works on the principle of displacement of liquid by evolution of gas (here only oxygen 

and not hydrogen). Earlier we used chromatographic techniques to analyse the amount of 

the evolved gas, but later we shifted to this technique. 

 

TOF at any given over potential = 

Current density at given over potential 

4  F  No. of active cobalt species/atoms 
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Quantitative oxygen evolution experiment: 

To determine the evolved oxygen (O2) gas over time, bulk electrolysis was carried out 

using two electrode system. Fluorinated Tin Oxide (FTO) of known surface area was was 

coated with sample and used as the working electrode (anode in present case). A large 

area platinum flag was used as counter electrode (cathode). Known amount of the catalyst 

was loaded on FTO electrode. With the help of a home built set up (which does not allow 

mixing of the evolved O2 and H2 generated at the working and counter electrode 

respectively. The set up can measure the volume of O2 with a precession of 0.05 mL), 

electrolysis was carried out at constant current. During the electrolysis, evolved oxygen 

accumulated in an inverted graduated tube displacing the electrolyte. Here the principal of 

liquid displacement by gas is utilized to measure the amount of evolved oxygen. On the 

other hand, evolved H2 gas formed a ring of bubble, around (outside of the glass wall of 

the inner glass wall) inverted graduated tube (but could not get inside the tube and mix up 

with O2).  

 

 

Calculation of Faradaic Efficiency: 

Faradaic Efficiency is the efficiency with which charge is utilized in a electrochemical 

reaction. For water oxidation process it is defined as below:  

For WOC it can be formulated as    

On the other hand, O2 ideal =  

Here, in most of the cases a current density of 1 mA/cm2 was applied. In the case of WOC 

‘n’= 4 ( as it is a four electron process). 

Thus, O2 that ideally should evolve = (surface area of FTO mol. 

Therefore Faradaic efficiency of a catalyst could be measured by taking the ratio of the 

volume of the actually evolved oxygen and the volume of ideally evolved oxygen 

(calculated).  
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Section S5: Figures related to CoII
x@ZIF-8 project 

 

 
Figure S1. PXRD patterns of CoII

x@ZIF-8 in different conditins. 

 
Figure S2. UV-Vis spectra of CoII

x@ZIF-8 and ZIF-8. 
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Figure S3. ICP-AES analysis of CoII
x@ZIF-8. 

Figure S4. FESEM images of CoII
x@ZIF-8. Spherical particles similar to that of CoOx is 

highly prominent. 
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Figure S5. Cyclic voltammogram of CoII
x@ZIF-8 compared with that of ZIF-8 (        ). In 

case of CoII
x@ZIF-8 (         ) represents the 2nd cycle of cyclic voltammetric measurement 

while (        ) represents 1000th cycle of the same. Measurements were done in neutral pH, 0.1 

M Na2SO4 solution. All the CV were done in heterogeneous fashion. Scan rate 100 mV/s. 
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