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S1: Determination of percentage of carbon in the deposit

It was intended to make a correlation plot between the weight % of GO in the deposition 

bath and amount of carbon in the electrodeposit. For this, several electrodes were made by 

keeping the concentration of KMnO4 at 20 mM in 0.1 M phosphate buffer solution, while the 

weight % of GO in the electrolyte was gradually varied. Depositions were carried out at -1.05 V 

vs. SCE for 30 min and EDXA was obtained for each samples. The following equations were 

used to calculate the relative percentage in each case.

  Percentage of GO in the electrolyte = 

Percentage of C in the deposit =   

Fig. S1: A plot of % of C in the electrodeposit against weight % of GO in the deposition bath.
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S2: Comparison of OER activity

Catalyst Overpotential at 0.5 mA cm-2 References

MnOx-Pi-rGO 430 mV Present work

MnOx-Pi 560 mV Present work

MnO2 

(with SDS)

440 mV ESI-1 

MnO2 

(Dau’s method)

565 mV ESI-2 

Mn3(PO4)2·3H2O 680 mV ESI-3 

MnOx >700 mV ESI-4 
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S3: Faradaic efficiency measurement

    The amount of evolved oxygen was quantified using water displacement in an inverted 

burette. Electrolysis in phosphate buffer solution was carried out at 2.0 V vs. RHE for 1 h in an 

air-tight glass container consisting of MnOx-Pi-rGO deposited Pt as the working electrode             

(area = 5 cm2), large Pt foil as the counter electrode and a saturated calomel electrode as the 

reference. The working electrode was prepared by depositing MnOx-Pi-rGO at -1.05 V vs. SCE 

for 30 min from 0.1 M neutral phosphate solution containing 20 mM KMnO4 + 6.5 % GO. The 

evolved oxygen was collected in a water filled inverted burette. The volume of water displaced 

in the burette is an estimate for the volume of oxygen generated in the water electrolysis. It was 

observed that MnOx-Pi produced 71 μmol of oxygen within 1 h of electrolysis and a total charge 

of 30 C was passed. This corresponds to a Faradic efficiency about 92 %. Similar studies using 

MnOx-Pi catalyst (ie. without rGO) produced only 53 μmol of oxygen with a Faradic efficiency 

close to  90 %. Faradic efficiency was calculated using the following equation,

The theoretical number of moles of oxygen evolved was obtained using Faraday's 2nd law of 

electrolysis according to the following equation, 

where Q is the total charge passed, n is the number of electrons consumed per mole of O2 (n= 4 

for OER), i is the current in amperes, t is the electrolysis time in seconds, and F is the Faraday 

constant (96485.3 C mol-1).
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S4: Stability test

          The stability of MnOx-Pi-rGO catalyst was studied by constant potential electrolysis in 

0.1 M potassium phosphate buffer solution (pH 7.0). For this, the catalyst was deposited on a Pt 

substrate at -1.05 V vs. SCE for 30 min from 0.1 M neutral phosphate electrolyte containg        

20 mM KMnO4 + 6.5 % GO. Current trace during electrolysis at 1.95 V vs. RHE is shown in   

Fig. S4. A current value of 2.7 mA cm-2 is obtained in the initial stage of electrolysis and it 

decreases to 1.9 mAcm-2 after 1 h, indicating a decrease in the current by 30 %.

Fig. S4: Amperogram during electrolysis at 1.95 V vs. RHE in 0.1 M phosphate buffer solution 

(pH 7.0) using MnOx-Pi-rGO catalyst deposited on Pt.
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S5: Van der Pauw method for sheet resistance 

Electrical conductivity was measured by four-probe Van der Pauw method using Agilent 

Device Analyzer B1500A. For this, catalysts were deposited on FTO electrodes at -1.3 V vs. 

SCE for 1 h. A square shaped piece was cut from this and electrical contacts were made at the 

four corners of the square using silver paste. To make a measurement, a current was passed along 

one edge of the sample (for instance, I21) and the voltage across the opposite edge (V34) was 

measured. From these two values, a resistance (R21,34 ) was calculated using Ohm's law. This 

procedure was repeated in different combinations and then, the sheet resistance (RS) was 

obtained by solving the following equation,ESI-5

    exp (-πRA/ RS) + exp (-πRB/ RS) = 1

where RA =   (R21,34 + R12,43 + R43,12 + R34,21)  , and  

            RB =   (R32,41 + R23,14 + R14,23 + R41,32)  

The sheet resistance was found to be 7.5 Ω / sq for MnOx-Pi-rGO which was almost half that of 

the MnOx-Pi (13.6 Ω / sq).
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https://en.wikipedia.org/wiki/Ohm%27s_law
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