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 Calculation of electrochemical accessible surface area 

At first, the double layer capacitance (Cdl) was calculated by plotting the cathodic and anodic 

peak currents (𝑖) against the sweep rate (𝜗) as per the equation 1. Thereafter the ECSA and 

roughness factor (𝑅𝑓) were determined accordingly (equation 2 and 3). 1,2 

𝐶𝑑𝑙 =
𝑖

𝜗
 …………………………………………… (1) 

𝐸𝐶𝑆𝐴 =
𝐶𝑑𝑙

𝐶𝑠
 ……………………………………… (2) 

𝑅𝑓 =
𝐸𝐶𝑆𝐴

𝐺𝑠
 ………………………….……………. (3) 

Here, Cs is the standard specific capacitance of an atomically smooth metal oxide surface in 

alkaline electrolytic condition and its value is 40 μF/cm2 and the Gs (geometrical surface area) 

of the electrode is 1 cm2.  

 Calculation of specific capacitance, energy and power 

The specific capacitance (𝐶𝑠𝑝), energy (𝐸𝐷) and power (𝑃𝐷) were calculated from the CVs 

recorded at different sweep rates as per the following equations, 3,4 

𝐶𝑠𝑝 =
∫ 𝐼(𝑉)𝑑𝑉

𝑉𝑐
𝑉𝑎

𝑚𝜗(𝑉𝑐−𝑉𝑎)
 ……………………………….. (4) 

𝐸𝐷 =
𝐶𝑠𝑝(∆𝑉)2

2
 …………………………..……… (5) 

𝑃𝐷 =
𝐶𝑠𝑝(∆𝑉)𝜗

2
 ………………………………….. (6) 

Here, ∫ 𝐼(𝑉)𝑑𝑉
𝑉𝑐

𝑉𝑎
, m, 𝜗, (𝑉𝑐 − 𝑉𝑎) and ∆𝑉 are the integrated surface area under the CV curve, 

mass of the electrode material loaded on the electrode surface, sweep rate and potential window 

respectively. 

 

 

 

 



 

Fig. S1 FTIR spectrum of GC-CPP 

 

 

Fig. S2 (a) Thermo gravimetric analysis of GC-CPP in N2 and air and (b) the corresponding 

Raman spectra. 

  



 

 

 

 

Fig. S3 BET adsorption/desorption isotherms for (a) CoHPO–CJ2 and (b) GC-CPP. 

  



 

 

 

 

 

 

 

Fig. S4 Linear sweep voltammograms of GC-CPP, CoO and RuO2 before and after iR-

compensation.  

  



 

 

 

 

 

Fig. S5 Cyclic voltammogram of GC-CPP at 5 mV/s in 1M KOH electrolyte.  

 

 

 

 

 

 

 

 

 

 

 



 

 

 

Fig. S6 (a, c) cyclic voltammograms at different sweep rate in non-Faradic potential window 

and (b, d) plot of cathodic and anodic current against sweep rate. 

 

 

 

 

 

 

 

  



 

 

 

 

 

Fig. S7 (a) PXRD and (b) FESEM of post OER GC-CPP sample 

  



 

 

 

Fig. S8 (a) survey and high-resolution X-ray photoelectron spectrum of (b) Co 2p, (c) P 2p, (d) 

O 1s and (e) C 1s of GC-CPP after OER stability measurement.  

 

  



 

Table S1 OER performance comparison of GC-CPP with reported materials. GCE: glassy 

carbon electrode, GCRDE: glassy carbon rotating disk electrode, NF: nickel foam 

 

Sample 
Loading 

(mg/cm2) 

Tafel 

slope 

(mV/dec) 

Overpotential 

(V) @ 10 

mA/cm2 

Electrolyte 

(M) 
Electrode 

TOF 

(s−1) 

ECSA 

(cm2) 
Rf Ref. 

Ultrafine 

CoP-

CNT 

 

0.28 

 

50 

 

0.330 

 

0.1 (NaOH) 

 
GCE 

0.028

7 
-- -- 5 

CoP 

NRs/C 

 

0.71 

 

71 

 

0.32 

 

1 M KOH 

 

GCRDE 

-- -- -- 

6 
CoP 

NPs/C 

 

0.71 99 0.34 1 -- -- -- 

CoMnP 0.28 61 0.33 1 

GCRDE 

-- -- -- 

7 Co2P 

 

0.28 

 

128 

 

0.37 

 

1 

 
-- -- -- 

Co
2
P 

(Nanone

edles) 

0.2 50 0.31 1  -- -- -- 8 

Co
3
(PO

4
)

3
@N–C 

0.20.2 62 0.317  1 GCRDE -- -- -- 9 

CoFePi 0.25 33 0.315 0.1 

GCRDE 

-- 107 
151

4 

10 

CoFePi 0.25 31 0.277 1 -- -- -- 

CoPi 0.25 61 0.388 0.1  61 864 

FePi + 

CoPi 
0.25 51 0.355 0.1 -- -- -- 

CoNiPi 0.25 87 0.402 0.1 -- -- -- 

CoCePi 0.25 75 0.374 0.1 -- -- -- 

CoFeNiP

i 
0.25 51 0.309 0.1 -- -- -- 

NCoM-

SS-Ar 
0.14 76 0.340 1 GCRDE -- -- -- 11 

Mesopor

ous 

CoPi-1 

0.2 58.7 0.380 1 GCRDE 0.018 -- -- 12 

Hollow 

Co
3
(PO

4
)

2
 

0.12 84 N.A. 1 GCRDE -- -- -- 13 

Co
3
(OH)

2
(HPO

4
)
2

/NF 

2 69 0.240 1 NF 
4.38×

10−3 
2.52 -- 14 

Co
2
P

2
O

7
 0.5 54.1 0.359 1 GCE 0.058 231.5 

183

7.3 
15 

Na
2
Co

0.75

Fe
0.25

P
2
O

7
/C NPs 

- 47 0.300 0.1 GCE -- -- -- 16 

Co
2
(P

2
O

7

) 
0.5 41 0.165 1 

Stainless 

steel mesh 
7.95 13.52 

13.5

2 

Present 

work 



Table S2 Charge storage performance comparison of GC-CPP with reported materials 

Materials Specific 

Capacitance 

(F/g) 

Potential 

window 

(V) 

Current 

density 

(A/g) 

Energy 

density 

(Wh/kg) 

Power 

density 

(W/kg) 

Reference 

Co2P2O7 + AB + 

PVDF on NF 

367 in 3M 

KOH 

 

0.40 0.625 8.16 125 

17 

Co0.2Ni0.8 

Pyrophosphate 

 

1259 in 3M 

KOH 

0.55 1.5 42.4 (Device) 800 

18 

Co0.6Ni1.6P2O7/NG+ 

AB + PTFE on NF 

1473  0.50 1.0 34.9 (Device) 800 
19 

Co2P2O7 + Super P 

carbon + PVDF 

with redox additive 

in the electrolyte on 

Carbon paper. 

580 0.7 1.0 - - 

20 

CoHPO4.3H2O + 

AB + PTFE on NF  

413 0.45 1.5 - - 
21 

Co3(PO4)2 grown 

on NF 

12,285 in 1M 

KOH @ 

5mV/s 

0.7 - 26.66 (Device) 750 

22 

Nickel–Cobalt 

Phosphate (Ni/Co = 

4:5) on NF 

1132.5 in 3M 

KOH 

0.4 1.0 - - 

23 

Co3(PO4)2.8H2O 

on NF 

350 in 3M 

KOH 

0.4 1.0 - - 
24 

Ni3P2O8-Co3P2O8 

(Ni/Co = 8:2)  

1974 in 6M 

KOH 

0.4 0.5 33.4 (device) 399 
25 

Co
2
(P

2
O

7
) 

900 in 5 M 

KOH at 1 

mV/s 

 

500 F/g 

0.45 - 

 

 

 

1.5 

31.25 
21 

kW/kg 
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work 
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