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Analytical grade of tartaric acid (C4H6O6), cobalt chloride hexahydrate (CoCl2.6H2O), 4-

nitrophthalonitrile (C6H4NO2(CN)2), 1,8-diazabicyclo[5.4.0]undec-7-ene (DBU) (C9H16N2), 

potassium carbonate (K2CO3), tetrabutylammonium perchlorate (TBAP) (C16H36ClNO4), n-

pentanol (C5H11OH), methanol (CH3OH), ethanol (C2H5OH), acetone (CH3COCH3), n-hexane 

(C6H14), dimethylformamide (DMF) (C3H7NO), dimethylsulfoxide (DMSO) (C2H6OS), 

hydrochloric acid (HCl), potassium hydroxide (KOH), sulphuric acid (H2SO4), 20% Pt/C and 

IrO2 were purchased from SD fine Chemicals or Sigma-Aldrich, India and used without further 

purification.

Physical methods 

The melting point of the sample was determined using a melting point apparatus from Sisco 

instruments (Model no.70818209, India). The elemental analysis of the synthesized 

compounds was performed using a CHN&S elemental analyzer (Vario ELIII CHNS). The UV-

Vis absorption spectrum of the sample was recorded in a quartz cuvette using an Ocean optics 

spectrometer with flame (FLAME-S-UV-VIS-ES, serial no. FLS04808) in the wavelength 

range 280-850 nm using 0.1 mM of Poly CoTAPc in DMSO. Fourier-transform infrared 

spectroscopy (FT-IR) analysis was performed using a Spectrum Two FT-IR spectrometer 

(Perkin Elmer) with a resolution of 1 cm–1 using KBr pellet method. The mass spectra (70 eV, 

electron impact mode) were measured using a Finnigan MAT instrument (Agilent). The 

thermal stability of the synthesized phthalocyanine was analyzed using a STA 6000 

Simultaneous Thermal Analyzer (Perkin Elmer) in the temperature range of 30-700 °C at a 

heating rate of 20 °C∙min–1 under air flow (30 mL∙min–1). The X-ray diffraction (XRD) pattern 

of the sample was measured using a Bruker D8 Advance X-ray diffractometer. Transmission 

electron microscope (TEM) images were taken using a Talos F200S (ThermoFisher Scientific), 

and X-ray photoelectron spectroscopy (XPS) analysis were conducted using a SPECSMXPS 

system.
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Calculation methods: 

Mass activity: The mass activity (A g-1) are measured from from the catalyst loading density 

m and the measured current density j(mA/cm2) at ɳ= 350 mV. The mass activity can be 

calculated by using the below formula [1].

Mass activity=j/m.

TOF: TOF is defined as the number of reactant that a catalyst can convert to a desired product 

per catalytic site per unit of time, exhibiting the intrinsic catalytic of each catalytic site [2]. The 

value of TOF is calculated by the following equation:

TOF=(jA)/(4Fn).

Here, j(mA.cm-2) is the measured current density at a given potential (ɳ= 350 mV), A is the 

surface area of the working electrode, 4 is the electron transfer number during O2 generation, 

and n is the number of moles of the active materials. Assuming that all cobalt ions in the 

catalysts are active and contribute to the catalytic reaction (lowest TOF values were calculated), 

so n is the Co ions molar number calculated from catalysing loading amount, F is the Faraday 

constant (F = 96485 C mol-1).

Roughness Factor (Rf): Roughness factor of the electrode is calculated by the following 

equation [3]. 

Rf= ECSA/Electrode surface area 



S5

Figure S1. Mass spectrum of oxy-bridged ligand, 3. 

Figure S2. Mass spectrum of Poly CoTAPc. 



S6

Carbon Nitrogen

Oxygen Cobalt

Figure S3. Elemental mapping of carbon, nitrogen, oxygen and cobalt in Poly CoTAPc. 
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Figure S4. Solution CV response of Poly CoTAPc in DMSO electrolyte using GCE and 
TBAP as supporting electrolyte scanned at 50 mV.s-1.
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Figure S5. LSV polarization curves and overpotential bar graph of different composition of 

Poly CoTAPc:KB at 10 mA/cm2. 
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Figure S6. Estimated exchange current density of modified electrodes.  
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Figure S7. (a) Mass activity and (b) TOF value of catalysts modified electrode measured at a 

overpotential of 1.58V vs RHE.  
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Figure S8. (a) LSV polarization curves for OER before and after chronoamperometric (CA) 

study carried with PolyCoTAPc+KB/Ni in 1M KOH with 5mV .cm-1 scan rate.   (b) 

Overpotential needed to reach 10mA.cm-2 before and after chronoamperometric stability 

study.
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Figure S9. (a-d) XPS spectrum for each component, (e) HRTEM image and (f) EDAX image 

of hybrid composite Poly CoTAPc+KB after long term chronoamperometric stability test. 
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Figure S10. ECSA normalized LSV polarization curves of all fabricated electrode
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Table S1. Comparison of OER activity of HQCoPc+KB with other non-noble electrocatalysts.

Catalysts Electrolyte Overpotential at 

10 mA.cm-2

Tafel slope 

(mV.dec-1)

References

Fe0.5Ni0.5Pc-CP 1 M KOH 317 116 4

FeNiN-MWCNT 0.1M KOH 350 - 5

Co@Co3O4 0.1 M KOH 420 125.3 6

Co/NCNT 1.0 M KOH 416 91 7

Poly [Co (II)THTPc]: KB 1 M KOH 359 59.84 8

COOH defect graphene 1 M KOH 390 - 9

CoTTPc/MWCNTs 1 M KOH 305 63 10

α-MnO2 1 M KOH 450 73.1 11
rGO-CoTATPc 1M KOH 373 45 12

NiCo LDH 1 M KOH 335 41 13

NiCoN NW 1.0 M NaOH 360 46.9 14

NiO/NC 1 M KOH 429 61. 15

Mn-Cd-S@Ni3S2 1 M KOH 333 150 16

Ni/FeOOH nanosheet 0.1 M KOH 390 78.3 17

PCN-CFP 0.1 M KOH 400 61.6 41

Poly CoTAPc+KB/Ni 1 M KOH 306 81 Present 

work

Table S2. EIS equivalent circuit parameters for fitting the Nyquist plots of different catalysts 

in 1M KOH.

Electrode Rs(Ω)
(% 
RSD) 

Q-Yo
(% RSD)

Q-n
(% RSD)

Rc(Ω)
(% RSD)

Q-Yo
(% RSD)

Q-n
(% 
RSD)

Rct (Ω)
(% RSD)

Ni foam 3.45
(8.29)

0.013
(117.6)

0.8
(35.25)

2.619
(48.47)

0.002
(2.89)

0.85
(1.749)

27
(3.58)

PolyCoT
APc

3.509 
(0.9234)

0.005601 
(63.56)

0.8792 
(8.896)

0.4791 
(10.34)

0.004317 
(1.373)

0.8222 
(0.464)

24.41 
(0.5199)

KB 3.507 
(0.9892)

0.07932 
(58.32)

0.8
(8.748)

0.5364 
(9.897)

0.004182 
(1.277)

0.8
(0.436)

25.69 
(0.4969)

PolyCoT
APc+KB

3.465
(1.54)

0.0017
(85.95)

0.75
(14.45)

0.6
(16.26)

0.0040
(2.151)

0.837
(0.77)

20.05
(0.7928)
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