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Section 1. Experimental section

All the solvents and reagents used were acquired of the highest purity and are commercially 

available. They are used as such without any extra purification.

1.1 Synthesis of {Cu(pz)4}2Mo8O26]·2H2O (named as Cat 1)

Initially, Ammonium molybdate tetrahydrate (1 mmol) is treated with CuCl2.2H2O  (1.5 mmol) 

 in 20 mL of water. Further pyrazole (1 mmol) is added to it and kept stirring for 2 hours. The 

mixture is carefully poured into a 50-milliliter Teflon container and heated to 140⁰ C for 72 

hours. After the completion, the reaction is cooled down to room temperature. The filtered 

solution is set aside for crystallization at ambient temperature. Blue color crystals were 

obtained after 2-3 days.

1.2 Synthesis of rGO

Graphene oxide was synthesized by the known reported technique.1 Dried graphene oxide 

(GO) powder, placed on a crucible, underwent thermal treatment in a already heated muffle 

furnace at 350°C for 30 seconds. It's imperative to extract the crucible from the furnace 

gradually to avoid material loss, as the pressure variance could lead to dispersion of the 

material into the atmosphere. The resultant substance obtained after this process was a black 

powder, referred to as reduced graphene oxide (rGO).2 

1.3 Synthesis of Nanocomposite 

The composite is formed by 15 minutes of mechanical grinding of  Cat 1 and reduced graphene 

oxide. The obtained crystal of Cat 1 is powdered and mixed with rGO { 1:1 (15mg:15mg) , 2:1 

(30mg:15mg), 4:1 (60 mg:15mg) respectively} followed by mechanical grinding for 15 mins 

using mortar and pestle.

Section 2. Physical Characterization



Powder X-ray diffraction (PXRD) studies were carried out on a Bruker D8 – Advance Eco X-

ray Diffractometer with Cu-Kα radiation (1.5418 Å). The morphological analysis of the 

catalyst was done by using a scanning electron microscope (SEM) from JEOL (JSM IT-300) 

provided with an energy-dispersive X-ray diffractometer (Bruker) and transmission electron 

microscopy (TEM). Valence states of the elements were found by X-ray photoelectron 

Spectroscopy (XPS) spectrometer (K-Alpha 1063).

Section 3. Electrochemical Study

All the electrochemical measurements were performed on the Metrohm-Autolab 

electrochemical workstation. A conventional three-electrode setup is used with a graphite 

electrode as the counter electrode, and an Ag/AgCl (3M KCl) electrode as a reference electrode. 

The ink for coating the graphitic strip as working electrode was prepared by taking 5 mg of 

catalyst in 500 µL of ethanol and 20 µL of 5 wt% nafion. The area of the sample when 

performing the electrochemical study was 0.5cm * 0.5cm. The mixture was sonicated for 2-3 

hours to make a homogeneous mixture and then 100 µL of the ink was coated on the graphitic 

strip. All the data was collected in 0.5 M H2SO4. The equation used for the conversion to a 

Reversible Hydrogen electrode is ERHE = EAg/AgCl + 0.197 + 0.059*pH. The determination of 

Tafel slope was done by fitting the linear region of the Tafel plot into the Tafel equation: 4

η = b log(j) + a

The double layer capacitance (Cdl) was calculated by taking the CV scans in a non-Faradaic 

potential range of as-prepared catalysts electrodes in 0.5 M H2SO4 at a scan rate of 10 to 60 

mV/s. 

ECSA was determined by using the equation  ECSA = Cdl/Cs



To check the stability of the catalyst, the chronoamperometric experiment was performed for 

more than 24 hours at the higher current density of 100 mA/cm2. All the electrochemical data 

was recorded at room temperature. 

Fig. S1. Asymmetric Unit of Cat 1.



Fig. S2. XRD plot for 1:1, 2:1, and 4:1.

Table S1. Comparison table with reported acidic OER catalysts

S.No. Material/Working 

electrode

Electrolyte Overpotential

@10mA/cm2

(mV)

Tafel 

Slope

(mV/dec)

Stability

(hours)

Reference

1 Mn-RuO2 0.5 M H2SO4 143 40 480 3

2 (Ru–W)Ox 0.5 M H2SO4 170 46.2 300 4



3 Sr−Ru−Ir 0.5 M H2SO4 190 39 150 hrs@ 

1mA/cm2

5

4 1T-IrO2 0.5 M H2SO4 197 49 45 hrs@ 

50mA/cm2

6

5 RuCoOx 0.1 M HClO4 200 50.1 100 7

6 Ni-RuO2 0.1 M HClO4 214 42.6 200 8

7 AD-HN-Ir 0.5 M H2SO4 216 39 100 9

8 Ru5W1Ox 0.5 M H2SO4 235 42 24 10

9 IrOxQD/GDY 0.5 M H2SO4 236 70 20 11

10 Ir1-x(Ir0.8V0.2O2)x-BHC 0.1 M HClO4 238 39.87 130 12

11 COOH-MWNTs 0.5 M H2SO4 265 82 10 13

12 Mn7.5O10Br3 0.5 M H2SO4 295 68 500 14

13 RuIr@CoNC 0.5 M H2SO4 300 45 40 15

14 POM-rGO

(2:1) nanocomposite

0.5 M H2SO4 185 252 24 Current 

work



Fig. S3. XPS survey spectra of 1:1 POM-rGO nanocomposite.



Fig. S4. XPS survey spectra of 4:1 POM-rGO nanocomposite.
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Fig. S5. Comparative High-resolution XPS spectra of (a) Cu 2p, (b) Mo 3d of 
1:1, 2:1 and 4:1 nanocomposite  



Fig. S6. High resolution C1s spectra for 2:1 nanocomposite.
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Fig. S7. FESEM image and elemental mapping of Cat 1.

Fig. S8. Thermogravimetric analysis (TGA) curve of Cat 1. 



Fig. S9. FTIR spectra of Cat 1 and 2:1 nanocomposite.

Fig. S10. HRTEM of 2:1 before OER test.



Table S2. Comparison of OER performance and Work Function of Cat 1 and 
composites of Cat 1 and rGO in different ratios.

Catalysts Overpotential(mV) 
@ 10mA/cm2

Work 
Function

Cat. 1 365 4.49

Cat. 1 & rGo 
(1:1)

346 4.14

Cat. 1 & rGo 
(2:1)

185 1.74

Cat. 1 & rGo 
(4:1)

397 4.63



Fig. S11. LSV curves of Cat 1 & rGO composite in different ratios.



Fig. S12. CV cycles for Cat 1 at different scan rates.



Fig. S13. CV cycles for Cat 1 & rGO (2:1) at different scan rates.



Fig. S14. ECSA normalized LSV of 2:1 and Cat 1.



Fig. S15. Post OER PXRD pattern for 2:1 nanocomposite.
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Fig. S16. Post OER (a) FESEM micrographs of 2:1 nanocomposite, (b) elemental 
mapping.
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Fig. S17. Post OER element mapping of 2:1 nanocomposite.
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