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Material characterisation 

Fe–FT, Na–Fe–FT (powder samples), Fe–FT/NiP and Na–Fe–FT/NiP electrodes were characterized 
using various techniques. Surface topography, structure, elemental analysis and mapping the chemical 
composition were analysed by FE–SEM and EDAX using a Carl Zeiss–Sigma 300 scanning electron 
microscope. Crystallographic information of all the samples were studied by X–Ray Diffraction (XRD) 
analysis using a Bruker D8 Advance twin–twin spectrometer. X–Ray Photoelectron Spectroscopy (XPS) 
analysis was performed using a Thermo Scientific ECSALAB Xi+ photoelectron spectrometer, which 
employed an Al K–α X–ray source with an energy of 1486.6 eV. The binding energy obtained from this 
analysis was calibrated using carbon 1s (284.6 eV) as a reference.

Electrochemical characterization and OER performance.

The electrochemical performance of the fabricated electrodes toward the Oxygen Evolution Reaction 
(OER) was evaluated using a conventional three–electrode system. In this setup, the fabricated 
electrode served as the working electrode, while a Pt mesh (5 cm²) and HgO/Hg electrode were 
employed as the counter and reference electrode, respectively, all connected to an electrochemical 
workstation (CH16041E). Electrochemical Impedance Spectroscopy (EIS) was carried out in 1 M NaOH 
at the Open Circuit Potential (OCP), covering a frequency range from 1 Hz to 100 kHz to analyze charge-
transfer resistance and interfacial behaviour. The Electrochemically Active Surface Area (ECSA) of the 
electrodes was estimated using Cyclic Voltammetry (CV) measurements at non-faradaic region, 
recorded at different scan rates. The OER activity of the developed electrodes was further assessed 
using Linear Sweep Voltammetry (LSV) in 1 M NaOH, at a scan rate of 10 mV s⁻¹ within a scanning 
window from 1.2 V to 1.7 V versus the Reversible Hydrogen Electrode (RHE). The kinetics of the OER 
reactions were estimated from Tafel plots obtained using short term chronoamperometric analysis 
(CA). The electrochemical stability of the electrodes during OER was verified by comparing the LSV 
curves recorded before and after 1000 consecutive CV cycles. 

Photocatalytic HER performance

The photocatalytic performance of the developed electrodes was evaluated under direct sunlight. A 2 
cm² surface area of the electrode was exposed to sunlight. The developed electrodes were carefully 
placed inside a 70 mL round-bottom flask containing a 25% v/v methanol/water mixture, and the flask 
was sealed with a septum. Nitrogen gas was purged for 45 minutes to deaerate the solution before 
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the activity measurements. The developed electrodes were irradiated for 5 hours. The generated H₂ 
gas was periodically collected and analyzed using a gas chromatograph (PerkinElmer Clarus 590 GC) 
equipped with a thermal conductivity detector at 473 K. All the photocatalytic HER reactions were 
repeated at least four times using different electrode batches, with results within a 4% error margin. 
The electrode with the highest performance was tested for reusability under the same experimental 
conditions. Nitrogen gas was purged after each cycle to remove hydrogen gas generated during the 
previous cycle. 

EDX spectra and mapping

Fig. S2. EDX mapping of various elements present in Fe–FT/NiP electrode

Fig. S1. Comparison of EDX spectra of Fe–FT powder and Fe–FT/NiP electrode.



Electrocatalytic analysis

Fig. S3. (a). Column graph tabulating the Rct values of all electrodes (b-d) The CV graph of Na-Fe-FT/NiP, Fe-FT/NiP and NiP electrode 
at different scan rates taken at the non-faradaic region.

Fig. S4. LSV of all Na-Fe-FT/NiP electrodes along with NiP and Fe-FT/NiP



Fig. S5. (a). 1000 CV cycles of Na-Fe-FT/NiP electrode, (b) LSV taken before and after 1000 
CV cycles.



Comparison to other recently published works

Table S1.  Comparison of electrocatalytic OER performance with other recent publications

Sl. No. Catalyst Overpotential
(mV)

Tafel Slope
(mV dec–1) Reference

1. Ni2.5Fe2.5-P/Ti3C2Tx
290 mV@ 10 
mA cm-2 72.3 mV dec–1 [1]

2. NiS2/Ti3CNCl2
297 mV@ 10 
mA cm-2 109.6 mV dec–1 [2]

3. Fe3O4@NiFe-LDH/MnCO3
230 mV at 
50 mA cm−2 73.1 mV dec–1 [3]

4. Co:α-Fe2O3/γ-Fe2O3 297 mV @ 10 
mA cm-2 56.67 mV dec–1 [4]

5. 0.3Fe-NiCo1.7O4/NiO@P-rGO 293 mV @ 10 
mA cm-2 61.55 mV dec–1 [5]

6. CoFe LDH on Ti3C2Tx MXene 301 mV @ 10 
mA cm-2 43 mV dec–1 [6]

7. MXene@TiO2/FeP 240 mV @ 10 
mA cm-2 74.55 mV dec–1 [7]

8. commercial RuO2
293 mV@ 10 
mA cm-2 96.33 mV dec–1 [7]

9. FeP4@TiO2

Ni2P/FeP4@TiO2

400-450 mV@ 
10 mA cm-2

260 mV@ 10 
mA cm-2

90 mV dec–1

55 mV dec–1

[8]

10. Ti-doped NiCo-LDH/NF 319mV @50 
mA cm−2 117 mV dec–1 [9]

11. TiO2/S-PANI

FeOOH/S-PANI

1213 mV@ 0.1 
mA cm−2

416 mV @ 0.1 
mA cm−2

273 mV dec–1

68-100 mV dec–1

[10]

12. Fe3O4
497 mV@ 10 
mA cm−2 101 mV dec–1 [11]

13. Ir-black@Fe3O4
290 mV@ 10 
mA cm−2 60 mV dec–1 [11]



14. Fe3O4/IF

22%Co–Fe3O4/IF

370.6 mV@ 10 
mA cm−2

260.6 mV@10 
mA cm−2

101 mV dec–1

72.31 mV dec–1

[12]

15. Na-Fe-FT/NiP 249 mV@10 mA 
cm−2 79 mV dec–1 Present 
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