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To meet the European Green Deal’s initiative, the development of renewable energy sources is required, and water splitting is widely studied and is an emerging source of hydrogen fuel. However, the oxygen evolution reaction (OER) is a bottleneck in alkaline water splitting due to sluggish kinetics, which demand a low-cost, highly efficient, and stable catalyst. NiFe layered double hydroxide (LDH) is a promising OER catalyst, but its long-term stability limits its practical use. In this study, underlayer-mediated NiFe LDHs are electrochemically deposited on a pre-deposited Co(OH)2 underlayer on a Cu substrate. Improved OER activity with an overpotential of 300 mV at a current density of 100 mA cm-2 and a Tafel slope of 47 mV dec-1 was observed for optimized NiFe1.5@C1 (NiFe@Co(OH)2) catalyst. SEM confirms the beneficial effect of the underlayer on the stability of deposited NiFe LDHs films. Ni-O-Co and Fe-O-Co interfacial synergy was observed in Raman analysis, and TEM images support the formation of a nanocrystalline, defect-rich heterostructure, linked to improved conversion of OER intermediates. A negative shift in the Fe 2p binding energy is observed in XPS analysis, indicating an increase in the electronic density around Fe. An increase in the double-layer capacitance from 0.084 F cm-2 to 0.31 F cm-2 is observed by EIS, confirming strong NiFe LDH/Co(OH)2 synergy. Operando SECM also confirmed the underlayer effect, as NiFe1.5@C1 exhibited the lowest OER onset potentials (0.35 V vs Ag/AgCl and 1.37 V vs RHE) and more active sites. Overall, this study reveals the underlayer-mediated design of LDH-based heterogeneous electrocatalytic materials for water splitting.
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