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Abstract 

The development in renewable energy sources is growing rapidly to compensate for the ever-

increasing energy consumption demands. Storing solar energy in the form of green fuel like 

hydrogen (H2) has been given much importance. The photoelectrochemical (PEC) water splitting 

is an efficient way of producing H2 and oxygen (O2) simultaneously in a single cell using sunlight. 

The hematite and bismuth vanadate (BiVO4) based-photoanodes stand out due to their narrow 

optical bandgap, long-term stability, nontoxicity, and earth abundance. The present work focuses 

on the fabrication of nanostructured materials by different methods such as electrodeposition, 

chemical route, and sputtering for application in PEC water splitting. The hematite nanorods 

decorated with NiMnO3 co-catalyst photoanode was prepared by a simple two-step hydrothermal 

method. NiMnO3 suppressed the charge-carrier recombination on the hematite and significantly 

decreased the photoanode-electrolyte interface charge-transfer resistance. 

The performance of BiVO4 was limited by the surface states electron-hole recombination. This 

was addressed by devising an integrated photocatalytic (PC) and PEC system to achieve enhanced 

water oxidation performance of a BiVO4 photoanode. The reduced gC3N4 (R-gC3N4) photocatalyst 

was suspended in the anode compartment electrolyte of the PEC reactor to integrate the PC-PEC 

systems. The R-gC3N4 produced hydroxyl radicals and hydrogen peroxide in the electrolyte, which 

reduced the onset potential for oxygen evolution reaction (OER) at the BiVO4 photoanode. 

The performance of BiVO4 was further enhanced by preparing a heterojunction with WO3. The 

WO3/BiVO4 heterojunction was synthesized by sputtering WO3, followed by spin-coating of 

BiVO4. The sputtered WO3 enhanced electron-hole separation in the heterojunction. The 

incorporation of Cr into NiFe-layered double hydroxide (LDH) co-catalyst increased the electrical 

conductivity of LDH. This resulted in an enhanced charge-carrier transfer with significant 

promotion of the OER kinetics. The heterojunction with sputtered WO3 underlayer and NiFeCr-

LDH co-catalyst provided photocurrent density of 4.9 mA cm-2 at 1.23 V vs. RHE with an incident 

photon to current conversion efficiency (IPCE) greater than 56% in the 350-470 nm range, with 

H2, and O2 evolution of 98 and 47 μmol cm-2 h-1, respectively.  

Furthermore, the patterned metal grid was sputtered under the WO3/BiVO4 heterojunction to 

reduce resistive losses and improve the homogeneity of distributed potential in large-area 

substrates (5 cm  5 cm), and thus increased the PEC performance of the heterojunction. A PEC 

reactor was designed to enable electrolyte flow which exhibited prolonged stability of 80 h owing 

to fast bubble detachment from the photoanode surface and reduced the crossover of gas products. 

The electrolyte flow replenished the H+/OH- species near the electrode surface, which resulted to 

suppression of pH gradient across the electrode. Overall, the study was focused on the 

development of electrochemical engineering strategies to achieve enhanced PEC performance of 

large area photoanode. 
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