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ABSTRACT

Solar energy is the largest reservoir of energy that can be utilized to address the current energy
crisis and rising energy demands. One of the most attractive ways to harness solar energy is to
directly convert it into a storable, renewable, and sustainable fuel, such as hydrogen. One
promising approach is to use a photoelectrochemical (PEC) monolithic device where the light-
absorption and electrolysis of water both occur at the same place.

In this thesis, modified Cu.O (Cu.O nanowires based p-n homojunction/KTaOs/MoS>) and
BiVO4 (Mo-W doped BiVO4/Co-Pi/NiFeOx) based photoelectrodes are being suggested as the
promising photoelectrode materials for the photoelectrochemical water-splitting for H>
production. Detailed investigations were carried out on both Cu20 and BiVVO4 to determine the
factors responsible for limiting their water-splitting capabilities. Certain plausible solutions
were suggested and efforts were made to address the critical issues, such as overpotential losses
due to the rapid recombination of photogenerated charge carriers. Various modifications to the
Cu20 photocathode were carried out, such as the formation of 1-D Cu20 structures in the form
of nanowires, development of a buried Cu>O p-n homojunction, overlayering with KTaO3 and
co-catalyzing with MoS,. Improvements to BiVO4 were also done to enhance its photocatalytic
performances, such as doping with Mo and W, improving OER kinetics by co-catalyzing with
Co-Pi and NiFeOx. A conventional dye-sensitized solar cell (DSSC) was developed based on
the TiO2 working electrode and Pt counter electrode.

The planar unmodified Cu2O photocathode was capable of generating only -2.82 mA/cm? of
photocurrent density at 0 V vs. RHE, resulting in only 62% of Faradaic efficiency. The
performance was enhanced when the size-scale was changed to 1-D where the current density
obtained the value of -3.97 mA/cm? at 0 V vs. RHE, and raising the Faradaic efficiency to 82%.
Formation of Cu.O nanowires based p-n homojunction resulted in the generation of

photovoltage of +0.9 V vs. RHE, and improved the photocurrent density to -7.42 mA/cm? at 0



V vs. RHE. A surface protective layer of KTaO3z was applied on to the best performing
photocathode sample, and a layer of 199 nm of KTaOs improved the photostability of Cu20 to
84 hours under illumination. Co-catalyzing the protected Cu,O with MoS; caused the
photocurrent density to increase drastically to -11.1 mA/cm? at 0 V vs. RHE in an electrolyte
of pH 4, in the presence of ethanol as a sacrificial agent. The Faradaic efficiency of the modified
Cuz0 was 95%, producing around 186 mmol/cm? of Hxfor 84 hours under illumination.
Photocatalytic properties of BiVOaswere observed to increase by doping with Mo and co-doping
with Win the weight ratio of 1:1, where the photocurrent density achieved was 4.27 mA/cm?
at 1.23 V vs. RHE. Co-catalyzing the doped BiVO4 with Co-Pi raised the value of current
density to 5.6 mA/cm? at 1.23 V vs. RHE while maintaining the stability for 12 hours under
illumination. Coating of the modified BiVO4 with an excellent OER photocatalyst NiFeOx was
observed to increase the current density to 6.21 mA/cm? at 1.23 V vs. RHE. The developed
photoanode was stable for 32 hours in an electrolyte of pH of 9 and 18 hours at a pH of 4. The
applied bias-to-photon efficiency (ABPE) of the developed photoanode was 2.48% which is
the highest ABPE achieved for BiVOa. The in-house built DSSC exhibited the conversion
efficiency of 6.7% with 0.8 V as the open-circuit voltage.

A stand-alone PEC device employing the developed Cu2O photocathode and BiVO4
photoanode, and driven by an in-house built dye-sensitized solar cell (DSSC) was fabricated
and tested towards the hydrogen generation. The current density produced by the constructed
PEC device was around -5.8 mA/cm? at 0 V vs. RHE in the pH of 4 with the stability for 15.2
hours under illumination. The un-assisted solar-to-hydrogen (STH) conversion efficiency of
3.3% was achieved, thereby setting a benchmark for a PEC device based on Cu20 and BiVO4

photoelectrodes.

Vi
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AR FAT FAT T TG 997 HER § FTHT 3TN AT Foil Fohe AR Fgat ST A9 &
FaIfd el & o foRam ST dhar g1 SR ST &7 alged el & TaH 3ThYh et H &
TH 30 WY dR W T& gaeR, Adiesioid 3R R&F sua & sqoer g, I gsgiad|
T 3MeATSlieh TSChIUT Udh Wieisadciicie (PEC) 37@s f3asd &I 39T FlT § STgl
TRIR-3TTNYOT 3R Uil & SolFeiolfad il Ueh & T W i ¢l

sg AT &, IM™T Cu,O (Cu,O nanowires pn homojunction W KTaO; / MoS,) 3R
BiVO, (Mo-W doped BiVO, / Co-Pi / NiFeOx) W 3R WIcISaacls dl BIeIgaacloldh
qTeT-FEcafear & v 3mensieis Bleigeacis A & &7 H ST ST ET g1 3ol I=i-
JCak T STAAIIT P WfAT Il & v TFAGR FRHI A FUROT et & v Cup0
3R BIVO, kel W faedd Sifar &1 a1$| $& JATAT FAHT AW 1T & AR Ageaqor
e} T FEOA e & T BT T 9, SR B BIOSAs 9 ates & el & qerdaea
¥ FROT AT TFEA| Cu,0 WS F T % Heluar frw 1w, 3 fF nanowires
& ¥ H ¢-D Cu,0 TITTAT3T FT FATOT, T s18 Cu,0 p-n AT #1 fahE, KTa0;
& Ay 3NN, 3R MoS, & &1y #g-3c9Rd glaT| BiVO, # FUR 584 hleiheidicsd
vede @ dea & faw off fanar amar an, S fF Mo 3R W & @iy i, Co-Pi 3R
NiFeOx & &Y Hg-3c0Reh @RT OER $Haldldrd # UR 1| Teh URIRS S5-dfAcgss
ek Tl (DSSC) &I TiO, afeheT Selaels AR Pt I3 Soldgls & IMUR W faefaa fhar

T AT
TR 3TAISHIES Cu,0 Wehadis 0 V vs RHE & &hadl -.¢: mA / cm? photocurrent
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9 RHE & FUR 37| KTaO; T Th Fg HRETcAS T Pl To 30T Tedel el
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3c9Rd a7 & photocurrent sicd & WU ¥ & TH Solgctase § 0 V §d0 RHE W)
Th ol & &9 A gl hT URRAfT F -22.¢ mA / cm® F IcARRE gRE gFl @i
Cu0 T HUifseh E&Tdr '9% AT, ST AT & dgd 84 el & U Hy, & 2¢& mmol / cm?
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