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Abstract

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 Hz and oxygen (O2) simultaneously in a single cell
using sunlight. The hematite and bismuth vanadate (BiVO,) 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 NiMnOs co-catalyst photoanode was prepared by a simple
two-step hydrothermal method. NiMnO3z 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-gCsNa)
photocatalyst was suspended in the anode compartment electrolyte of the PEC reactor to
integrate the PC-PEC systems. The R-gCsN4 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 BiVVO4 was further enhanced by preparing a heterojunction with WOs. 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
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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 cm2at 1.23 V vs. RHE
with an incident photon to current conversion efficiency (IPCE) greater than 56% in the 350-
470 nm range, with Hz, and O, evolution of 98 and 47 pmol cm™ ht, 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 x 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.

Vi
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ar
Tt STt WU B AT T AT H % fore Tt Sit @il o forehra & 3 & afg & & & | 9 st
& ¥R % foTT SIS (H,) S Tk sfelf o &9 ol 95 Hecd foam T 8 | werfreh feregq wmafeht

(7.F9.2.) ST o ToRTT ST HEE § T & A H AT IS ok Tk | BTEgeH SR STEEISH (0,)
T IATET AT T T aiehT | 2Herse 3R forrer 3mee (BiVO,) Senfid wehifrh erm 319 31
TR IS Siawre, deiemfore feora, fFraferasmar ot qeeft § weEar % R wee 3w ¥ | adAe w
.13, St s # swai 3 fore At vared & fmfor 3 fafie ol S soegemitsee, tamfis
T, 3R Tefar W Hfsa 71 NiMNO; H2-3as & it 29erse A-IIgH JehifTeh ST I Teh Tt 3
gr-=ofte Siardt fafer g dam fomm a8 1| NiMnO; o 2HeTse W STTeRT-aTedh qad s o ga faar
3R TR SATr-fereIaeTTEee SRS H STIRT-THIaRoT o Sfler st Tl 60 o faam |

BiVO, 3T Jexi Hae STareetsil # Seag-aiet o TEeISH T EfHd o7 | $HhT Sae TohTiieh Soreh
(37.3.) ¥R w.fa.x. yomeft =t wehishd en foram T, fraeh aftomee®T BiVO, YeRTRTeh €T W aTHt
FHTerEToRLoT o JE¥ H g 8% | 7.3, TR W.I0.T. Surrelt i Tehishd oA o fIg 31a=rRid gCsNy (R-gC3Na)
eI o i .3, Nagex o o fomr arer fergrasraeea # aitaifod o feam @ | R-gCsNy
forraeTrae 7 Trsgiieact ewed 3 SIS quedTse 1 3cared fopar, fSem BiVO, wehfirh ommr o
Ha IS Iosa SAMTRAT (31, 3. 31.) o [EAT o T AT e i HH H (T |

BiVO4 & W3 &l R 3ifersh sig & faw , BiVO, &1 WO; & @1 U foawmsfey samam i |
WO3/BiVO, fasmafy it dam s & e wget WO; =i Tefir gry s ma, s6e a1g BiVO, &
Req-hiféT & Wi | Ted WO; 7 fawmefy # soiagH-ald o T & dern | NiFe-tiae saa
BTEgHTsS (LDH) 62-3ce # Cr ! 84t & § LDH i forerd =eterdt | gfg g3 | 396k Tiomarsy
HTRT-ATE o TG | g & qro-arer 7. 3. 1. Tiaehl # Grelep s[gran g7 | T9es WO; Faefieds
3R NiFeCr-LDH T&-3%& o a9 IR fopd Tu fowmeifer 7 4.9 mA em? (1.23 V 9@ RHE) &1

TeRITRTeh &I oFcd, 350-470 nm €91 § 56% & ARk IPCE a2 Hy, 3T O, &1 shHTT: 98 31T 47

pmol cm h Jeare feam |
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38 Sfafen, | arg fre it WO3/BiVO, & i wred forar ma, e el Jerem st & fopa s
T TS 8AHA (5 cm X S em) F ST T Al o [IqL0T i FHETAT H GuT o2 ST &, 3R 36
ioTTEaEy fosmefer o 0.fo.2. vewi | 91 g8 | fargasteea o yare o forq weh w.f4.2. fueet it =avaht
TR, STk weeaey 12 He ot et et e, Tom 79 & Jedell i oS &Fha aTcl JeRIRTR O
HAE W ST § T A I AU fhar 3 7 el o STR-UR b H L 1A | Foreggastaeeg & ware |
TAFZIS TAE o T8 HY/OH™ 31 &t T+ T, Fomes aftormearey segie # ieer seurr i et gt
| Tt TR, I8 ST 91g &% aTcl SohTIRTeh ST H HATerehad W.1.T. Jexi &1 96 & o e for[
e ST Sarl % fasm o T o)
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