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Abstract

The potential of solar energy harvesting strategy using semiconductor materials has received a
lot of research interest to overcome the increasing demands for renewable energy production.
In this regard, hydrogen is considered a clean fuel in the development of renewable and
sustainable energy sources. The solar light-driven photoelectrochemical water splitting into
hydrogen and oxygen is considered a promising strategy for renewable energy as both solar
energy and water are limitless natural resources. In recent times, various novel semiconductor
materials are being used, although the majority of the materials have significant drawbacks.
The present thesis focuses on fabricating semiconductor nanostructures photoanodes and
employing different strategies to enhance the solar light-driven PEC water splitting activity.

In order to perform work in this direction, a facile hydrothermal method has been
utilized to synthesize the sodium niobate (NaNbQO3) in different morphologies such as nanorods
and nanofibers. The structural, morphological, and optical analysis have been performed of the
synthesized NaNbO3 nanostructures. Moreover, a comparative study among the prepared
NaNbOs3 nanorods and NaNbO; nanofibers photoanodes for the photoelectrochemical (PEC)
water splitting application has been carried out. The PEC performance of the NaNbO3
nanofibers photoanode has been observed to be higher as compared to NaNbO;3; nanorods
photoanode. The photocurrent density of NaNbO; nanofibers photoanode is observed to be
2.75 mA/cm? at 0.9 V vs. Ag/AgCl, which is ~3 fold enhanced in comparison to NaNbOs
nanorods photoanode. Furthermore, the NaNbO3 nanofibers photoanode exhibits an incident
photon to current conversion efficiency (IPCE) value of 7.2 %, which is ~2 times higher than
that of NaNbO; nanorods photoanode. This comparative study demonstrates that the variation
in the morphology of the nanostructures is extremely favourable for achieving efficient solar
light-driven PEC water splitting application.

In order to enhance the PEC performance of NaNbO3, metal silver (Ag) nanoparticles
have been decorated by a simple chemical solution method onto the surface of hydrothermally
grown NaNbOs3 nanorods for the fabrication of efficient visible light active Ag decorated
NaNbOs3 nanorods photoanode over fluorine-doped tin oxide (FTO) substrates by a spray
coating method. Presence of Ag nanoparticles in the nanocomposite affects the optical
properties of NaNbO3 nanorods and significantly shifts the photoresponse to the visible light
region, which is attributed to the plasmonic effect of Ag nanoparticles. The PEC performance

of the prepared photoanodes has been studied. The Ag decorated NaNbOsz nanorods



photoanode exhibits ~4 fold higher photocurrent density (3.54 mA/cm? at 0.9 V vs. Ag/AgCl)
as compared to the NaNbOs3 nanorods photoanode. This enhancement in PEC activity of Ag
decorated NaNbO; nanorods photoanode has been attributed to the stronger visible light
absorption due to the plasmonic effect of Ag, low recombination of photogenerated charge
carriers, and high charge carrier concentration as compared to NaNbO3 nanorods photoanode.

In order to further improve the PEC activity, another strategy for efficient separation
and slow the faster recombination of photogenerated charge carriers of the silver (Ag)
nanoparticles grafted onto NaNbO3 nanorods (Ag-NaNbOs3 nanocomposite) is to combine two
effects simultaneously, i.e., coupling of plasmonic effect and piezophototronic effect. Efficient
coupling between semiconducting, optical, and piezoelectric properties such as coupling of
piezo-phototronic and plasmonic effects in as-prepared photoelectrodes has been demonstrated
to improve the efficiency of PEC water splitting performance. It is noteworthy that the Ag-
NaNbOs (under light with ultra-sonic vibration) nanocomposite photoelectrode exhibits
significantly higher PEC water splitting performance. A ~9 fold and ~5 fold enhancement in
photocurrent density (9.65 mA/cm? at 1V vs. Ag/AgCl) and IPCE photoresponse (29.6%) for
Ag-NaNbOs (under light with ultra-sonic vibration) photoelectrode as compared to bare
NaNbOs (under light without ultra-sonic vibration) is achieved, respectively in PEC water
splitting activity. The enhancement in the PEC performance of Ag-NaNbOs3 (under light with
ultra-sonic vibration) has been attributed to the coupling of piezo-phototronic and plasmonic
effects together. The surface plasmonic effect due to the presence of Ag nanoparticles expands
the visible-light absorption part, and an alternating build-in potential is generated under
periodic mechanical strain (piezo-phototronic effect) in NaNbO3 material enhances the drift
and separation of the photogenerated charge carriers. This method has been demonstrated as a
novel strategy for enhancing the performance of silver decorated semiconducting/piezoelectric
material for achieving efficient solar light-driven hydrogen generation.

Finally, in order to increase the efficiency of a single semiconductor, the formation of
semiconductor-semiconductor-based nanocomposites has also been attempted. A visible light
active graphitic carbon nitride (g-C3N4) nanosheets coupled with hydrothermally grown
sodium niobate nanofibers (NaNbOs-NF) photoanode have been fabricated using the spray
coating method. The g-C3N4/NaNbOs3-NF (4-CN) nanocomposite photoanode exhibits ~3
times higher photocurrent density as compared to NaNbOs3-NF photoanode under light
illumination. The formation of type-II heterojunction among them has induced a built-in
electric field in the depletion region, resulting in faster separation of photogenerated charge

carriers and enhanced charge transfer efficiency at the semiconductor/electrolyte interface. The
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strategy of coupling visible light active g-C3N4 with UV active materials has been demonstrated

to be a favourable method for visible-light-driven hydrogen generation.
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RIer

3eTH F5ll 3cUTeel T dGal HGN Pl gL Al & foIv HTereh qerf S 39T Hleh
AR Sl Hodel AT Y &TACT o Sgd 310 A efa gred & &1 38 @e &,
37879 3R s FaT Aidal & O &7 gesiel & Ueh Ta<a ST HT SdT o
IR gehrer-arfeld (PEC) STl &l gT8aletel 3iR Aierdletel H [asnioid el 3787 St
& ot T 3mesids WEAfa AT STdr § it G Fott 3R T gt g 3rafAd
Wi FETH 1 gTel & faalt &, RAffesr Avs srefererss geredt &1 3uer far s
T 8, glefiter 3ifReier gerdf & Ageaqul &iAAT §1 adAe Nf&F (Thesis) PEC
S e afafdf & e & T 3tEes AdcFR Blevasy 96 3R
faffiea et & FAfSa = ) Hiea §

g 2 & #1 Fa F AT, SaRsg 3R Aawssy o [Affie 3meRdr
H QIf3TH AT (NaNbO3) &l AT Hal & TAIT Teh AT STrdrdiy fafer &
39T fRar r g1 G NaNbO; seled=R &l TlT«llcH®, ®cHe 3R
TR faeawoT fhar o g1 3@ 3remar, YeRIdegd IHAfAS Stel faemmster
3FFART & fAT IR NaNbO3 #AeiRIgd 3R NaNbO; Ae1hIgsdl BIeIv=AIsH & i
Teh JelellcHeh TG fohar a1 &1 NaNbO3 AA«lhigs’T BIIUaAIS &1 PEC Jeei
NaNbO; #eiRISH BIEITAIS T Jelell & 3Hfeh 2@ 3T &1 NaNbO; wAeiIhrgedy
HIEITATS T YT URT el 2.75 mA/cm? at 0.9 V vs. Ag/AgCl TR ¢&@T a0 &,
St NaNbO; wA«iRISH BIRITAS T Jelell H ~ 3 AT JgT g3 gl $Hb e,
NaNbO; A=IhISad BIETaAS 7.2 % 3MUfdd Wield ¥ fdegd urT & aRade &
&HAT (IPCE) el &ar &, St NaNbO; AeiRISH BIIUas T Jefell H ~2 I
318 §1 I JolelicAsh T Ml & & Ferel PEC Siel Tasfisiet 3rgorier s
uIed e & fAU dAeiecaer & HehRer & Beetdl Icdd il Bl

NaNbO; & PEC Ygdld &I &gl & fav, Fardig-fawfdd NaNbOs;
AARIZE H FAg W Ui, FeaX (Ag) AIRUll T Teh FTUROT IARIAS [Ferge
fafer @Ry et ar a1/ a7 3R HAT ET  YRIT Aishd Ag ST 3T NaNbO3 ARIsH

~

H FeNA-sics e 3ifFarss (FTO) Hsdge T ddg W ¥ @ifder fafr ganr
WICITAIS AT T & dAddihediiole H Ag alailhull $r 39gfad NaNbO; AaRIZH
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& YehIfIeh 0N sl Jofded Il & 3R 8T 9l &F # gehrwfafshar v
FAcaYUl T § FAEARA F &l &, o Ag sieitenvil & CaeAlleieh gerd & o
fSFATR e JTAT 1 R ®Ieivasd & PEC Yedlel &T 3egysT fhar = g
Ag TSTT 31T NaNbO; A«iRIgH BIEITAIS, NaNbO3 wAdRISH WIS &I Jolell &
~4 AT HfAF FehTer URT weAed (3.54 mA/cm? 0.9 V vs. Ag/AgCl) SEfRid &
€1 Ag HIT a0 NaNbO; aIsH HIeIteIs i PEC aifafafer & s& gefer &1 Ag
% CEHIfeIeh T, BIEToleiRes Tl HiRAY & A Goidisle 3R NaNbO; #«iRisH

~

BICITGATS &I Jolell H 3T dlel dlgeh Hiadl & HROT Aol G2d  Fehler aRiivor
& v fSFAeR gt 3 gl

PEC sifafaf® &I 3Rk dgak §a1«r & folv, NaNbO3 =Rz (Ag-NaNbO3
nanocomposite) W HSY AT Ag AUl & HIEIslRes dlsl HRAT & FAA
qUFHRIOT AR ol A GRSt 1 AT A & [T v 3R W0EIT vw @y oar
JHTET T FATAT ST §, 3T JoAT ol Fo1d R disi-wlereiae germa|
PEC Siel fq8frsiel Teeiel & gafdl & JUR F¥el & folv TR Biisddcs d dsil-
BIcIglioleh AR CelEAled Jerral o JoHAT S 3earelsh, Tehiideh AR deiigaiacs
gwﬁé:aﬁagwmwwm&ﬁaﬁmw%wgm%%, Ag-NaNbO;
(3TecT-AfAew U & T TH1T #H) Adlnedifoic hlelsdaels wrihT 3Ta PEC ST
foTeTer &THaT ueiia #ar &1 Afds NaNbO; (3Tecl-8lfaeh H9 & 9T bl &
cgc) I Joiell & Ag-NaNbOs (3Teer-Hlfdieh huel & Y Jh1el & dgel) BleIgalacls
& AU YTl ORI Gelcd & ~ 9 I (9.65 mA/cm? at 1V vs. Ag/AgCl W) 3R
IPCE wehRrofaifshar (29.6 %) PEC Siel faemmsier aifafaf®r & ~5 1= gefer gree &
AT &1 Ag-NaNbO;3 (3feer-Aifais &ued & AT YT & ded) & PEC Yedad &
gef & Pef-wiereifae 3R ceEAle gamEl & Uh @Y oA & v fSFAer
SET AT g1 Ag AiIahull I 3UTEATT & HRUT HAG TollTAlTAh THT  gRT-HehTer
31GNYOT T T fAEAR AT &, 3R NaNbO; Imel & 3mafde aifys dae (fe-
B ol YHTd) & ded Ush dehfedd 3idfeligd [A9d 3cesl 8ldT g, it BleialeiRes
TSl & FgTd 3 U0l &l Felal &1 3T VN FehRI-ATied gIsglelel 3cdles UTcd
A & AT Ag & FaTU 0 3E=TAh/degdidesd Tt & Jedld &l Joi & fou
30 qeufd & T A WHETT & & # Jaidd fomar 3 gl
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3id #H, Uohel dATelh HT G&IdT deld & folu, 3reiarae-3reiarae 3memRd
AARFaIoie & TS T o g fohar T B U g™ YT IAfhT Iwsiesw
FIEA ABCIES (g-C3Ny) aficHd & Joaddiy ¥ 4 Af@a difsgdm as3iee
Aarpsad (NaNbOs-NF) & ary fHeme, T Fiféar faftr &1 3uaer i, wleivars
ST T §| Fher AR A NaNbO3-NF BIAITAIS &l Jefell # g-C3Na/NaNbO;-
NF (4-CN) siepeaifole HleItals, ~ 3 a1 31fAed Jehrer URT efcd FafRid &
gl 3T I TRY- Il g & TS o HAl &7 H Th JHdfiaa [&aegd &
F R fFar g, fores aRuTAasT BleieeRes @l HRIG # ot § qUaoT
IR IATAH/FAFLASE SXBA H dlol TADT S&TAT A IS 85 &1 SRTAT Thn
Afha g-CsNy 1 UV &ishd derel & @y JTAd el &l WET HT aF Fehrel-
A BT3IeTe 3ol el & IV Tk 3elohel AT & &7 7 yefda fomar o
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