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Abstract

Renewable and clean energy is the global need of the hour, and the hydrogen economy is the
way to meet it. Out of all the currently practiced and prospective technologies of hydrogen
generation, photoelectrochemical water splitting technology is the most efficient technology
because it needs only sunlight to split water into hydrogen and oxygen over a designed catalytic
surface. The photoactivity is the most critical feature of the catalyst because it controls the rate
and efficiency of the water splitting process. The photoactivity of the catalyst can be enhanced
either by designing a new material or by redesigning the existing methods of using the known
materials. The presented thesis identifies three new ways of enhancing the photoactivity of the

already known TiO2/C3N4 heterojunction catalyst in the photoelectrochemical water splitting.

A simple method for depositing a thin film of two-dimensional exfoliated carbon nitride
(eC3N4) nanoflakes on a substrate using a centrifugation technique has been developed,
whereby solvent evaporation is prevented, and solvent reuse is possible. The centrifuge
technique of deposition yields uniform, smooth thin film irrespective of substrate surface
texture. The deposited TiO2/eC3N4 film studied, through a scanning electron microscope
(SEM), atomic force microscope (AFM), and optical surface profilometer, shows a variation
in surface roughness based on centrifugation speeds. Initially, film coverage improves, and
surface roughness decreases with the increase in rotational speed of the centrifuge, and the
surface roughness slightly increases with further increase in the rotational speed. The
photoelectrochemical (PEC) studies of TiO2/eCsNs films, including linear sweep voltammetry
(LSV) and electrochemical impedance spectroscopy (EIS), suggest that the centrifuge
technique forms better heterojunctions compared to that by spin coating technique leading to

enhanced PEC water splitting.



To eliminate the use of a solvent in depositing C3N4 thin films, a new approach that deposits
stoichiometric C3Na4 thin films through radio frequency magnetron (RFM) sputtering using
pelletized gC3N4 powder as the sputtering target has been discovered. Thin-film samples are
deposited on different substrates under Ar and N2 as plasma media for different durations.
These samples are analyzed by SEM, transmission electron microscopy (TEM), AFM, X-ray
diffraction analysis (XRD), X-ray photoelectron spectroscopy (XPS), photoluminescence
spectroscopy (PL), Raman spectroscopy, and PEC studies including chopped light
voltammetry, incident photo-to-current conversion efficiency, and EIS. The use of Ar as the
plasma medium allows the formation of a thin film of stoichiometrically conservative C3N4 in
the TiO2/C3N4 heterojunction sample. The PEC and PL studies concluded that the TiO2/C3N4
heterojunction formed under Ar plasma offered a higher current density and lower impedance
as compared to that offered by the TiO2/C3N4 heterojunction formed under N2 plasma. It
signifies the beneficial use of compressed C3sN4 as the sputtering target to form a stoichiometric
and photoactive C3Na thin film without the difficulty in controlling the N2 gas flow rate with
graphite as the target in the sputtering process. Moreover, the sputtering process does not
require the formation of any dispersion for thin film deposition, and therefore the need for

solvent in thin film deposition is eliminated.

To enhance the contact area between the substrate TiO2 nanostructure and the sensitizer C3N4
thin films, a stemmed nanoflower structure of TiO2 has been synthesized. The TiO2 nanoflower
array linking to stem on a Ti foil is synthesized by thermochemical digestion of titanium at 80
°C by hydrogen peroxide and hydrofluoric acid solution. TiO2 nanoflower comprises the
anatase TiO., which encases the Ti metal core as seen by TEM, XRD, XPS based depth profile,
and energy dispersive X-ray based elemental mapping. The physical analyses of air annealed
samples verify the prominent presence of anatase (101) and anatase (200) crystals of about 35

nm size. The photoactivity of TiO./eC3N4 heterojunctions in PEC water splitting has been

Vi



assessed for the heterojunction formed by the TiO> nanoflower with C3Ns4, and the same is
compared with the heterojunction of TiO2 nanotubular array and C3Ns. It has been found from
LSV and EIS that the TiO./eCsNs heterojunction formed by the synthesized stemmed-
nanoflower of TiO; offers superior PEC activity towards water splitting as compared to the one
formed by TiO2 nanotubes. A method to recover the spent hydrofluoric acid from effluents of

the thermochemical method has also been identified.
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318 3R Wag St [a% BT AMARID ATTIH T § 3R gTIg o ITawl S8 )T HA
BT RIPT 8| FTSg oM Sl & g gadH H vraferd siR HId dd-ia! & & U faggd
A S fAUTo -1 Tad HRIA ahb-1d ¢ Fidh 39 U IRIId GRS T8 R
BISgIoH 3R fRfe # Uil & faHTord S & it bact gd & U B SHTaebdl
Il 8 | TP FlhTdl IERD B! e Hgaqu] (RN & Hifds Jg STl faHTeT fhar
B X SR T&dl B FART PRAT 5| SERP DI YSIRIG Ffehddl AT dl T Y Ya&rd bl
AT BB T 1 AR & IUANT & Hial diib! i fh ¥ GF: WRId B dgml
ST 8 | URdd =Y s UehTeT faggd IMmafe ofd faursH # ugd ¥ & J1d Tioa/CaNa
BERISIIR IARD I UBIRIB TfehTdl bl I¢H & oI ¢ RIh| B! Uga BT 8 |

TS HUDB I dD-1D DI FUART IR T e e TR g3 TeRIhIdEcS HIa- A15C3s
(eC3N,) B! Teh Uaiell fthed STHT 3 & for wep wva faft) fassfra o1 718 8, fore e
ITIHRUT P AT ST §, 3R fAAa® BT G IR THT g1 YR BT 3Ubie
ddb- qedec Jdg §-de & Sraee 9, et uda fieed <t 81 b gadeH
HIZH DY (SEM), TRHTY] 5 HIZHIBIT (AFM), 3R PHE Tdg MbIaHIeR & ATy
3 T 1 7T STHT eC3N, Thed, ST 7T & SMUR TR ds GRE19- | [zaT feard!
g1 URH T e okl § GQUR 8T 3, 3R rudbied @t guff wfq & afg & Iy wds
QYT HH g1 51l &, 3R gulf 7fa & oiR g & Iy Tag QReRu+ AST 9 Sl |
TiO2/eC3N4 The & UaTRT faggd YA (PEC) SieqaH, forad aifar g dieedict
(LSV) 3R ARG HPT ST WaRDIUT (EIS) AT €, BT Hel § & Jwgs
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J-1dh U DI A1 D] g H S8R gexIoiaR S §, il fdb PEC dfeR e
ARG

C3N, Tl el b1 STHT 3 | Uep fadiides & U o1 WeH DI & T H, Tb 71
T, ST o Xfsar gty AU (RFM) & AW T TR @60 & =0 H gC3N, BT IUAN
P stoichiometric C3N, TA [T BI STHT BT &, BT Tl Il § | Tl fhed! &b T
SITT- ST 3Mafe & fore wireHT Mifear & =0 & Ar 3R N, & d8d fafid Istice WR o
fhT ST § 1 37 A1 &1 faRAwur SEM, THIfRIA SadeiH AIZh RGBT (TEM), AFM, Ta-X
faad fa=awur (XRD), TRI-X WIcISaagi- WaeRDIUT (XPS), IeIeg (iR Wag e Ul
(PL), 3fR I Wb gIRT faa ST 81 PEC 31exa, S8 el g3 YT dleeHel,
MU WieH-3-faggd 4RI SR gerT 3R EIS Hf e € RFM el a&-is &
HTEH ¥ 73T Ti0,/C3Na BeRISaRM THAT IR fHd MU §| Wi A1e9d & &9 H Ar I
ST TiO2/C3N4 GexISIaRM AT H stoichiometrically &f¢argl CsN, &1 U Tdd! fthed
& 6 B STAR <dl § | PEC SR PL 3R = fsew fAdprer fos Ar witeH & dgd Tifed

Ti02/C3Na BCRISARI A N, WITSHT §RT TS TiO2/C3Na BeRISaRM &1 gl H 3o fagyd
YRT O SR HH URISTY 31 U= S1 | Ug R Ufshar § e & U § ABIee &
1Y N, T TaTE &R Bl FAAd B B BISATs & 91 U stoichiometric 3R TbTRI Aichd
C3N4 I Idalt fhed 99 & oIl el d8g & 0 § Juifsd C:Ns & ATHBRT STINT
I AT 51 ST SIATaT, WA Uiohal 1 uael fihedt Fmior & forg fonddt Thara bt
ALl el gldt 8, 3R SafeT ydel ftber Faior & fodrye & siaaehdl IHTw &l
iG]




ST TiO, THRCaR 3R ARIEZTR €N, Tdel! fher! & st Tud &9 &l SgH & o,
TiO, & U 1T fagd URAd AP ReaaR S T=Ad foam a1 81 Tio, Ta R d- ¥ IS
BU TiO, A TITaR JRUT I gIggior RIES 3R eRewiRisd RIS faem gRrT 80
°C TR TS MU & IERT™D U gRT U= {61 ST 81 Tio, AHIvTeR | TS
TiO, /M 8, S TEM, XRD, XPS STUTRT ST UIthTSd, R Hll e aTel TaRi-Y SR
difd® AHRE (Energy dispersive X-ray based elemental mapping) & 3R Ti 4Tq
HR B W U &1 I annealed AT & HIfdH fARAWN 7 T 35 AR HR &
TATCH (101) 3R TAICH (200) fored &1 U@ Ul &1 Fefid fowan| ot & faure
T Ti0,/C3N4 BERISTARTT B lcIufaeiac] &1 et TiO, AU & 1Y C3N4 GRIT
SIS TS ReRASiaRE & o fbar T, @R SHeBt qorT Ti0, SIeEeR IR F Y
C3N4 GRT SIS 715 GeXISiaRM ¥ 1 STt g1 LSV 3R EIS ¥ I8 UrdT 71T foh SERNE™-®
UTeF gRT URANd 99 ¥ I8 gU Tio, A UdIdR TRUN GRT TEd TiO2/C3N4 BeRISiaRM,
TiO, T TRUN GRT TS Ti0,/CaNa BeRISIaRIA &1 Ja-T H U & fayTer @1 fazm &
g PEC T UeM FRal §1 SERNAHS ura- afy & oyt ¥ wd fhw M
SISSIIRIg® URTS &1 G: W &1 T fafy ot ot uga= &1 718 5
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