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Ph.D RESEARCH WORK:

Photoelectrochemical (PEC) method is considered to be a safe option for hydrogen generation.
A conventional PEC cell is established with a semiconductor photoanode and platinum (Pt)
cathode in the electrolyte solution. To achieve efficient splitting of water, the semiconductor
photoanode must meet the following criteria. (i) It should be photochemically stable with good
corrosion resistance in aqueous solution; (ii) Its conduction band edge should be more negative
than the H; evolution potential and a valence band edge should be more positive than the O,
evolution potential; (iii) It should have strong absorption in the solar spectrum region; (iv) It
should be a high quality material with low density of defects for efficient charge transfer and
(v) It should be low-cost. Unfortunately, to date, there is no such material that can satisfy all

above requirements simultaneously.

To improve the performance of photoanode or photocathode various attempts have been made
in advances of design, fabrication, and modification of semiconductor nanostructured materials.
Bilayered/heterojunction system of metal oxide semiconductors is one of the recent
strategies adopted towards improving the performance of the photocatalyst with inherent

merits.

The aim of the my Ph.D work was to develope a theoretical model for heterojunction systems
using DFT calculations and validating the same by experimentally preparing heterojunction

thin films and then performing PEC studies.

HETROJUNCTION SYSTEM STUDIED

a. SrTi03-Cu20 b. BaTiO3-Cu20 c. Cu,0-BaZrOs d. CUzO-SFTiOs e. Ti-F9203-CU2O and f.
Ce0,-Cu,0 heterojunction



Post Doc Work: Physical and chemical methods for the deposition of various metal
oxides and 2D layered materials and their characterization techniques such as XRD, SEM,

and UV-visible for the improved photoelectrochemical applications.

RESEARCH INTEREST

My research interests include the development of efficient semiconductor photoelectrode with
recent preparation techniques such as Rf- sputtering, molecular epitaxy, pulse laser deposition etc.
and its modification such as layering with bio-inspired catalyst, use of precious metals such as
platinum, ruthenium, and iridium as catalysts attached to a semiconductor, use of 2D graphene
based metal oxide semiconductors (as single oxides, mixed/layered oxides), and gradient doping
for efficient Hydrogen production. | would also like to perform first principles electronic structure
investigation for providing theoretical understanding of the performance of semiconductor with
respect to water splitting as the photoelectrode properties of a material strongly depend on the

electronic structure of the material.
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Nanostructured TiO; thin films sensitized by CeO as an inexpensive
photoanode for enhanced photoactivity of water oxidation
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Nanostructured CeO»/TiO; bilayer thin films were fabricated by sequential deposition of CeO, on TiO,
with varying the thickness of CeO, using sol—gel spin-coating method. All samples were characterized
by XRD, SEM, and UV—Visible absorption spectroscopy with an inspiration to use them as photoanode
in photoelectrochemical splitting of water. The CeO,/TiO> bilayer with the optimized thickness of CeO,
and TiO, showed enhanced photoelectrochemical response of 2.1 mAcm™at 0.95V/Ag/AgCl as

compared to pristine CeOz and TiOz. The improved photocurrent density of CeO2/TiO2 bilayer probably

Keywords:

Ce0,[TiO;

Bilayer

Photoelectrochemical response
Cost effective

Spin coating

applications.

due to rapid transfer of charge carriers or electrical gradient at CeO2/TiO interface. This scalable and
cost effective work with stable PEC performance of CeO2/TiOz also shows the potential for realistic PEC

© 2018 Elsevier B.V. All rights reserved.

1. Introduction

Solar hydrogen generation by solar water splitting in PEC cells
is the most forward-looking method in the recent time on ac-
count of hydrogen being widely accepted as clean energy carrier
[1,2]. This solar-to-hydrogen conversion process initiated from
the first PEC water splitting response of titanium dioxide (TiO3)
by Honda and Fujishima in 1972 [3]. Nowadays, TiO, is well
known semiconductor as photoanode due to its suitable band
positions, abundant, non-toxic, and stability. However, previous
studies on TiO; have found that its wide band gap of 3.2 eV ab-
sorbs only UV part of the solar spectrum and high recombination
rate of photogenerated electron—hole pairs due to its short
diffusion length of charge carriers are main drawbacks that
limited the photocatalytic activity and visible light response of
TiO; [4,5]. In this regards, extensive surveys have been carried
out on refining the photoelectrochemical response of TiO,,
Among the numerous techniques coupling of TiO2 with other low
band gap semiconductor with matching band edges positions
will be potential method to improve the utilization of visible
light and facilitation of photo-generated electrons and holes

* Corresponding author.
** Corresponding author.
E-mail address: dipika.sharma286@gmail.com (D. Sharma).

https://doi.org/10.1016/j jallcom.2018.03.228
0925-8388/@ 2018 Elsevier B.V. All rights reserved.

separation [6-11]. Recently, a nontoxic and inexpensive rare
earth material, Cerium dioxide (CeO,) has been received exten-
sive attention in photocatalysis as photoelectrode because of its
wide range of band gap (2.6—3.4eV) depending on the compo-
sition or method of preparation [12,13]. Excellent photocatalytic
ability of Ce0,/TiO; nanocomposite materials has already been
shown the extended photo-response of TiO; to the visible light
region and good thermal stability [14,15]. In present work,
nanostructured CeO/TiO; bilayer thin films were synthesized
through a low cost spin coating method with varying thickness of
CeO,, The resulting CeO,/TiO, bilayer exhibit remarkably
improved photoresponse than pristine CeO, and TiO; in 0.1M
NaOH. Pristine CeO3, TiO2 and CeO2/TiO bilayer thin films were
also characterized for structural, electrical and optical properties
with an objective of understanding the improved PEC perfor-
mance of Ce0,/TiO; bilayer.

2. Experimental
2.1. Synthesis of TiO> thin films

Nanostructured TiO> thin films were deposited using sol gel spin
coating method on conducting glass substrate (ITO). Diethanol-
amine, Titanium isopropoxide (TTIP) and ethanol were used as
precursors and solvent respectively. Precursors were dissolve in
ethanol and stirred for 3 h on a magnetic stirrer, resulting in
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ABSTRACT; Nanostructured thin films of Cu,O modified by overlayering
smo,mnmmmhuwamhmu

chemical (PEC) water iw
mt«a«mwmhmm,umomon&n
principles have also been pted to explain the enhanced charge
at Cu,0/SITIO, interface. Al samples were characterized using XRD, SEM, “
and UV-vis sp y. The infl o( rface modification of Cu,0 with 9
varying thickness of SITiO, on PEC e has been igated. Lox

Photocurrent density for Cu,0/5¢TiO, henmjmm with overall thickness i e -
of 343 nm at 0.8 V/SCE was found to be 2.52 mA cm™ which is 25 tmes £ *31% et Sves
w«mmam Cu,0 (0.10 mA e at 0.8 V/SCE). Theoretical ~ **

showed that the ¢l in SrTO, had large effective masses as
mpr:lmmumCu,OnmwmmanM

A8 4% 48 AT a4 8 44 @
Apcired Voage (VSCE)

mobility of photogenerated electrons in SrTiO, and strong mobility in Cu,0 leading to improved separation of charge carriers

lting in the enhancement of phot:

W INTRODUCTION

Photoelectrochemical (PEC) method is considered to be a safe
and highly promising method for hydrogen generation due to
several reasons: (a) PEC technology is based on solar energy,
wlldluapupaulmof«mgy and uses water which is 2
energy (b) PEC technology may be used

on both large and small scales, and () PEC technology is
relatively uncomplicated. Various methodological attempts
have been carried out toward enhancing the cfﬁmnq of l’EC
watet npbmn’ Including heterojunction :ysmm. doping” dyc
sensitization,” swift heavy jon tradiation,” etc Use of
heterojunction «mkom!mov system (as photoelectrode) is a
ising strategy pted to improve the efficiency of PEC

cell A tion of two ductor matenals, one with
wide band gap and another with low band gap, having a
staggered band-edge alignment (Le, type-1l band alignment) in
which the valence band (VB) of one semiconductor is
postioned (energetically) between the valence band (VB)
and conduction band (CB) of another semiconductor, and its
CB is positioned above the VB m.l CB of olher semiconductor,
can ation of d charge carmers
leading |n enhanced phowommy “of photoelectrodes. The
small band gap semiconductor s also responsible for visible
bghtahtmphmandmmnhcwdchndppmml
throagh electron or hole injection.” Among the various metal
axadn.mmmm(&’l‘lo,) on account of its favorable
a candsdate to be used as

phowmde in the PEC splitting of water.” SrTiO, has

© XXX Avsencan Chesacd Sooety
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d at the Cu,0/5TiO, Imcmymm.

perovskite cublc structure with good flatband potential
photovoltage (Voc) indicating its ability to photolyze
water ""Onllwolh«hmdsd'»o.uaudebmdpp
material, and absorbs in the UV region which limits its
efficiency rd photoel h | of water. It is

d that heteroj of SeTIO, with a small band gap
material such as Cu,0," CdS," and a-Fe,0," may overcome
nhmumdabn«puonmm’mlndnmuudy
modifications were attempted on Cu,O with S(TiO, (both
possess cubic crymal structure with lattice constant of about
4.26 and 3903 A, respectively), by making the 1TO/Cu,O/
SITIO, heterojunction thin films with varying thickness of
StT10y. Prepared Cu,O/SeTO, heterojunction photoelectr-
odes were also charactenzed for their structural, electrical, and
optical properties. Effective mass calculations for charge carners
using first-principles density functional theory (DFT) were also
carried out for the first time to understand the charge
scparation mechanism at Cu,0/STIO, Interface

2. EXPERIMENTAL SECTION

2.1. Preparation of Cu,0 Thin Films. Nanostructured
thin films of Cu,0 were deposited on the conducting glass
substrate (ITO) wsing simple spray-pyrolysis (Holmare, India)
method. For this spray precursor, copper(ll) acetate mono-

oHae
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Nanostructured thin films of CeO; sensitized by overlayering thin layers of Cuy0 with
varying thickness have been studied for the first time as photoelectrode in photo-
electroch 1 (FEC) water splitting. Effective mass calculations for electrans and holes in
buik Ce0; and Cu 0 using first principles based on Density Functional Theory (DFT) have
also been attempted 10 explain the enhanced charge sepazation at CeO/Cu0 betero-

i rface. All ples were ch d by X-ray diffractometer (XRD), Scanning
Electron Micrescope (SEM), Atamic Force Microscopy (AFM) and UV-Visible spectropho-
tometer. The photoelectrochemical activity of the samples was investigated in a three
electrode quartz cell system and maximum photocurrent density of 289 mA cm  at 07 V/
SCE was obtained for the Ce0,/Cu0 heterojunction with overall thickness of 397 nm
Improved conductivity and better sep of the ph d charge carriers at the

Speay-pyrolysis Ce05/Cuy0 heterojunction as compared to Individual P may be responsible for
the higher photocurrent density. The possible mechanism far the enhanced photocurrent
density has been expl 4 using hetero) model based on density functional theary
caleulations

© 2016 Hydrogen Inergy Publications LLC Published by Elsevier Ltd. All rights reserved
Tatroducon The main challenge in this area Is to find a suitable semi

Solar hydrogen generation from photoelectrochemical water-
spliting reactions has received much attention on sccount of
hydrogen being widely accepted as clean energy carrier |1
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