Single-step strategy for the development of hybrid GaON/ZnO/FTO Photoanodes
for enhanced water oxidation
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Abstract

Synthesis of GaON/ZnO hybrid nanoarrays (NAs) was
achieved by single step pulse sonicated wet Chemistry. The
Intercalation of GaON nanosheets through ZnO nanotubes
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revealed by FE-SEM technique, while elemental analysis Is "N H ‘ DS T e e .
carried out by EDX and X-ray Photoelectron Spectroscopy e Coc : ﬂ

(XPS) profiling. EDX confirmed Ga, O, Zn and N elements, """‘;..;,v:- f’“frv' W WMWY S 1"‘\ N JUUUUAL

while XPS established the Ga-N, Ga-O and other bond A S e e
formations. XRD and Raman shifts give significant evidence 12— e —

of GaON/ZnO hybrid formation. The optical properties of T Ggghmgrh eI i... ”
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GaON/ZnO NAs evaluated via UV-Visible/DRS, and
Photoluminescence (PL) spectroscopies. Chemical nitridation
and intercalation of GaON In ZnO, caused upward shift of
valence band and band gap reduction with delayed
photoexcitons recombination. Water splitting via oxidation
under 1 SUN irradiation shown significant photocurrent
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density of 1.2 mA/cm? for GaON/ZnO NAs, with higher 10[@ T —
stability as compared to pristine ZnO and GaON. The < os o G ek
Electron Impedance Spectroscopy (EIS), further suggested 2 os  aronizno g wo

the ease of charge transfer in the GaON and ZnO interface as j T — S R g—

we got minimum impedance value for the hybrid. E o ; f, .................
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Introduction

Environmental issues (CO, emission) and clean energy at a
global level are presently most important concerns raised
recently in COP21 in Paris. It Is indispensable to construct
clean energy systems in order to solve energy related issues
and protect our environment. Hydrogen will play an
Important role In the system because it Is an ultimate clean
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energy source [1]. Hydrogen has tremendous prospective as a e R Lo L e ®
fuel and energy source, but the technology needed to realize GaON/ZnO hybrid nanoarrays Gaon NIRRT
that potential is still in the early stages. Thus, the design of (h)
efficient artificial photosynthesis systems for harvesting solar Structural Properti es of GaON

energy by production of molecular O, and H, from water e
splitting has become one of the foremost challenges in the XPS Protiling
development of a solar driven oxygen and hydrogen s 19 e xvee 0 —o”

generation [2]. Different wide and narrow bandgap materials ' e

have been employed. The bandgap of these photoactive
materials can be tuned by various techniques, including
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Conclusions and Future Work

composite formation, doping, co-catalysis, nitridation etc. u ) » GaON/ZnO hybrid NAs were synthesized and characterized
Herein we synthesized _|( T i s Sy Se Sa u @ i sm e s b S s s * The FE-SEM showed the intercalation of GaON within ZnO
nitrogen rich GaON/ZnO N ATl LT T o | R weln ) " —ax | |G Y E% o o Egj * XPS 'ndlc_ate the rich qua_ntlt_y Of nitrogen and t_he_ Ga_'N, Ga-O
hybrid photoanodes to 2.0 | | | | [ |1l | | | o — i — | — and other important bond, mghcatmg s_uccessful nltrlda}tlon.
study their water splitting = - - Lo o : o |d : *The XRD and Raman shift showing the formation of the
nerformance. _ | I : : : GaON/ZnO heterostructure material.
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*Redshift is observed for GaON/ZnO NAs indicating the lowering

of bandgap 1.e. 2.58 eV.

: O B de® T Pl ™ »Wiater splitting current density is achieved to be 1.2 mA/cm2,
Methodology & Growth Mechanism XRD Pattern Raman Analysis *EIS indicated the ease of charge transfer at the interface of
ZnO nanotubes were grow on FTO substrate via § % GaON/ZnO GaON/ZnO and electrolytes.

ZnO

g Zno *GaON is nitrogen rich nanomaterial and therefore its composite
with other species can be helpful to achieved much improved
water splitting reaction. Beside this the same material can also be
employed in other photochemical applications.

solvothermal technique. The as prepared GaON nanosheets
were Intercalate within ZnO nanotubes via pulse sonication
technigue. The GaON/ZnO hybrid NAs were used as
photoanode for water splitting applications.
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