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Abstract

A novel methodology and its mechanism to synthesize ZnO/ZnS core—shell nanostructure by hydrothermal-supported co-
precipitation method are presented. Chemical precursors Na,S and thioacetic acid were used as chemical conversion agents.
Detailed structural, morphological, compositional and optical studies were carried out. Powder X-ray diffraction analysis
confirms the presence of both wurtzite and cubic phase in ZnO/ZnS core—shell, respectively. OH absorption capacity of
as-grown ZnO/ZnS nanostructures was found to be enhanced due to interfacial roughness ZnO/ZnS as compared to pristine
ZnO. Morphological studies confirm the formation of irregular spherical nanocrystals of size ~50 nm. Band gap of ZnO
nanocrystals was found to be increased upon sulphidation process. Room temperature EPR studies also confirmed the ZnS
shell over ZnO nanocrystals suppresses the paramagnetic defects in ZnO. Interestingly, defect-related visible light emission
from ZnO nanocrystals was found to be suppressed completely due to the presence of the larger band gap of ZnS as a shell
over ZnO core. ZnS shell restricts the photogenerated charge carriers within the ZnO nanocrystal core, making ZnO/ZnS
core—shell a potential candidate for optoelectronic applications such as UV photodetectors.
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1 Introduction

Owing to a high surface-to-volume ratio in nanocrystals, the
surface acts as a new state of matter; thus, surface engineer-
ing of nanocrystals becomes a prerequisite towards develop-
ing stable nanocrystals for any practical applications [1-4].
One of the interesting approaches to develop stable semicon-
ductor nanocrystals is developing core—shell semiconducting
structures. Core/shell structures show fascinating optoelec-
tronic, electrochemical and magnetic properties as compared
to their pristine individual components. Zinc oxide is a metal
oxide semiconductor with wide near UV excitable band gap
energy, high exciton binding energy (~60 meV) and large
molar absorption coefficient because of which Zinc oxide
finds a diverse application in the field of light-emitting
diodes, excimer lasers, photovoltaics, nonlinear optical
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devices, UV photodetectors, electroluminescent panels,
transparent conducting electrodes photocatalysis and plas-
monics [5—13]. Strong near UV emission from zinc oxide
(ZnO) makes it an emerging alternative semiconductor mate-
rial to gallium nitride. However, a strong broadband green-
ish yellow emission due to intrinsic and extrinsic defects
in zinc oxide inhibits widespread application of ZnO for
various optoelectronic applications such as varistors, UV-
emitting diodes, ultraviolet detectors and diode lasers. [14,
15]. Defects states were also found to reduce the piezoelec-
tric voltage obtained from ZnO nanocrystals by screening
the polarization charges. To deal with the issue, researchers
across the globe are investigating ways to eradicate para-
sitic defect states from semiconducting nanocrystals such
as surface passivation using surfactants, organic ligands and
polymers, high-temperature annealing and doping [16—19].

Parasitic defect states from ZnO nanocrystals attribute to
zinc interstitial and oxygen vacancy-related unwanted defects
which may creep up during preparation and annealing con-
ditions. Thus, carefully selecting the synthesis procedure is
one of the crucial steps that govern the role of defects in ZnO
[20]. One of the most intriguing methods towards eliminating
the defect-related emission is effective surface modification
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via creating core—shell nanostructure which are composed of
the semiconducting core material and a shell of a dissimilar
semiconducting material [21, 22]. Also, the semiconduct-
ing shell acts as a mechanical shield between the optically
responsive core and the surrounding external environment,
thereby defending core towards environmental changes such
as photo-oxidation [24-28]. In a study by Ligiao Qin et al.,
surface of ZnO nanoparticles was treated by polyvinyl alcohol
to enhance UV emission and a stable dispersion of ZnO nano-
particles. Photoconductors fabricated using the PVA-coated
zinc oxide nanoparticles were found to have ratio of ultraviolet
photogenerated current to dark current five times more than
photoconductor fabricated using pristine ZnO nanoparticles
[21]. Similarly, in a study by A. Bazargan et al. dimethylfor-
mamide was used to passivate the surface of the intrinsic ZnO
nanoparticles [23].

Moreover, researchers have not given sufficient considera-
tion towards the choice of precursor chemicals used for the
chemical modification of intrinsic ZnO nanocrystals to ZnO/
ZnS core—shell nanostructure. In the current study, we have
investigated structural, morphological, optical and composi-
tional properties of ZnO/ZnS core—shell nanostructure pre-
pared using sodium sulphide and thioacetic acid. Interestingly
parasitic defect emission of intrinsic ZnO nanocrystals was
found to be eliminated, which key limiting factor for optoelec-
tronic applications of ZnO nanocrystals.

2 Experimental procedure

ZnS/Zn0O core—shell nanostructure has been synthesized
via a two-step chemical conversion method as explained
in the following sections.

2.1 Co-precipitation-assisted hydrothermal
synthesis of ZnO nanocrystals

In a typical experiment, ZnO nanocrystals were syn-
thesized using ethanolic solutions of zinc acetate
(Zn(CH;C0O0),.2H,0) and sodium hydroxide (NaOH).
1 M solution of acetate salt of zinc in ethanol was refluxed
continuously for four hours at a temperature of 70 °C. To
maintain the stoichiometry, a 2 M ethanolic solution of
sodium hydroxide was also made. As-prepared NaOH
solution was added to Zn** solution under vigorous stir-
ring at 40 °C for 5 h. The obtained colloidal solution was
transferred to Teflon-lined hydrothermal autoclave. The
hydrothermal autoclave was maintained at 50 °C for 12 h
in a muffle furnace. The autoclave was allowed to cool
naturally and the obtained powder was thoroughly washed
with distilled water using a vacuum filtration system.
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2.1.1 Chemical conversion of ZnO nanocrystals to ZnS/ZnO
core-shell nanostructure using thioacetamide (TAA)

The as-synthesized ZnO nanocrystals and 0.2 M solution of
thioacetamide (TAA) were dissolved in a minimum quantity
of water. After vigorous stirring, the solution was kept in a
hydrothermal autoclave system which was upheld at a tem-
perature of 100 °C for six hours in the furnace. The resulting
powder was thoroughly washed with distilled water using a
vacuum filtration system. Sulphur ions released due to the
decomposition of thioacetamide react with the surface of
zinc oxide nanocrystals resulting in the formation of ZnS
nuclei. As the reaction proceeds, a dense core of ZnS is
produced at the outer surface of ZnO particles. Due to the
concentration gradient of Zn>* and S~ ions in the solution,
Zn?* ions will diffuse outward towards the shell, whereas
the S*~ ions will diffuse inwards towards the core as shown
in Scheme 1. Such an effect is a consequence of the differ-
ence in diffusion rates of the metal atoms as suggested in the
Kirkendall effect. Kirkendall effect is a process of mutual
diffusion of chemical ions along two opposite directions
under thermally activated conditions. By adding sulphide-
based chemical conversion agents pristine ZnO nanocrystals,
released S>~ ions in solution form a layer at the outer surface
of ZnO, because diffusion rate of cation Zn?* is more as
compared to anions S*~. The outward movement of Zn>*
ions is faster than the inward movement of S>~ ions, as a
consequence of which size of ZnO core is consumed and
growth of ZnS takes place [29]. Thioacetamide hydrolyses
with water to form hydrogen sulphide gas via the following
reaction [30].

CH,CSNH, + H,0 — CH,CONH, + H,S

Hydrogen sulphide gas evolved readily reacts with ZnO
nanocrystal surface to produce ZnS

ZnO + H,S - ZnS + H,0

2.1.2 Chemical conversion of ZnO nanocrystals to ZnS/
ZnO0 core-shell nanostructure using sodium sulphide
(Na,S)

As-grown ZnO nanoparticles were dissolved in 0.1 M
zinc acetate solution at 60 °C for 30 min. After a vigor-
ous stirring, 0.1 M solution of sodium sulphide nonahydrate
(Na,S-9H,0) was added dropwise. The subsequent pre-
cipitate was washed with distilled water and ethanol using
vacuum filtration. The final product was dried in a muffle
furnace to obtain the final powder. The possible reaction
mechanism is explained as follows:
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Scheme 1. Proposed mechanism towards the formation of ZnS shell over ZnO nanocrystal surface

S~ 4+ H,0 - HS™ + OH~
ZnO +20H™ — ZnO;” + H,0

ZnO;” + $*~ + 2H,0 — ZnS + 40H™

2.2 Characterization tools

Structural characterization was carried out using powder
X-ray powder diffraction (XRD) studies using X-ray diffrac-
tometer of make Bruker with Cu—Ko radiation (1.5406 /ok)
operated at 35 kV accelerating voltage. Microstructure
images of the powder samples were studied using a scanning
electron microscope of make: Zeiss, model Supra 40VP).
Energy-dispersive X-ray spectroscopy (EDXS, model
Oxford INCA 250) was used for elemental analysis of the
as-prepared samples. UV-Visible studies were carried out
using UV 2401PC, Shimadzu UV-Vis spectroscopy. Photo-
luminescence properties and defect analysis of the samples
Edinburgh make luminescence spectrometer (model F900)
fitted with a xenon lamp. Functional groups and other com-
positional analysis of the powder samples were studied using
Fourier transform infrared spectroscopy of PerkinElmer
spectrometer spectrum RX-I make at a resolution of 4 cm™!.
Electron paramagnetic resonance spectroscopy was recorded
using Bruker Biospin make, model A300, X band.

3 Results and discussion
3.1 Powder X-ray diffraction (P-XRD) studies

Figure 1 represents the powder X-ray diffraction
(P-XRD) pattern of ZnO nanocrystals prepared using the

co-precipitation-assisted hydrothermal method. Diffrac-
tion peaks indicate the hexagonal wurtzite structure of ZnO
nanocrystals. Peak broadening confirms that the size of as-
grown ZnO particles falls in the nanoregime. Diffraction
peaks were found to be consistent with standard data from
JCDPS card file number 36-1451. Zn and O atoms in the
ZnO wurtzite structure crystallize in a hexagonal closed pack
structure, with each zinc atom being surrounded by four oxy-
gen atoms, resulting in a tetrahedral non-centrosymmetric
structure [31, 32]. No spurious or intermediate crystalline
phases were observed, demonstrating the high crystalline
purity of as-grown nanocrystals. The average crystallite
size (D) in the as-grown nanocrystals was calculated to be
~30 nm using the Sherrer equation [33] given in Eq. 1.

b
D= 1)
FWHM(26)Cosf

where FWHM is the full width at half maximum of the
peaks in radian, € is the Bragg angle or scattering angle and
A is the X-ray wavelength of Cu—Ka radiation (1.540 A). b
is constant whose value depends on shape and particle size
distribution. The value of b was taken to be 0.94 for particles
of nearly spherical particles. For polycrystalline materials, D
is a measure of the volume-averaged crystallite size. Upon
chemical conversion of as-grown ZnO nanocrystals, ZnS
nuclei start forming at the surface of ZnO nanocrystals. As
the reaction proceeds, more and more ZnS nuclei start get-
ting attached to the surface of ZnO nanocrystals, resulting in
the formation of the uniform shell over the ZnO nanocrystal
surface. Figure 2 clearly shows the prominent peaks cor-
responding to (111), (220), (311) planes of the cubic phase
of ZnS. Peaks of the ZnS were found to be well matching
with the standard data card JCPDF: 005-0566. Along with
ZnS peaks, additional peaks corresponding to (100), (002),
(101) and (201) planes of ZnO nanocrystals were also found
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Fig.1 a Powder X-ray diffraction pattern of as-prepared ZnO
nanocrystals and b JCPDS card #00-036-1415 of intrinsic ZnO

which confirms the formation of ZnO/ZnS nanostructure.
The average crystallite size of the ZnO/ZnS nanostructure
synthesized using TAA and Na,S as calculated using the
Scherrer equation was found to be 13 and 10 nm, respec-
tively. Further, no spurious impurity phases can be observed
from the X-ray diffraction pattern.

3.2 Energy-dispersive X-ray spectroscopic analysis
Samples were studied for their elemental analysis using

energy-dispersive X-ray spectroscopy (EDAX) attached
with scanning electron microscope (SEM). EDAX
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spectrum of pure ZnO nanocrystals, as shown in Fig. 3a,
shows that the obtained nanocrystals are composed of Zn
and O without any other impurities within the detection
limits. As shown in Fig. 3a, b after the sulphidation reac-
tion using thioacetamide and sodium sulphide, EDAX
spectra clearly show the presence of sulphur in ZnO/ZnS
nanostructure which confirms the successful suphidation
process over ZnO nanocrystals. Further, unwanted or for-
eign elements were not detected from EDAX spectra.

3.3 Fourier transform infrared spectroscopy

Chemical bonding and interactions of as-prepared samples
were studied obtained using FTIR spectroscopy analysis.
FTIR allows the identification of various functional groups
within a molecule. Any change in the molecular structure
as a result of doping/contamination/composite formation
can also be detected using FTIR peaks. It also gives infor-
mation about the functional groups of surface dangling
bonds if any. Figure 4a—c represents the FTIR spectra of the
pristine ZnO nanocrystals and chemically converted ZnO
nanocrystals using thioacetamide and sodium sulphide. A
prominent band observed ~3357 cm™' which represent the
O-H stretching mode due to the presence of hydroxyl (OH)
group was found in all the samples. Bands located within the
range of ~2830-2920 cm™' indicate C—H stretching mode
[31], whereas band centred at ~2340 cm™! region indicates
the presence of absorbed CO,. Prominent peak ~ 1410 cm™
attributes OH bending and stretching vibration. In addition
to these, low-intensity bands could be observed because the
presence of surface hanging organic chemical groups such
as H-O-H, CH;COOH and CH can also be observed. A
peak positioned at 420-500 cm™! is a characteristic peak

b
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Fig.2 Powder X-ray diffraction pattern of as-prepared ZnO/ZnS nanostructure via chemical conversion process using a thioacetamide, TAA and

b Na,$S, respectively, and JCPDS card #00-080-0020 of intrinsic ZnS
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Fig.3 EDAX spectra showing the composition information of as-prepared a ZnO nanocrystals, ZnO/ZnS nanostructure synthesized via chemi-

cal conversion with b TAA and ¢ Na,S, respectively

representing the vibrations of the Zn—O bond. Since peak
position and its width depend on many critical parameters
such as crystal structure, chemical composition and particle
morphology, splitting of Zn—O band into multiple peaks was
also observed and can be attributed to the irregular grain size
of nanocrystals [32]. A slight depression in Zn—O-related
band was observed in samples after the chemical conver-
sion process, as shown in Fig. 4b, ¢ which indicates due
to the formation of the ZnS phase over ZnO nanocrystals.
As shown in Fig. 4b, c, the intensity of the peaks around
3400 cm™! is found to be augmented which suggest more
OH groups are distributed on the surface of ZnO/ZnS
nanostructure as compared to pristine ZnO nanocrystals.
Increased absorption ability is attributed to interfacial rough-
ness between ZnO and ZnS phases. Similar results were
observed for ZnO/ZnS nanostructure synthesized using TAA
and Na,S, respectively.

3.4 Morphological analysis via SEM analysis

Microstructures images were recorded using SEM imaging
to study the morphological properties of the as-prepared
samples and to identify possible changes upon chemical
conversion with thioacetamide and sodium sulphide, respec-
tively. Figure 5a represents the morphology of intrinsic ZnO
nanocrystals. Results indicate the formation of particles of
nearly spherical morphology with small grain size. Owing to
their small size and high surface-to-volume ratio, agglomer-
ation in the particles can be observed from the micrographs.
It is evident that due to agglomerating particles, clusters of
nanoparticles are formed. Similar results were also observed
by Ye et al. [34] and Ying et al. [35]. Figure 5b, ¢ represents
the morphology of the ZnO nanocrystals upon sulphuriza-
tion with TAA and Na,S, respectively. The darker regions of
the core and relatively lighter regions of the shell consisting
of a layer of nanoparticles on the surface of the core material
can be seen. ZnS is found to grow and distribute uniformly
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Fig.4 FTIR spectra of as-prepared a ZnO nanocrystals, ZnO/ZnS nanostructure synthesized via chemical conversion with b TAA and ¢ Na,S,

respectively

on the ZnO core surface because of the low atomic mobil-
ity at relatively lower synthesis temperature adapted in this
current work.

3.5 UV-visible studies

To investigate the optical properties of the as-grown semi-
conductor and their core—shell structure, UV-Vis spectro-
scopic analysis was done. The band gap of the semicon-
ductors can be calculated using the UV-Vis absorption
spectra using the following relation in Eq. 2, known as
Tauc’s plot [36]:

(@h®)7 = B(hd — E,) @)

@ Springer

Factor «a is the absorption coefficient, hv is the photon
energy, and B is a constant. y factor depends on the nature
of the electronic transition involved and is equal to 1/2 or
2 for the direct and indirect transition band gaps, respec-
tively. Intrinsic ZnO nanocrystals show a band edge at
~3.39 eV, whereas the core—shell structure shows a sub-
stantial blue-shift in the absorption edge. Intrinsic ZnO
does not show any considerable absorption in the visible
region. By coating the intrinsic ZnO nanocrystals with
ZnS, the effective band gap was found to be 3.47 eV and
3.44 eV using TAA and Na2S§, respectively, as shown in
Fig. 6. Inset in Fig. 6 represents the as recorded UV-Vis-
ible spectra of the intrinsic ZnO nanocrystals and ZnO/
ZnS nanostructures. Intrinsic ZnO nanocrystals show an
absorption edge at ~365 nm, which is very well consistent
with the available literature [37].
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Fig.5 SEM micrographs of as-prepared a ZnO nanocrystals, ZnO/ZnS nanostructure using chemical conversion agents: b TAA and ¢ Na,S,

respectively

3.6 Photoluminescence studies

The room temperature photoluminescence (PL) emission
spectrum was recorded and analysed to determine optical
properties of as-grown ZnO nanocrystals before and after
the process of sulphidation. Intrinsic ZnO nanocrystals
exhibit band edge luminescence in the near UV region at
~380 nm and a broad emission peak in the visible region
~480-520 nm as shown in Fig. 7a [38, 39]. PL emission
in UV region ~380 nm arises due to the radiative recom-
bination of the charge carriers near the band edge of ZnO,
whereas emission in visible region attributes to defect-
related states. In most of the studies, coating of ZnS shell
over ZnO has reported causing a blue-shift in the emission
spectra of ZnO nanocrystal which was described based on
Moss—Burstein effect, i.e. the effective band gap of ZnO
semiconductor increases due to the formation of some addi-
tional donor energy states which are close to the conduction
band of core semiconductor. Therefore, additional donor
energy states populate the conduction band of ZnO pushing
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Fig.6 Tauc’s plot of (ahv)? versus hv for intrinsic ZnO nanocrystals
and ZnO/ZnS$ nanostructures prepared using thioacetamide and Na,S,
respectively. Inset represents their corresponding UV—Vis spectra
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the absorption edge to higher energy [40, 41]. However,
interestingly, in this present study, the emission spectrum
of ZnO/ZnS core/shell nanostructure shows a noticeable
red-shift ~12 nm in UV emission peak as compared to that
of intrinsic ZnO nanocrystals as shown in Fig. 7b, c. The
red-shift of the UV emission peak can be ascribed to the
strain caused due to the lattice mismatch between both semi-
conductors [42].

Different theories have been predicted for defect-related
blue—green emission (480-520 nm) from the intrinsic ZnO
nanocrystals by the researchers. Multiple factors such as the
existence of singly ionized oxygen vacancies, zinc intersti-
tials, multiple defect complexes and donor—acceptor com-
plexes [43—45] have been reported. Some of the theories also
suggest that apart from the defects, choice of the synthesis
also plays a crucial role in manipulating the emission from

ZnO nanocrystals. Yong et al. have reported that during the
hydrothermal synthesis process, excess oxygen ions in the
precursor aqueous solution, may occupy interstitial sites
of the ZnO crystal structure, thereby forming negatively
charged interstitial oxygen ion which results in green emis-
sion ~510 nm [27]. Upon sulphidation, ZnO/ZnS core/shell
nanostructure exhibits improved UV emission and defect-
related blue—green emission was found to be suppressed
to a large extent which indicates that the ZnS layer helps
in passivating the surface of ZnO nanocrystals. Enhancing
the UV sensitivity of ZnO nanocrystals has been a topic
of research across the globe, especially for optoelectronic
applications. ZnS layer suppresses the tunnelling of the elec-
trons/holes from the core to un-passivated surface sites on
the surface of the ZnO core [46]; thus, more photogenerated
electrons and holes can be limited in the core of the ZnO

T T T T T v T

Pristine ZnO

300 400 500 600 700 800

160 [ a
£ 140 [
c o
> 120 |
2 100 [
< g0 [
3 |-
‘> 60 |
o 40 [
=)
£ 20 i
0 T Il 1
_. 200 LD Zn0/ZnS:1 |
2
S 150 | i
o) I
S
8 100 | . ]
>
b
2 5
e i |
d
£
0 =3 -

300 400 500 600 700 800
Wavelength (nm)

Intensity (arb. units)

Wavelength (nm)

18 [ T
(o
160 [ Zn0/ZnS:2 |7
140 [ ]
120 [ ’
100 ]
80 .
60 [ i
40 [ ]
20 [ ]
0 C b

300 400 500 600 700 800
Wavelength (nm)

Fig. 7 Photoluminescence emission of as-prepared a ZnO nanocrystals and ZnO/ZnS nanostructure prepared using chemical conversion agents b

TAA and ¢ Na,$S, respectively
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semiconductor, thus increasing the probability of radiative
transitions in ZnO core. Thus, a wider band gap semiconduc-
tor (ZnS) passivates the surface dangling bonds present on
the core of ZnO, resulting in an obvious enhancement in the
UV luminescence. The drastic reduction or rather diminish-
ing defect-mediated green luminescence indicates that the
existence of fewer oxygen vacancies and zinc interstitials
due to the presence of passivating shell of ZnS of consid-
erable thickness. Thus ZnO/ZnS core/shell nanostructure
potential shrinks non-radiative pathways and enhancing
radiative recombination. ZnO/ZnS core/shell nanostructure
prepared using TAA eliminates defect-related emission of
ZnO as compared to sample made using Na2S, which shows
a low-intensity shoulder peak at ~405 nm. Results confirm
that ZnO/ZnS core/shell nanostructure has charge confine-
ment in the core and shell region and thus has the type I
characteristics of band alignment. ZnO/ZnS nanostructure
thus finds many interesting applications in modern optoelec-
tronic devices which require highly narrowband emission in
UV region such as UV photodetectors, UV index monitor-
ing devices, piezoelectric energy harvesting devices and UV
light-emitting diodes.

3.7 Electron paramagnetic resonance (EPR) analysis

To understand the role of paramagnetic defects, electron
paramagnetic resonance spectroscopy is a versatile and
non-destructive characterization technique based on Zee-
man splitting. It can be used to probe electron spin dynam-
ics and magnetic defects/impurity analysis. Figure 8 shows
the EPR spectra of intrinsic ZnO nanocrystals and ZnO/
ZnS core—shell structure. Origin of EPR signal in zinc oxide
semiconductor in the region of 1.94 -1.99 is still an issue of
debate; however, most of the theories suggest that the origin
of paramagnetic response in ZnO is attributed to surface
defects such doubly charged zinc vacancies, neutral zinc
interstitials, singly charged zinc interstitial, neutral oxygen
vacancies, singly charged oxygen vacancy, complex of an
oxygen vacancy and zinc interstitial type defects in ZnO
[47-49]. Interestingly, ZnO/ZnS core—shell nanostructures
samples did not show any EPR signal, which again proves
that the layer of ZnS passivates the surface dangling. bonds
and defects, thereby reducing the EPR signal which was
originating from the surface defects. Also since defect-free
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(2]
= ————27n0/ZnS
S 100
o
[
S 0
2.100 \/
9
£
-200

3340 3360 3380 3400 3420 3440
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Fig.8 EPR spectra of as-prepared ZnO nanocrystals and ZnO/ZnS
nanostructure

ZnO is antiferromagnetic in nature [50] no significant signal
can be recorded.

4 Conclusion

Type I core—shell nanostructure of ZnO/ZnS has been effi-
caciously prepared through a simplistic two-step sulphuriza-
tion process using TAA and Na2S. Particles were found to
have nearly spherical morphology with an average particle
size of ~50 nm. Enhancement of near UV emission and sup-
pression of defect-related luminescence in ZnO nanocrystals
due to coating larger band gap ZnS was observed, which was
also confirmed via EPR analysis. FTIR studies clearly show
the enhanced OH absorption ability of core—shell nanostruc-
ture due to interfacial roughness between ZnO/ZnS. Table 1
compares some of the strikingly distinct properties which
have been observed in ZnO/ZnS core—shell nanostructures
synthesized in this present work as compared to previously
reported work from the literature. As-prepared ZnO/ZnS
nanostructures find many interesting applications in mod-
ern optoelectronic devices which require enhanced UV light
emission without parasitic defects. Though the present work
focuses on ZnO-ZnS-based core/shell nanostructure, other
semiconductor core/shell structures are expected to be syn-
thesized using the same procedure.
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Table 1 Comparison of properties between as-synthesiesd ZnO/ZnS nanostructure with the ZnO/ZnS nanostructure reported in the literature

S.No Properties As-prepared sample As per the literature References
1 Photoluminescence properties Red-shift ~12 nm in the emission peaks was observed Blue-shift was observed (~5 nm) [51-54]
in both samples prepared using Na,S and TAA
2 Defect states Defect emission in visible region is completely Slight decrease has been observed — [51-54]
eliminated
3 Morphology Nearly spherical particles with agglomeration Rod-shaped particles were observed [53, 54]
4 Heterostructure type Type I Type 11 [55]
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