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ABSTRACT

In the present work, PVP encapsulated ZnS:Ni nanoparticles were prepared through modified chemical
precipitation method using oxalic acid precursor. The structural and optical properties of the prepared samples
were characterized using X-ray diffraction (XRD) studies and UV-Vis-NIR Spectrophotometer. Morphological
and chemical properties were studied carried out using Scanning Electron Microscopy (SEM) and Energy
Dispersive Analysis of X-rays (EDAX). XRD pattern analysis confirms the zinc blende structure of pure ZnS
and PVP encapsulated Ni doped ZnS nanoparticles with the crystallite size of 10 nm. The optical band gap has
been found to be in the range 4.2- 3.9 eV. Room temperature photoluminescence (PL) spectrum of the undoped
sample exhibits emission in the blue region with multiple peaks under UV excitation. The degradation of methyl
orange (MO) under visible light irradiation was carried out to study the photocatalytic activity of the prepared
samples. It was found that the sample 0.5% Ni substituted ZnS exhibited the higher photocatalytic activity due
to higher initial saturation value under UV irradiation for 15 min.
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. INTRODUCTION
Compound semiconductors have attracted considerable technological and scientific interest due to their large
range of electronic energy band gaps. There are generally eight 11-VI compound semiconductors ZnO, ZnS,
ZnSe, ZnTe, CdO, CdS, CdSe and CdTe, which are widely recognized. Among these materials, ZnS has been
realized to be the potential candidate for extensive research, possible applications in optoelectronics and the
potential generalization of results to other nanomaterials. ZnS is a wide band gap material with band gaps of
3.68 eV (zincblende) and 3.91eV (wurtzite) [1]. It displays a high refractive index of 2.2 and high transmittance
of light in the visible region of the spectrum. These properties make ZnS a strong candidate for optoelectronic
devices. In recent years, nanocrystalline ZnS has been reported to have some characteristics, different from the
bulk properties, which may extend its application range. Therefore, much attention has been focused on the
synthesis of ZnS nanoparticles and films, and the exploration of their novel properties. Several approaches are
available to obtain nanocrystalline ZnS. It offers the advantages of wide energy band gap, higher optical
transmittance, low cost and abundancy of the constituent elements that are less toxic and tunability of the energy
band gap, lattice parameter and electron affinity by the addition of suitable dopant that could be perfectly
matched with the absorber material, with a band gap between 1.3 eV and 1.6 eV. Therefore, it is worth to
investigate undoped and doped ZnS as an alternative buffer/window layer to CdS. ZnS is a potential candidate
for device applications because of its wide band gap, large exciton binding energy (40 meV), high index of
refraction (2.27 at 1 um) and has been identified as an excellent host semiconductor for supporting room
temperature ferromagnetism when doped with a variety of 3d transition metal ions [2]. The three primary dopant
metals Fe, Co and Ni are ferromagnetic at room temperature. lonic radii of these dopants (Co?*= 0.65 A, Ni?*=
0.69 A and Fe?= 0.63 A) are smaller than that of Zn2* (0.74 A). Hence these replace Zn2+ in the host lattice.
ZnS an excellent host and Fe, Ni as dopants in low concentrations have been identified to have good prospects
of producing room temperature ferromagnetism (RTFM). Semiconductors and magnetic materials are two very
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important classes of materials in the current electronic industries [3]. By combining these two types of materials
a new class of materials, displaying both the semiconducting as well as the magnetic properties, is formed.
These materials are known as ‘diluted magnetic semiconductors (DMS). Electronic devices fabricated with
DMS materials display enhanced efficiencies. Diluted magnetic semiconductors (DMS) are compound
semiconductors, in which a part of the nonmagnetic cations of the host material has been randomly substituted
by magnetic ions like transition metals or rare earth metals. Transition metals that have partially filled d states
(Sc, Ti, V, Cr, Mn, Fe, Co, Ni, Cu) and rare earth elements that have partially filled f states (e.g. Eu, Gd, Er)
have been used as substituent magnetic atoms in DMS. Among the 11-VI semiconductor group materials, ZnS
has been realized to be the potential candidate for extensive research, possible applications in optoelectronics
and the potential generalization of results to other nanomaterials. ZnS is a wide band gap material with band
gaps of 3.68 eV (zinchlende) and 3.91eV (wurtzite). It displays a high refractive index of 2.2 and high
transmittance of light in the visible region of the spectrum [4]. These properties make ZnS a strong candidate for
optoelectronic devices. Present study focuses on the investigation on the structural, optical and magnetic
properties of PVP encapsulated ZnS:Fe/Ni nanoparticles synthesized by the chemical precipitation method.

1. MATERIALS AND METHODS
2.1 Materials
Zinc acetate dihydrate, Nickel acetate tetrahydrate, oxalic acid, poly vinyl pyrolidone (PVP) were purchased
from Merck, India. The chemical reagents were of analytical reagent grade and were used without further
purification. All the glasswares used in this experimental work were washed with deionized water and dried in
oven.

2.2 Preparation of PVP encapsulated Ni doped ZnS nanoparticles

Nanocrystalline Ni?* ions doped ZnS nanoparticle was synthesized through oxalic acid based precursor method.
Ethanol was used as solvent for all the stages of experiment. Zinc acetate dihydrate (0.5 M) and nickel acetate
tetrahydrate (0.5, 1.0 & 1.5 %) are dissolved together in 60 ml of deionized water and stirred for 30 min. The
obtained aqueous solution was mixed with oxalic acid in 1:3 molar ratio. 0.5g of polyvinyl pyrolidone (PVP)
was dissolved in 50 ml of de-ionized water and was stirred to dissolve completely. Equimolar ratio of oxalic
acid mixture and PVP solution were added and was stirred for 30 minutes. The concentration of Ni%* in ZnS was
adjusted by controlling the amount of nickel acetate added in the above mixture. This solution was then stirred
in argon atmosphere keeping the temperature at 80 °C for one hour. To this solution, aqueous solution of sodium
sulfide (0.5 M) was added drop-wise until the observation of sufficient white precipitate due to the formation of
ZnS:Ni?* nanoparticles under stirring for 30 min at 80 °C.

2.3 Characterization techniques

The samples were characterized by X-ray diffraction (XRD) using a D8 BRUKER AXS diffractometer with Cu
Ka, operating at 40 kV and 30 mA. Doping of Ni in ZnS was confirmed by energy dispersive x-ray (EDX)
spectroscopy using NORAN System Six. Size and surface morphology of the samples were studied through
JEOL (JXA-8200) scanning electron microscopy (SEM). Perkin Elmer (350) UV-Visible spectrophotometer
was used to record optical absorption spectra and, Cary Varian fluoro-spectrophotometer, to measure PL.

2.4 Photocatalytic degradation

A 200 ml reagent beaker was used as the reactor for the study. The illumination was provided with 15 W
compact fluorescent lamp (CFL). To study photocatalytic activity, a known concentration of the catalyst
(ZnS:Ni) was dispersed in methyl orange dye. This solution was first placed in dark for one hour to reach a state
of adsorption equilibrium, and, then, illuminated with a visible-light source of 10,000 lux. The absorption peak
from 450 to 500 nm was monitored to carry out degradation analysis of ZnS:Ni.

1. RESULTS AND DISCUSSION
3.1 Elemental analysis
The energy dispersive X-ray analysis (EDAX) spectra of the pure ZnS and PVP encapsulated ZnS:Ni?* are
shown in the Figure below. The spectral signals from Fig.1.1 and Fig.1.2 confirms the presence of Zn, S and Ni
indicating that the prepared nanoparticles constitute zinc, sulphur and nickel dopant only and no other impurity
atoms. The chemical constituents present in the sample according to the EDAX results were listed in the tablel
below.
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Table.1 Elemental Composition

Composition
Zn S Ni
50.53 48.48 0.99
49.63 48.54 1.83
48.31 48.77 2.92
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Fig.1.1 EDAX spectra of undoped Zn$S nanoparticles
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Fig.1.2 EDAX Spectra of of ZnS:Ni2+ (0.5, 1.0, 1.5%) nanoparticles
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3.2 Structural analysis
The XRD spectra of pure ZnS and PVP encapsulated Zns:Ni?* samples at different dopant concentrations are

shown in Fig 2. The diffraction peaks at 26 ranging from 28.8°, 47.15° and 56.85° are indexed as (111), (220)
and (311) planes corresponding to the Ni substituted ZnS nanoparticles respectively. The indexed peak positions
matches well with the standard JCPDS file No: 65-4586 for all samples. Noise peas corresponding to secondary
phases or metal clusters were not observed. The broadening of the diffraction peaks indicates the nano size of
the synthesized particles. The average particle sizes for the ZnS:Ni%* was estimated using the Debye-Scherrer
formula from the major diffraction peak (111), lie in the range of 3.5 — 4.8 nm. The particle size decreases with
increasing dopant concentration. This is because, the ionic radius of Zn?* (74 r.pm) and that of Ni%* ion (70
r.pm) are almost equal and the ionic radius of the dopant affects the sintering properties of the samples which in
turn alters the microstructure of the samples. In addition the peak positions shift towards higher values of 20
which results in lowering of lattice parameter with increasing Ni concentration due to the lattice contraction
occurring because of the higher surface to volume ratio [5 - 10]. The calculated lattice parameter values were
calculated and have been tabulated below.

Table.2 Lattice parameter corresponding to various dopant composition.

Material Crystalline size (nm) Lattice constant (A)
Pure ZnS 3.8 5.40
ZnS + Ni (0.5%) 2.6 5.379
ZnS + Ni (1.0%) 2.3 5.358
ZnS + Ni (1.5%) 2.1 5.332
—— 0.5% Hi
{1 11} — 1.0% Ni
——— 1.5% Ni
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Fig.2 X-ray diffraction pattern of Ni doped ZnS Nanoparticles

The particle size was calculated using Debye-Scherrer formula and the average crystallite size of the ZnS:Ni
nanoparticle lie in the range of 3.8 — 2.1 nm. This implies that the crystallite size decreases on increasing the Ni
concentration on the ZnS site. The band gap energy of the Ni doped ZnS are 3.92, 3.86, 3.80,and 3.76 eV for
0.5, 1.0 and 1.5% of Ni respectively. It can be seen that the band gap decreases with the subsequent increase in
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the dopant concentration [11]. This effect may be due to the overlapping of host electron wave-functions with
the dopant atoms. On increasing the concentration of the impurity atoms, this overlapping raises subsequently
resulting in the formation of energy band rather than discrete energy levels. This impurity band formation of the
dopant electron reduces the band gap energy of the parent material.

3.3SEM

Scanning electron microscopy (SEM) is a powerful tool to study the surface morphology by observing the
individual crystallites and quantification of the size and shape of the as prepared samples. Fig.3 shows the SEM
images of Pure ZnS and PVP encapsulated ZnS:Ni ( 0.5 1.0 and 1.5%) nanoparticles respectively. From the
SEM images, it can be seen that particles are slightly agglomerated in the pure ZnS nanoparticle which may be
attributed to the resultant attractive forces caused by the cation concentration on the surface of the
nanocrystalline system [12].

Fig.3 SEM image of (a) Pure ZnS (b) 0.5% Ni (c) 1.0% and (d) 1.5% Ni doped ZnS nanoparticle capped
with PVP

SEM images of the pure ZnS and PVP capped ZnS:Ni reveals more or less uniform size particles ranging from
4.04 nm to 3.43 nm which are in good agreement with the XRD results. The PVP encapsulated ZnS:Ni?*
nanoparticles show spherical with homogeneous size distribution. This implies that the rapidly formed ZnS:Ni?*
clusters were immediately surrounded by the PVP surfactant [13]. As a result the particles were isolated. But the
uncapped nanoparticle show irregular shape. This may be due to the uncontrolled growth in the absence of the
capping agent. Furthermore, the above results depict that increasing molar concentration of the capping agent
reduces the particle size appreciably.

3.4 UV-Vis absorption analysis

The optical absorption spectra of the undoped and Ni-doped ZnS nanoparticles encapsulated with PVP are
shown in Fig.4. Optical absorption studies show that the absorption edge the shifting of absorption edge towards
blue region with respect to bulk samples of ZnS indicates increase in effective band gap energy with decreasing
particle size. The observed blue shift in the excitation wavelength is attributed quantum confinement effect with
respect to bulk materials of these compositions.
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Fig.4 UV-Vis absorption characteristics of pure ZnS and ZnS:Ni nanoparticles

A sharp absorption peak was observed at 355 nm in the UV-Vis spectrum of the uncapped ZnS nanoparticles,
indicating the red shift of 10 nm compared with the absorption peak of 345 nm for bulk ZnS material. However,
the UV-Vis absorption spectra for the pure and PVVP-encapsulated ZnS nanoparticles were highly blue shifted
compared with the uncapped ZnS nanoparticles and the bulk ZnS material [14]. This magnificent shift was the
consequence of the quantum size effect, which indicated a change in band gap along with exciton features that
can be used as a measure of particle size and size distribution. From the plot, all the three dopant concentrations
demonstrate strong blue shift in absorption region as an indication of nanophase formation and further it is
observed that absorption intensity increases with increasing dopant concentration from 0.5 to 1.5 M. The blue
shifts in the position of the absorption edges signify the nanophase formation and the diminishing intensity
infers the non monotonic shifts, because of local (sulfur) vacancies in the crystal structure [15-18]. The sharp
absorption peak was observed at 355 nm in the UV-Vis spectrum of the uncapped ZnS nanoparticles, indicating
the red shift of 10 nm compared with the absorption peak of 345 nm for bulk ZnS material.

3.5 Photoluminescence study

The photoluminescence spectra of pure ZnS and PVP encapsulated ZnS:Ni nanoparticles with an excitation
wavelngth of 320nm are shown in the Fig5. Both pure and doped ZnS samples exhibit broad and asymmetric
peaks. The peaks of PVP encapsulated ZnS:Ni nanoparticles are flat covering the wavelength region (390-520
nm) and indicate that they comprise different emission peaks. The fluorescence capability of the PVP
encapsulated ZnS:Ni nanoparticles were significantly higher than those of the undoped ZnS nanoparticles.
However, on increasing the dopant concentration further the intensity of the samples with higher dopant
concentration decreased [19]. From the graph it can be seen that ZnS doped with 1.0% Ni exhibits maximum PL
intensity. The intensity of 1.5% Ni doped ZnS showed less intensity. This effect can be explained as the
quenching phenomenon which may be due to the enlargement of non-radiative transition at higher concentartion
of Ni?* ions. Photoexcited electrons are transferred to large number of trapping centers induced by the nickel
ions compared to anion vacancy defect centres. In the present work, similar phenomenon was observed for the
PVP encapsulated ZnS:Ni nanoparticles. The photoexcited electrons are transferred to the trapping centres
which act as non-radiative recombination centers thereby reducing the emission intensity. On increasing the
dopant concentration, the peaks were attributed towards red shift which confirms the formation of trap states.
Due to these large number of induced trap states, whenever an electron makes a transition, a negligible quantity
of energy has only been transmitted to the nearest atom or lattice site [20]. As a result, the amount of energy
emitted reduces considerably thereby shifting the peaks towards longer wavelength. Thus it can be concluded
form the above theory that the optimized doping level for enhancing the PL intensity of PVVP encapsulated Ni
doped ZnS is 1%. The observed result implies the potential application of these materials in luminescent
devices.
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Fig.5 PL emission from pure ZnS and PVP capped ZnS:Ni nanopatrticles.

3.6 Photocatalytic activity
The photodegradation of Methyl orange dye was analyzed to study the photocatalytic activity of Pure ZnS and

PVP encapsulated ZnS:Ni nanopartciles. Degradation parameters such as total reaction time, concentration of
the dye and amount of catalyst required were analysed to optimize the appropriate photocatalytic activity
requirements. Fig.6 shows the absorption spectra of time-dependent Methyl Orange aqueous solution exposed
under visible light at around 460 nm. Fig.7 shows the degradation factor of methyl orange for the reaction
period of 15mins in the presence of pure and PVP encapsulated ZnS:Ni nanoparticles.
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Fig.6 UV-vis absorption spectral changes of Methyl Orange by using Ni?* substituted ZnS nanoparticles.
The color-change sequence in the sample with irradiation times are shown in inset picture.
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The graph reveals that the degradation processes were less and very slow for different Ni concentrations. This
may be attributed to the effective surface area and the dispersion stability of ZnS that determine the
photocatalytic activity of Ni doped ZnS in methyl orange dye [21]. The effective surface area of ZnS
nanoparticle decreases with the increasing concentration of the Ni2+ ions which in turn reduces the
photodegradation capability of ZnS. From this result, it can effectively be formulated that ZnS nanoparticle
doped with highest concentration of Ni (1.5%) shows lowest adsorption of methyl orange dye and its initial
saturation value is very low compared to other concentrations [22-26].
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Fig.7 Results of photocatalytic degradation of MO using Ni%* doped ZnS catalyst under visible light
irradiation.

The next factor affecting the photodegradation process is the dispersion stability of ZnS nanoparticle. The
dispersion stability of ZnS decreases with the addition of Ni?* ions which reduces the effective surface area of
ZnS nanoparticle resulting in low dye degradation of methyl orange [28]. Thus form the above result it can be
implied that higher the Ni concentarion in the ZnS sites, lesser is the effective surface area of ZnS available for
reaction in the Methyl orange zone and lower is the degradation of the chosen dye. In our study, 0.5% Ni
substituted ZnS nanoparticle had higher initial saturation value due to lower Ni2+ ion content compared to 1.0%
and 1.5% Ni substituted ZnS nanoparticles. Thus, the present results offer nickel as the effective dopant for the
decreased photocatalytic activity of ZnS.

V. CONCLUSION

Nanoparticles of pure and PVP encapsulated ZnS:Ni (0.5%, 1.0% and 1.5% of Ni) have been successfully
synthesized by modified co-precipitation method using oxalic acid as the precursor. The encapsulated ZnS:Ni?*
nanoparticles showed better dispersion as they were adsorbed on the surface of nanoparticles so as to overcome
the steric effect between nanoparticles and prevent agglomeration. The structural, optical, and photocatalytic
properties of ZnS are significantly changed after the incorporation of Ni%* ions in the ZnS lattice site. The XRD
result confirms the zinc blende (cubic) structure of Ni doped ZnS nanoparticles without forming secondary
phases. The particles have uniform size distribution of approximately 3.5-4.8 nm. The morphological
investigation shows the nanophase formation of the as prepared samples with average particle size ranging from
4.04 to 3.43 nm. The photocatalytic analysis reveals that, among the different ratio of Ni?* substituted ZnS
nanoparticle, 0.5% Ni substituted ZnS exhibited excellent degradation activity of Methyl orange dye due to the
increased Ni surface states in ZnS. The degradation efficiency of 0.5% Ni doped ZnS reaches 97% under UV
irradiation for 30 min, which may originate from the small size with big specific area of the sample. The present
study demonstrates that minimum quantities of Ni%* ions are sufficient enough to stimulate photocatalytic
activity of ZnS considerably. Surface modification of ZnS:Ni?* nanoparticles with biocompatible substitutes are
can serve as fluorescent probes for biological and medicinal applications such as targeted drug delivery.
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