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Abstract

In this work undoped Zinc Sulphide (ZnS) nanoparticles (NPs) and doped with Cobalt (Co) having dopant concentration 0.5%, 1.0%,
1.5% have been synthesized by hydrothermal method, in which ethylenediamine (EDA) has used as capping agent. An investigation has
been made on the changes of structural, optical, molecular as well as electrical properties, occurs due to doping. X-ray diffraction (XRD)
patterns reveal the idea about formation of samples with crystalline nature having intense peaks which are consistent with the primary
cubic phase of zinc blend and nano-sized particles. None of any peak corresponding to doped material Co was noticed which means the
Co ions had been incorporated successfully without vast modulating the original crystal structure. In association with hexagonal phase
was found due to weak signature of ZnS. It has been pointed out from UV-Visible spectra the value of optical gap energy is a function of
Cobalt concentration and quantum confinement process occurred. The occurrence of blue shift phenomena has been confirmed by the
observed variation of the optical gap range between 4.01 to 4.79 eV. FTIR spectra showed ZnS characteristics frequency band position
did not exhibit any distinguished change with doping what acknowledged the Co was well substitution of Zn into ZnS NPs. In photo
luminance (PL) spectra the PL intensity did respond appreciable with modifying the Co concentration. The agglomerated NPs with almost
spherical shaped and elemental compositions with stoitiometric ratios were confirmed by Scanning Electron Microscope (SEM) images
and Energy Dispersive X-Ray (EDX) spectra respectively. Measured values of AC conductivity increases with Co concentration at higher
frequency range which may make these materials useful at high frequency regime. Therefore, conclusion can be done, these studied ZnS

doped with Co materials can show their applicability in spinotronics and photo luminescent devices.
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Introduction

In the last few decades most intensive research both
theoretical and experimental is going on nanomaterials
semiconductors in order to understand their marvelous
optical, electrical and optoelectronics properties. ZnS is
very popular semiconductor material due to its versatile
characteristic’s nature having two main crystalline forms,
one is cubic (zinc blend) another is hexagonal. Among them
cubic is more stable having band gap energy about 3.54 eV
and 40 meV is the excitation binding energy whereas
hexagonal has wider band gap of 3.91 eV. This duality helps
ZnS for being outstanding polymer [1]. Apart from these,
recent research on this material provides the information
that it exhibits rhombohedral structure also [2]. For its

luminescent property in photo electronic device, ZnS
become very useful in the window materials [3], solar cell
[4-5], laser diode [6-9].

The electrical, optical and magnetic properties of ZnS can
be tuned with the suitable incorporation of rare earth (RM)
and transition (TM) metals [10]. Last decades, efforts to
have prepared ZnS NPs doped with TM and RM was very
admirable [11-18]. The variation of the optical band gap
energy Eq gambles on dopants type. TM metals have smaller
ionic radii compared to Zn?* and sp-d spin exchange
interaction for which TM doped (Fe, Ni, Co, Cr) ZnS NPs
have increased Eg [19-23] but doped with RM (Th, Dy, Sm)
dopants ZnS NPs got decreased Eg due to higher ionic radii
and sp-f spin exchange [24-25].The d-orbital of Co mixes
with the valence band and conduction band of the 11-VI
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materials that is why stronger coupling occurs in between
Co and 11-VI materials [26]. Apart these reports gathered
from many researches the radii of Co?* and Zn?* are
respectively 0.58 A and 0.60 A, as a result Co?* substitutes
Zn?* at lattice site up to 15 at % to 20 at % in ZnS NPs
without any drastic change of host lattice structure. So
cobalt doped ZnS NPs are required investigation for
structural, electrical, optical and magnetic properties [27].
Also, zZnS with Co NPs show paramagnetic and
ferromagnetic nature depending on amounting of doping
[28]. The hydrothermal method was chosen to employ here
among the all-diverse types of synthesis process and several
advantages [29-30].

In this work pure ZnS and doped with Co NPs have been
prepared with different concentration of cobalt (0.5%,
1.0%, 1.5%). The main focus is to do analysis of the
structural, electrical, molecular and optical, properties by
using respectively XRD, UV-Visible, PL, FTIR, and
dielectric measurement systems. SEM and EDX identified
the morphologies and chemical composition.

Experimental Details
Sample Preparation

To synthesis required chemicals zinc acetate [Zn(CHs;
C00)2.2H,0], thiourea [(NH:).CS], cobalt chloride
[CoCl,.6H,0] and EDA [CzHgN2] which were analytical
grade need not further purification. All glass wares were
cleaned properly by using acid. Appropriate amount of Zn
(CHsCOO)z.ZHzO, CoCl,.6H,0 and (NHz)zCS, were
deliquesced in eighty milliliter deionized water and EDA
with same ratio of volume. For obtaining homogeneous by
using magnetic stirrer mixture was agitated for 1 hour at
normal temperature. After this solution was transformed to
100 ml silver lined stainless steel autoclave, filled 80%
volume of it. Then the solution containing autoclave had
been keeping furnace at temperature 200 °C for half of a
day. After which it was conceded to settle naturally at
acceptable temperature. Lastly obtained feculence
consecutively filtered & then scrubbed by using ethanol and
demineralized water several times. The final product was
dried in oven at 100 °C for overnight. To have the (0, 0.5,
1.0 and 1.5) % Co concentrated ZnS NPs this synthesized
process was conducted repeatedly.

Sample Characterizations, Outcome and Investigation:
Structural analysis

The nature of crystal structure, size of particle and phase
have been investigated from the study of XRD pattern
shown in Figure 1. The well-defined peaks at wide range of
20 confirms self-prepared specimens are polycrystalline
nature. From figure 1 the observed peaks of diffraction are

located at about 27.16°, 28.87°, 30.48°, 39.67°, 47.56°,
52.03°, 56.60° which correspond to respectively (101),
(008), (104), (108), (110), (1012) and (203) lattice planes of
zinc blend and hexagonal wurtize structure and these are fit
into with the standard JCPDS spectrum Card no. 72-0163.
No Bragg’s diffraction peak has detected for Co and its
oxide, sulphide and any impurity indicating absence of any
secondary phase, only single phase is dominant here and
Co?* ions doped successfully without considerable
transforming the crystal structure of host materials ZnS. It
has also noticed the peak intensity reduced gradually and
broadening occurs which signifies the diminishes of
crystalline quality of NPs due to distortion and induced
strain because of doping of Co?* ions into ZnS [31].

In conjunction with the diffraction peaks slightly shift
towards higher 20 values with compared to undoped ZnS
nanocrystals. This might be due to substitution of Zn%* ions
by Co?* in ZnS for which lattice constant could be reduced.

The reduction of lattice constant can be explained by the
fact that Zn?* has greater radius (0.074 nm) than that of Co?*
ions (0.072 nm). The average crystalline size was
determined by Debye Sherrer’s formula [32].
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Figure 1: XRD of pure and Co concentrated ZnS NPs.

Where ‘D’ is dimension of the particle, ‘k’ serves as
dimensionless constant with value 0.89, known as Sherrer’s
constant, A (15.418 nm) is the wavelength of Cu-K,, 3 and
0 are respectively line broadening corrected & Bragg’s
angle. The calculated crystalline size was gathered in Table
1 and the average crystalline dimension of pure and 0.5%,
1.0%, and 1.5% of Co doped ZnS were found to be 15.67
nm, 13.53 nm, 12.26 nm and 12.93 nm respectively. Thus,
it is clear the average crystalline size reduces with greater
concentration of Cobalt in the host materials.
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Table 1: Data regarding structure of undoped and Co doped ZnS
NPs from X-Ray Diffraction.

Co amount 26 (degree) crystalline size
(nm)
Undoped 28.60 15.67
0.5% 28.84 13.53
1.0% 28.73 12.26
1.5% 28.92 12.93

Ultra Violet visible spectra and Optical Band Gap
calculation

Figure 2 depicts the absorption spectra at room temperature
for the samples of pure and Co concentrated ZnS was
obtained in between wave length range from 200-800 nm.
The blue shift in the absorption is attributed to the quantum
size effect.

Undoped Zn5

1.0% Codoped Zn5

1.5% Codoped Zn5

Absorbance {a.u.)

0.0

T T T T T T T
200 300 400 500 800 700 200
Wavelength (nm)

Figure 2: spectra of UV visible for Undoped and Co contained
ZnS NPs.

Optical gap of pure and Co concentrated ZnS was made an
estimate by using Tauc relation which is given by

ahv = A(hv — E,)" )

Where o stands for co-efficient of absorption, Plank’s
constant is h, frequency of incident photon is v, A taken as
any constant whose value depends on characteristic
transition and E, is direct allowed band gap energy. The
value of n depends on the nature of transition here with
fitting value for ZnS is equal to %which certifies conceded

direct transition [33]. The curve of (ahv)? vs hv has shown
in the Figure, obtained energy gap values are 3.57, 4.45,
4.77 and 4.63 electron Volt respectively for pure and Co
doped ZnS NPs which are more than that of band gap value
of bulk ZnS (3.54 eV) [34] and this confirms the formation
of nano sized particles and the band gap energy increases
with increasing the cobalt (Co?*) concentration in host ZnS
NPs. This can be explained with the help of Burstein-Moss
effect. Which says while semiconductor materials ZnS NPs
are doped with transition metals with moderate

concentration then the bottom of the conduction band gets
populated by electrons from doped atoms for which
electrons require addition energy to boost to the empty state
in conduction band from valence band. As a result, band gap
(Eg) gets widen [3]. In addition, the widen of band gap can

also be interpreted by devolution of band bending effect.

Table2: Evaluated optical gap (Eg) of without and with Co
concentrated ZnS-NPs.

Co concentration Band gap energy (eV)
Undoped (Figure 3A) 3.57

0.5% (Figure 3B) 3.73

1.0%(Figure 3C) 4.28

1.5% (Figure 3D) 4.45
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=
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Figure 3: (a)-(d) Band gap determination from Tauc relation.

FTIR spectra analysis

To get information regarding molecular bond structure,
FTIR study is very fruitful tool. In Figure 4 the qualitative
analysis of FTIR spectra is shown in the range in between
4000 to 500 cm™1, where we can clearly observe broad peak
at 3200 to 3500 cm~! owing to O-H longitudinal vibration
due to stretching of absorbed excess H,0 [35]. Bands at
1628 cm™* arised for Zn-S lattice [36]. Absorption bands at
1433 cm™! is attributed to characteristics of hydroxyl
groups of ZnS samples [37]. The highly intensed peaks at
1110 cm™? indicate the Zn-S bonds for cubic structure of
lattice [38]. In these FTIR spectra it has been clearly noticed
with increasing cobalt amount there is no admissible change
is inspected which signifies the Co?*ions substituted the
Zn%* into host ZnS lattice without rigorous changing the
crystal structure which agrees well with the XRD results.

PL study
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Figure 4: Spectra for FTIR of undoped and Co doped ZnS NPs.

PL studies of pure ZnS and concentrated with Co is shown
in 5 no figure at room temperature where excitation wave
length was 325 nm. The intense peaks appear at 388.65 nm,
386.33 nm, 384.01 nm and 380.38 nm in the violet region
for pure and doping with Co (given percentage of 0.5, 1.0,

1.5) ZnS NPs respectively due to defect at lattice sites for
absence of either Zn?* or S?*ions in host ZnS.On account
of same reason, the radiative recombination process takes
place in between electrons at conduction band and holes at
valence band, which enables sharp intense peaks [39].

From Figure 6 at emission spectra, it can easily be noticed
the blue shift occurs on increasing the cobalt concentration
as compared to undoped ZnS NPs. Although, quantum
confinement effect is responsible for blue shift of the
emission peaks which is still not certain but it is let the blue
shift could be related to narrow particle size distribution,
surface defects etc. More researches are required for it [40].

Undoped Zns

1.0% Co doped Zn S
1.5% Co doped ZnS

T T T T T
350 400 450 500 550 600
Wavelength (nm)

Figure 5: Photo luminance emission spectra of pure ZnS and
doping with Co

SEM & EDX

Here is shown the SEM pictures of self-prepared
specimens in Figure 5. We could discern a granular
structure with a spherical shape from the Figures. The
incorporation of Co?*acquainted large assemblage in
small particles. Due to acceleration towards the
accumulation process the spherical shaped particle was a
bit change and become overall rod like by doping
Co?*.Some factors are responsible for this agglomeration
of nanoparticles which are doping ratio, charge
distribution in the system, pH-value, chemical reactions,
material solubility etc. The aggregation of two different
particles generates the shrinkage of spaces between
crystals. Higher Co?* concentration resulted in somewhat
smaller average particle sizes, indicating that colloidal
nano crystal are where the growth process begins [26].
The nanoclusters grew larger spherical particles during
chemical reactions, as a result further collided by
secondary spherical particles and fused to produce
multimeters [41]. Picture of EDX for pure and cobalt
doped ZnS have been displayed in Figure no 6. Pure and
contaminated with Co ZnS nanoparticles are having
clearly visible peaks. The peak provided evidence that Co
had been incorporated into ZnS nano particles.
Stoichiometry of nanoparticles is calculated from EDX
spectra using atomic and weight percentages of the
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elements and this shows that the particles are almost

stoichiometric.
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Figure 6: (a-b) SEM & EDX for pure ZnS and (c-g) doped
with Co ZnS NPs

Electrical Properties

The effects of doping in ZnS NPs on the electrical
parameters at room temperature were studied. The Figure 7
& 8 shows the plots of AC conductivity (o,c) and
impedance (Z) the range in between frequency from 2 to
200 kHz of pure and previous mentioned percentage of
doped with Co ZnS NPs. The value of o, is measured with
the help of impedance by the Equation (3)

d
Oac = 7A 3)
Where d, Z and A are representing the thickness, impedance
and AC conductivity of pallet respectively. It has been
noticed that for all samples,o,c shows the linear increase
with the increasing frequency. Again, with rising of cobalt
content in ZnS NPs, the value of o,cmakes improvement
with respect to undoped ZnS. This way of acting of AC
conductivity of doped ZnS nanoparticles are strongly
responsible for the surface defect of intermediate grain
boundaries.

—— Undoped Zn5

0.5% Codoped Zn5
1.0% Co doped Zn§
1.5% Co doped Zn§

AC conductivity

30000 60000 90000 120000 150000 180000

Frequency (Hz)

Figure 7: AC conductivity plot of ZnS and doped with Co.
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Figure 8: Impedance plot of ZnS and doped with Co doped.

In grains of conductions, the potential barriers of depletion
offer interfacial resistance between the boundaries of grains
which works as an insulating medium. At the domain of low
frequency, the tunneling effect is mainly responsible for
moving the carriers among the grains, in the domain of
higher frequency, obtaining adequate energy containing
Alternate Current electric field the carriers are able to pass
through between grains of interfacial potential barriers for
which their mobility becomes increased as a result the
compressive improvement of o,c with enhancing the
frequency [42-43].

Conclusion

In this work by hydrothermal method ZnS NPs doped with
cobalt (transition metal) were successfully synthesized on a
trot with changing the ratios of Co content. The structural
characterization of these nanoparticles was observed the
cubic structures with well-defined peaks for diffraction
which are supported by standard JCPDS card. No
distinguished peak has been observed for Co doping. The
particle sizes of pure and ZnS doped with Co NPs had been
calculated by using Debye Scherrer formula. From where it
can be found on increasing the quantity of Co into ZnS,
crystalline size reduces gradually. The value of optical gap
evaluated from Tauc plot and it gets widen with rising the
dopant contents which confirms the blue shift phenomenon.
No prominent changes observed in FTIR spectra of the all
samples determines the Co?* ions replace Zn?* ions in
lattice site. In PL spectra one can see the intense peaks
appear at violet region where greater is the molar
concentration of cobalt lower is the wavelength and higher
is the peak intensity which also supports the blue shift. In
addition to study of dielectric properties of Co doped ZnS
NPs degradation the depletion potential in grain boundaries
as increasing Co concentration with respect to undoped ZnS
which results, decreasing the dielectric constant improving
AC conductivity at higher frequency region. The emitted
spectra and tuning optical gap of ZnS doped with Co can be
employed the materials for applying numerous applications.
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