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Microwave radiations are used to synthesize zinc sulphide (ZnS, cubic phase) nanoparticles by
using single precursor at different synthesis temperature and irradiation time. Absorption peaks
of ZnS nanoparticles of size ~15 nm are found within the range of 250-320 nm by UV-Visible
spectroscopy. The band gap energies of prepared ZnS nanoparticles are higher than the bulk
value of ZnS. The blue shift of UV absorption peak gives evidence of decrease in particle size.
Aggregates of large number of small sized spherical nanoparticles are observed by scanning
electron microscope (SEM).

1. Introduction

Semiconductor nanoparticles have played a major role
in  many practical applications. The demand of
semiconductor nanoparticles in industrial area is
increasing day by day due to their vast applications in
electronic and optoelectronic devices. Zinc sulfide (ZnS)
semiconductor belongs to group 1I-VI of periodic table
and has attracted a vast attraction due to its efficient
properties. Band gap of ZnS is 3.72eV for cubic zinc
blende and 3.77eV for hexagonal wurtzite structures. As
band gap of ZnS can be tuned in ultraviolet region so,
ZnS semiconductor is most suitable and appropriate for
UV-Light based devices like solar cells, transducers, field
effect transistors, gas sensors, biosensors, nano-
generators, chemical sensors and UV-light sensors [1].
High refractive index and quantum confinement makes
the ZnS nanocrystals as a useful emitting source within
blue to ultraviolet range. ZnS is highly transmitted
material within visible range and widely used as best
materials for light emitting diodes (LEDs). These LEDs
are used in reflectors [2] and flat panel displays [3] etc.
due to their best results in color emission and high
resolution.

Among a number of techniques for controllable shape,
size and growth of ZnS nanoparticles, radiation assisted
approach is one of the emerging method to synthesize
nanoparticles in one step. Electromagnetic radiations like
ultraviolet, microwaves and laser etc. are widely used to
prepare nanoparticles on commercial scale. Radiation
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based approach is simple, quick, and efficient to
synthesize nanostructure within short time period [4].
Synthesized nanoparticles, clusters, powders and wires
are nowadays used in commercial areas to make different
devices at nanoscale with enhanced mechanical strength,
thermal stability and electrical conductivity.

Microwaves (MW) are the electromagnetic waves
with long range 1mm-1lmeter and have frequency of
300MHz-300GHz. Microwaves provide a rapid heating
and the nanostructures are prepared within several
minutes under Megawatts power. Microwave assisting
synthetic technique is also a quick, facile and less
hazardous technique to prepare nanoparticles of different
crystallized structure.

Many conventional and microwave hydrothermal
methods were adopted by researchers for synthesis of zinc
sulfide (ZnS), copper sulfide (CuS) and tin sulfide (SnS)
nanoparticles of different shapes and size. The best results
were reported for sulfides prepared by microwave
hydrothermal process at low temperature of 100-200°C
within 15 min. [5]. Flake like ZnS nanoparticles of
hexagonal phase were synthesized at 110 °C in 5 min. by
microwave thermolysis technique successfully [6].
Hexagonal phase of irregular shaped ZnS nano crystallites
were displayed as prepared by microwave assisted
Solvothermal (MAS) approach [7]. The microwave
assisted technique has advantages over other synthetic
routes that include synthesis of nanoparticles and phase
achievement at low temperature and less time scale by

165



A. Sabah et al. / The Nucleus 52, No. 4 (2015) 165-168

controlling different parameters. Many nanostructured
materials like nano wires, rods, dendrites, tubes and
particles can be synthesized using MW radiation assisted
approach [8].

2. Experimental

ZnS nanoparticles were prepared by using (zinc
acetate) Zn (CH;COO), (Riedel-deHaen, Sigma-Aldrich),
elemental sulfur (S) (ORBIT Laboratories) as precursors
and (dimethylsulfoxide DMSO) C,HsOS (Fluka Riedel
Sigma Aldrich) as a solvent. All the chemicals used were
of analytical grade 99.9% pure without further
purification. An appropriate amount of Zn (CH;COO), ,
as mentioned in Table 1 was mixed with elemental sulfur
S in 50 ml of DMSO accordingly as reported [9-11].
Solution of weighed material was stirred for 10 min using
magnetic stirrer to homogenize the solution properly.
Initially the ZnS solution was transparent. Series of these
prepared samples were annealed under microwave
(Domestic microwave oven Haier hpk-2070m/ms having
2.45GHz frequency radiations and power of 700-900W)
radiations for 60, 90, 120, 150, 180, 210, 240 seconds,
respectively. Table 1 illustrates the number of samples
and their synthesis varying parameters.

Table 1: Experimental conditions employed for microwave assisted
synthesis of ZnS nanoparticles

Sr No (Zg')n ¢ acetate S(g) (DmI\I/I)SO i,\rl:'lacdric;\ﬁzxetime
(sec)

1 0.702 0.082 50 60

2 0.702 0.082 50 90

3 0.702 0.082 50 120

4 0.702 0.082 50 150

5 0.702 0.082 50 180

6 0.702 0.082 50 210

7 0.702 0.082 50 240

3. Mechanism of Reaction

Synthesis of ZnS nanoparticles may follow by the
decomposition of precursors by heat and radiations as a
result number of chemical reactions took place.
Dimethylsulfoxide (C,HgOS) solvent decomposed to
produce hydrogen sulfide (H,S) gas. Zinc acetate
(Zn (CH3COO0), was decomposed and reacted with H,S
gas to produce zinc sulphide (ZnS) along with sulfuric
acid and methyl alcohol as bye products.

heat & radiations

C, Hg 0S ——————— CH3S0+ CH; (1)

Water molecules of cupric acetate break by assisting
microwave radiations

heat & radiations

2H + elemental S ——  H, S(gas) (2)

heat & radiation

Zn(CH;C00), ————— Zn?T2CH;C00~ (3)
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Zn** + 2CH;CO0™ + 2H* + §2~
heat & radiations

——————— ZnS(spua) + 2 CH;COOH (4)
'OH + OH + CH3S0 + CH3

heat & radiations
—— > CH403S (methyl sulfonic acid ) +
CH; OH (methyl alcohol) (5)

After a given reaction time, the sample was washed
many times with distilled water and centrifuged. The
series of prepared solutions were irradiated by microwave
radiations for different time and temperature, as
controlled parameters. The color of solution changed to
milky from transparent, when it was assisted to
microwave radiations for 30 sec at temperature greater
than 40°C. The increase in time and temperature showed
change in color of irradiated solutions from pale yellow to
dark yellow.

After irradiating the solution for different time and
temperature it was kept for few days to let the particles
settle down properly at the bottom of beakers. After that
yellowish solution prepared under microwaves assisted
nanoparticles were dried at 200°C in an electric oven (The
Wiseman, Daihen, Korea conventional drying oven) for
an hour.

4. Results and Discussion

Optical properties were analyzed by using UV-VIS
spectroscopy. The absorption peaks of the prepared ZnS
nanoparticles were found to be in ultraviolet region as
compared to bulk in visible region. Optical absorption
spectra recorded for ZnS nanoparticles annealed by
microwaves for different time as shown in Fig. 1. The
absorption peaks were broader than peaks recorded for
ZnS nanoparticles synthesized by ultraviolet radiations
[12]. This may arise as the nanoparticles synthesized
by microwave assisted approach are less mono-dispersive
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Fig. 1: Comparative graph of UV-VIS absorption spectra for ZnS
nanoparticles synthesized by microwaves at different time
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because of the fact that this technique is abrupt and rapid
and particles agglomerate with each other and couldn’t
get enough time to settle themselves as mono-depressed
particles.

Band gap energies for all the ZnS nanoparticles
irradiated by microwaves were plotted using Tauc’s
equation. The band gap energies calculated for all the ZnS
nanoparticles and are found to be 3.79, 3.85, 3.89%eV,
3.92, 4.0 and 4.1 eV, respectively. These values are
greater than bulk ZnS value of 3.71eV. This arises due to
manifestation of quantum confinement in particles as the
reduction in particle size increased the energy level
spacing and hence wider band gap energies were recorded
for particles. The energy level varied as a function of size,
hence wider band gap showed decrease in particle size as
a result of quantum confinement.

Comparative Tauc’s plots of all the samples are shown
in Figs. 2 and 3. From these plots band gap energies were

calculated by extrapolating linear region to the
X-axes.
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Fig. 2: Comparative illustration of Tauc's plot to determine bandgap
energies for all the prepared ZnS

The calculated band gap energies are shown in Table 2
and are plotted in Fig. 4. This showed that as the radiation
time increased the band gap energies of ZnS particles also
increased.

4.2. Morphological Studies

Micrographs of ZnS nanoparticles were taken by
S-3400 Hitachi, Japan, Pitman, PCSIR Lab. to observe
role of synthesis time and temperature on surface
morphology.

The Fig. 4 showed SEM images of the prepared ZnS
nanoparticles. The images were taken at high and low
resolution that showed the irregular collective large
number of small nanoparticles. The samples prepared by
microwaves were irregular aggregates of large number of
small nanoparticles. The average size of spherical

nanoparticles calculated from Image J software was found
to be 15 nm to 20 nm [13].
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Fig. 3: Band gap energy trend for ZnS nanoparticles annealed by
microwave radiations

Table 2: Absorption peaks and band gap energies of ZnS nanoparticles

No. of Microwave Band gap Absorption peaks
Samples Irradiation Energy (nm)
time (sec) (eV)

1 60 3.79 307

2 90 3.85 307

3 120 3.89 301

4 150 3.76 297

5 180 4 297

6 210 3.92 302

7 240 4.1 308

In literature the role of specific assisted radiations and
different parameters like time and temperature for the
synthesis of ZnS nanoparticles and their affect on size,
shape and morphology of prepared particles was
investigated and the solvent used DMSO
(dimethylsulfoxide) was also helpful to develop
nanoparticles of spherical shape [13].

5. Conclusions

The microwave method provide quick rise in
temperature and this makes the technique as a quick way
to produce small nanosized particles. But on the other
hand parameters of microwave synthesis technique were
difficult to control as compare to other radiation based
synthesis technique.

Radiation based synthesis of ZnS nanoparticles was
found to be easy to use and environment friendly as ZnS
nanoparticles were prepared by less hazardous single
source precursor. Non-ionizing character of microwaves
radiations made this technique quite suitable for practical
point of view.
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Fig. 4: SEM image of ZnS nanoparticles (a) at high magnification
(b) at low magnification

The UV-VIS spectroscopic analysis shows that
absorption peak is in ultraviolet region. All the absorption
peaks appeared in 250-320 nm. The band gap energies
of all the prepared ZnS nanoparticles are higher than the
bulk value. The band gap energies display blue shift with
increasing irradiation time that gives evidence of
reduction in size of particles. Microwave produced
smaller nanoparticles because of abrupt microwave
heating and as a result reduction in size. Scanning
electron microscopy SEM showed the aggregates of large
number of small spherical nanoparticles.
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