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Abstract

Honey, a common natural product contains biomolecules responsible for the reduction and stabilization of nanoparticles. In this paper, we have
demonstrated the cost effective, eco-friendly green synthesis of zinc sulphide nano/microstructures by chemical co-precipitation method using honey
as the stabilizing agent. The structural and morphological properties of zinc sulphide nano/microstructures were studied by X-ray diffraction, scanning
electron microscopy, energy dispersive X-rays spectroscopy and Fourier transform infra-red spectroscopy. Comparative studies on the synthesized zinc
sulphide nano/microstructures before and after calcinations (700 0C) were carried out using UV-visible and photoluminescence spectroscopy. UV-
visible spectroscopy data shows that there is blue shift of the absorption peak for the synthesized zinc sulphide nano/microstructures sample (Eg=4.08
eV) and red shift of the absorption peak for the calcinized (700 oC) sample (Eg=3.37 eV) with respect to bulk sample. X-ray diffraction data reveals that
phase transformation has occurred after calcination from cubic zinc blende structure to hexagonally packed wurtzite structure and it is also partially

oxidized to zinc oxide.
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Introduction

Zinc Sulphide (ZnS), a direct wide band gap, (I1I-VI) group,
optically transparent semiconductor [1,2] has gained great
importanceasphosphormaterial forfabricatingphotoluminescence,
electroluminescence as well as luminescence devices [3]. ZnS
can be widely utilized in photonics, optoelectronics with diverse
applications such as optical coatings, field effect transistors, sensors,
transducers and in many other optoelectronic devices such as blue-
emitting diodes, electroluminescence devices and solar cells. ZnS
exhibits a wide band gap (Eg=3.66 eV) [4], which is responsible
for its fascinating properties and potential diverse applications in
optical devices. The most important feature of ZnS nanostructure is
its amazing physical and chemical properties, which are drastically
differ from that of bulk semiconductor, i.e. ZnS nanostructure
exhibits wider band gap and quantum size confinement.

ZnS crystallizes into two allotropic forms; zinc blende or
sphalerite which can exist in cubic form and wurtzite which can
exist in hexagonal close packing form [3,5,6]. Among these two
structures, cubic form is stable low temperature phase [7]. ZnS of
different sizes and shapes can be prepared in the form of thin films,
powders and colloids using techniques such as solvothermal [8,9],
chemical vapour deposition (CVD) [10], chemical precipitation
[11], microwave radiation [12,13], mechano-chemical synthesis etc
[14]. ZnS nanostructures can be prepared via different protocols,

including solid-state reaction, sol-gel process and hydrothermal
method.

Nanobiotechnology, a new branch of nanotechnology can
provide an economically viable and environmental friendly green
synthetic protocol alternative to commonly used chemical and
physical method of nanoparticles synthesis. Nanomaterials can
be synthesized using microorganisms, including bacteria, viruses,
fungi as well as plant and animal based products. A wide variety
of metal nanoparticles had been synthesized using microorganisms
[15,16], as well as plant and fruit extracts [17-20].

Honey, a natural sweetener can be produced by bees using
nectar from flowers. It contains several biomolecules responsible
for the reduction and stabilization of nanoparticles from metal
salts precursors and has been exploited by several groups for the
synthesis of metal nanoparticles including gold, silver, palladium
and platinium [21-24]. Still, there is much more space for the
improvement in bio-based methods of synthesis for metal and
semiconductor nanoparticles. Although, ZnS nanoparticles had
been biogenically synthesized recently using edible mushroom
Pleutotuss ostreatu [25], it has not yet been prepared using honey.
In this paper, we have described the green synthetic protocol for
the preparation of ZnS nano/microstructures using honey as the
stabilizing agent. As per our knowledge, this is the first instance of
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biosynthesis of ZnS nanostructures from honey. The biosynthesized
semiconductor nano/microstructures were characterized by X-ray
diffraction, scanning electron microscope, energy dispersive
X-rays spectroscopy and Fourier transform infra-red spectroscopy.
Comparative studies on the synthesized zinc sulphide nano/
microstructures before and after calcinations (700 0C) were
carried out using UV-visible and photoluminescence spectroscopy

to determine the stability and structure of ZnS.
Experimental

Zinc acetate dihydrate (C,H,0,.Zn.2H,0) and sodium sulfide
(Na,S) were used as precursors in our synthesis, which were
obtained from Sigma Aldrich. Honey was used as stabilizing agent
in our synthetic protocol. All the aqueous solutions were prepared
using Millipore water.

For the green synthesis of ZnS nano/microstructures, freshly
prepared aqueous solution of zinc acetate dihydrate (0.1gm) and
sodium sulphide (0.85gm) were used at room temperature. To the
mixture of aqueous solution of zinc acetate dihydrate and honey,
solution of sodium sulphide was added dropwise with continuous
stirring at 2000rpm resulting in the formation of white precipitate.

Results and Discussion

Stirring was continued for 30 minutes for the completion of the
reaction. The product obtained in the form of white precipitate
was centrifuged and washed twice with Millipore water and dried
naturally. One part of the biosynthesized ZnS sample was calcinated
at 700 oC. The synthesis process can be summarized by the chemical
equation given below

Zn(C,H,0,), + Na, S""¥ ZnS + 2NaC,H,0

The morphology of the synthesized ZnS sample was studied
using a (JEOLJSM-6360A) scanning electron microscope (SEM)
and the purity and elemental analysis was carried out using energy
dispersive X-ray spectrscopy (EDAX). The crystal structure of the
synthesized sample before and after calcinations at 700 0C was
studied by X-ray Diffraction (XRD) using a D8 Advanced Bruker
instrument with CuK radiation (1.54 A) atthe scanning rate of 1min-
1. Fourier transform Infra-red (FTIR) analysis of the samples were
recorded over 4000 to 400cm™ wave number region with Bruker
(Vector 22) mid-IR spectroscopy (Bruker, Germany). Absorption
spectra were recorded using a Perkin-Elmer (Lambda-950) UV-
Vis NIR spectrophotometer. The photoluminescence spectra were
obtained usinga (Shimadzu-2100) fluorescence spectrophotometer.
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Figure 1: The SEM image as well as the EDAX spectrum of as synthesized honey-mediated ZnS sample.

-_.-.-.—T -

5Ka cxh

— Zuka
Lnkh

| P T T T T T
200 300 4,00 5,00 600 7.00

—

200 .00 1000

LV

The morphology as well as the structure of the biosynthesized
ZnS obtained from honey was determined using SEM.One part
of the synthesized ZnS sample was calcinated at 700 0C (Figure

1A & 1B) illustrates the SEM as well as the EDAX spectrum of as
synthesized ZnS sample. As shown from the SEM image in Figure
1(A), both micro and nanoparticles were obtained.
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The EDAX spectrum shown in Figure 1(B) indicates that there
are clear peaks for zinc and sulphur with the composition of the

honey mediated biosynthesized sample is mainly zinc (57.45 at%)
and sulphur (42.55 at %).
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the honey  Figure 3: (A) The UV-visible absorbance spectrum; (B) The XRD pattern; (C) The FT-IR spectrum, and (D) The Photoluminescence
Figure 2A, spectra of biosynthesized honey-mediated ZnS nano/microstructures after calcination at 700 oC.

fairly a blue shift from the absorption edge of the bulk ZnS sample
at 345nm. The band gap energy (Eg in eV) calculated from the
absorption data was found to be 4.08eV. This signifies the reduction
of particle size with widening in the band gap energy compare
to bulk value of 3.66 eV, which can be explained by the quantum
confinement effect [2].

The XRD pattern of our synthesized ZnS sample is shown in
Figure 2B. Three diffraction peaks were obtained with 26 values
28.73°, 48.02° and 56.90° corresponds to (111), (220) and (311)
planes respectively signifies of sphalerite or zinc blende structures
of ZnS (JCPDS no. 05-0566), which confirms the purity of the
sample and suggests that the sample is in the cubic form of zinc
blende structure [26]. The average crystallite size (D) of the ZnS
sample was calculated using the classical Scherrer formula: [27,28]

Do kA -
Pcosd
where, the constant k is the shape factor usually equal to 1, A

is the wavelength of X-ray, B is the Bragg’s angle and {3 is the full
width of the half maxima (FWHM). The average crystallite size of as

functional groups of biomolecules in honey, which are responsible
for the stabilization of ZnS nano/microstructures. Figure 2C shows
the FTIR spectra in the range of 4000-400cm1. The significant
vibration peaks observed [26,29-31] at 470, 617, 669 and 1022cm-
1 are due to symmetric bending arising from Zn-S vibration. Peaks
obtained at 1340 & 2341cm™ is due to adsorption of atmospheric
CO2 on the surface of the synthesized particles [26,30]. The peaks
in the range of 3000-3600cm™ are attributable to O-H stretching
frequency which indicates the presence of water adsorbed on the
surface of the ZnS particles. The water was probably introduced
from the atmosphere during FTIR analysis. Proteins present in
honey can either bind through free amine group or carboxylate
ion (-COO-) residue present in it. A weak band at 1716cm™ is
characteristic of the C=0 stretching mode of carboxylic acid. Amide
I and amide II are the two prominent IR bands of the proteins. The
IR bands around 1647cm1larise from amide Idue to the stretching
vibrations of the C=0 and C-N groups and band at 1541cm is from
amide Il mainly due to N-H bending. Peak observed at 1022cm is
from C-0-C symmetric stretching vibration of proteins [21,22].
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Photoluminescence spectra of ZnS sample is demonstrated in
Figure 2D. As shown in the Figure, the plot contains two peaks at
334.6 and 423.8nm for ZnS sample. Appearance of a broad peak
centered at 423.8nm can be attributed to the presence of sulphur
vacancies in the lattice [6]. The other peak at 334.6nm is due to the
band to band transition of ZnS.

XRD and FTIR studies were carried out on the biosynthesized
ZnS sample after calcinations of at 700 0C. Similarly, comparative
studies on the synthesized zinc sulphide nano/microstructures
before and after calcinations (700 0C) were carried out using UV-
visible and photoluminescence spectroscopy. Figure 3A shows the
UV-visible spectrum of ZnS sample after calcination. The absorption

peak after calcinations at 700 0C appeared at 369nm, which clearly
exhibits a red shift from the absorption edge of the bulk ZnS. The
band gap energy (Egin eV) calculated from the absorption data was
found to be 3.37eV for the ZnS sample after calcinations at 700 oC.

Figure 3B represents XRD pattern for calcinized sample at 700
°C, it shows the diffraction peaks obtained at 26 values are 32°,
34.7°, 66.4°, 70.3°, and 77.5° corresponding to the (105), (106),
(016), (011), and (214) planes of ZnS according to JCPDS (card
no: 72-0163) reveals that ZnS has hexagonal packed wurtzite
structure [29] and the values 36.5°, 47.9°, 56.8°, 63.1°, 68.2°, 72.8°
corresponding to the (101), (102), (110), (103), (112), (004) planes
of Zn0 according to JCPDS (card no: 75-0576) [32,33].
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Figure 3: (A) The UV-visible absorbance spectrum; (B) The XRD pattern; (C) The FT-IR spectrum, and (D) The Photoluminescence
spectra of biosynthesized honey-mediated ZnS nano/microstructures after calcination at 700 oC.

This result indicates that the ZnS sample can get transformed
from the cubic zinc blende structure to hexagonal packed wurtzite
structure and part of it gets converted into zinc oxide (ZnO). The
average crystallite size of the calcinated ZnS sample at 700 oC,
corresponding to ZnS crystallites as estimated from XRD was
21.2nm and that for ZnO crystallites, the estimated value was
36.4nm. Therefore, it can be seen that the calcinations effects will
contribute towards the improvement of crystallite size, which may
be due torecrystallization effects at higher calcinations temperature
[34]. This indicates that the higher calcinations temperatures may
lead to complete conversion of ZnS in to ZnO. The possible oxidation
reaction for conversion of ZnS in to ZnO is as given below in which

sulfur dioxide gas is released as a byproduct. The oxygen required
for reaction if taken from air.

+S0.1

2 (Gas)

27nS

(solid)

+202 (,,(>7000C)2 ZnO

(solid)

Table 1 shows the 260 values and crystallite size determined for
different (h,k]) planes as observed from the XRD patterns for as
synthesized ZnS sample and calcinated mixed phase (ZnS+ ZnO) at
700 oC.

Figure 3C shows the FTIR spectra of ZnS sample after
calcinations. Significant vibration peaks are observed at 669, 1128,
2341, 2361cm™ and small peaks are also observed at 1636 and
3371cm™. The decrease in intensity of peaks obtained at 1340 and
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2341cm™ signifies that part of the adsorbed atmospheric CO2 gets
desorbed from the surface of calcinized ZnS sample. The absence
of peaks in the range of 3000-3600cm™ indicates the desorption
of adsorbed water molecules from the surface of calcinized ZnS
sample.

Table 1: The as measured values of 26 and Grain size for different

(hkl) planes from XRD patterns for ZnS before calcination and the
ZnS* and ZnO' mixed phase after calcination at 700 °C.

Plane 20 Grain Size (A)
(111)* 28.73° 22.6
ZnS as Synthesized
(220)* 48.02° 33.5
(311)* 56.90° 53.6
(105)* 32° 208
(106)* 34.7° 215
(101) 36.5° 221
Calcinated (ZnS* +ZnO) (102) 47.9° 264
Mixed Phase (110) 56.8° 322
(103) 63.1° 393
(112) 68.2° 478
(004) 72.8° 506

Figure 3D displays the photoluminescence spectra of the
calcinized ZnS sample. As shown in the Figure, the plot contains
two peaks at 337.4 and 490.6nm for ZnS sample after calcinations.
Appearance of a broad peak centered at 490.6nm can be attributed
to the presence of oxygen vacancy defects [35], which suggests that
ZnS sample is partly oxidized to ZnO during calcinations. The other
peak at 337.4nm is due to the band to band transition of ZnS. There
is also significant increase in the photoluminescence intensity of
the calcinized ZnS sample, which makes it compactable for vast
array in luminescence based applications.

Conclusion

In this paper, we have successfully demonstrated a simple cost-
effective green synthetic protocol for the preparation of honey
mediated cubic zinc blend structured ZnS nano/micro particles
with band gap energy 4.08eV. The structural and morphological
properties of zinc sulphide nano/microstructures were studied
by X-ray diffraction, scanning electron microscope, energy
dispersive X-rays spectroscopy and Fourier transform infra-red
spectroscopy. It can exhibit a phase transformation to hexagonally
packed wurzite structured ZnS (3.37eV) after calcinations at 700
oC as demonstrated by XRD studies. Partial oxidation to ZnO
after calcinations has lead to increase in the photoluminescence
intensity which makes it compatible for vast array in luminescence
based applications.
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