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Abstract
In this paper the synthesis of zinc sulfide nanoparticles by different 

routes has been discussed. The emergence of nanotechnology and 
the synthesis of nanomaterials have revolutionized the field of science 
and technology. ZnS tends to show the most promising nanoscale 
morphologies among the inorganic semiconductors thus possessing 
versatile novel properties and applications. These applications include 
their use in Field Emitting Diodes (FET), electroluminescence, sensors 
(UV-light sensors, gas sensors, biosensors), flat panel displays. This 
article begins with the brief introduction to ZnS its structure, description 
of physical, chemical and electronic properties. Further followed by 
the recent experiments conducted in order to improve its nanoscale 
properties and thus idealizing its applications.

Introduction
Nanotechnology

The emergence of nanotechnology is often credited to renowned 
Physicist Richard Feynman’s talk, entitled “There’s Plenty of Room 
at the Bottom: Invitation to Enter a New Field of Physics” held at 
an American Physical Society meeting at the California Institute of 
Technology in 1959. A nanometer is a one billionth of a meter i.e. 
10-9 m. The nanomaterials exhibit distinctive physical properties 
as compared to the bulk. The size dependent properties at this scale 
make nanomaterials capable of enhancing the performance and shelf 
life of number of products in the industrial sector.

Zinc sulphide

ZnS is one of the first semiconductors discovered that has 
shown the remarkable properties that can be exploited for versatile 
applications including field emitters, electroluminescence, electro 
catalyst, biosensors. Compared to bulk ZnS, nano ZnS possess 
anomalous physical and chemical properties such as: enhanced 
surface to volume ratio, the quantum size effect, surface and volume 
effect and macroscopic quantum tunneling effect, more optical 
absorption, chemical activity and thermal resistance, catalysis, and 
the low melting point.

Crystal structure

Zinc Sulphide (ZnS) is a very important II-VI semiconductor that 
has been researched widely due to its broad spectrum of potential 
applications. ZnS is chemically much stable as well as technologically 
much better than its alternative chalcogenides (such as ZnSe), hence 
is considered as a favourable host material. ZnS is a polymorphous 
material that is it exist in two crystalline forms namely Zinc Blend 
(sphalerite) and Wurtzite. In both forms the co-ordination geometry 
at Zn and S is tetrahedral. Zinc blend has more stable cubic form 
(fcc) whereas wurtzite has hexagonal form (hcp). ZnS exhibit large 
band gap of approximately 3.54 eV and 3.91 eV for zinc blend and 

wurtzite respectively. Due to its large band gap than ZnO (3.4 eV) it 
is considered more suitable for Visible and UV light based devices. 
Both structures have similar closest neighbour connections but the 
distances and angles to furthermore neighboru’s quietly differ. Zinc 
blend has four asymmetric units in its unit cell whereas wurtzite has 
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Figure 1: TEM image, SEAD pattern and HRTEM image on ZnS: Mn (1.32%) 
NPs.
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Synthesis Overview
      Ram Kripal et al., prepared ZnS: Mn+2 by co-precipitation method 
and conducted their photo luminescent and photoconductivity 
properties. UV- visible spectra shows blue shift as compared to bulk 
counterpart. PL spectra show orange emission that varies with Mn+2 
concentrations. The XRD studies estimated the size of nanoparticles 
to be around 2-4 nm. The TEM images overestimates the larger 
nanoparicle size due to drying step in sample preparation. The time 
resolved rise and decay of photocurrent indicates the anomalous 
behaviour during steady state illumination (Figure 1) [1]. 

Kanemeto et al. have reported the photo-physical and 
photocatalytic properties of ZnS nanoparticles and explained the 
role of defect levels in influencing the luminescence characteristics 
of quantum particles. PL studies revealed a peak at 325 nm (3.82 eV) 
which was due to transition of trapped electrons to valence levels. Thus 
it was concluded that capping agents are important in removing Zn 
dangling orbitals (electron traps) from the gap. Observation of broad 
red shift in luminescence and absence of band edge luminescence 
is due to unsaturated sp3 hybridized orbitals of surface S atoms. In 
this paper they have measured PL emission for various excitation 
wavelengths. They observed a broad peak at about 363 nm (3.41 eV) 
for all samples in the PL spectra for all organic passivating agents at 
220 nm excitation wavelength [2]. 

Manzoor et al. studied multi color emitting doped ZnS nanocrystals 
by making use of pyridine (P-ZnS) or Polyvinyl Pyrrolidone (PVP-
ZnS) as capping agents via wet chemical methods. The PL studies 
showed that the emission related to dopant from P-ZnS nanocrystals 
are due to energy transfer during band-to-band excitation of the host 
lattice. Although, in the case of PVP-ZnS, significant enrichment in 
the emission intensity was observed and the corresponding excitation 
spectra appeared to be broadened due to multiple excitation bands 
having peak maxima at 235, 253, 260, 275, and 310 nm. The presence 
of PVP related energy bands in the excitation spectra describe the 
process of energy transfer from the surface adsorbed PVP molecules 
to dopant centers in ZnS nanocrystals. Hence the study brings out 
a heterogeneous sensitizer-activator relationship between organic 
adsorbate and doped semi conductor nanocrystals [3].

Manoj et al. reported the study of energy transfer mechanism using 
different capping agents to intrinsic luminescent vacancy centers of 
ZnS. Co-precipitation method was used to synthesize nanoparticles 
of capped and uncapped ZnS. Sterically stabilized NPs were obtained 
using organic polymers: poly vinyl pyrrolidone, thioglycerol and 
2-mercaptoethanol. TEM observation revealed that Monodispersed 
NPs were observed for both capped and uncapped ZnS nanopowders. 
Though, tendency of forming nanorod like structures existed for 
nanopowders of uncapped ZnS. X-ray diffraction pattern gave the 
size in between 1.95-2.20 nm for capped nanostructures and 2.2 nm 
for uncapped nanostructures. Emission intensity and Band gap were 
observed to be increased on addition of different capping agents 
in comparison to uncapped ZnS NPs. Overall result revealed that 
Capped ZnS NPs showed more pronounced energy transfer from 
capping layer to photoluminescent [4].

Gilbert et al. combined real space Pair Distribution Function 
(PDF) analysis of nanoparticle structure with the particle size analysis 
(zetasizer) and FTIR to point out that the nature of surface solvent 

or ligand interactions will have an effect on the interior crystallinity 
of nanoparticles. The availability of particles with a variety of 
crystallinity provides a model system during which it’s possible to 
see the interior disorder effects of nanoparticle, where properties like 
mechanical stiffness and fluorescent quantum yield are affected. PDF 
analysis showed that samples of ZnS nanoparticle with similar mean 
diameters (3.2-3.6 nm) however synthesized and treated differently 
possess a dramatic range of interior disorder [5].

        Ghosh et al. synthesized Polyvinyl Pyrrolidone (PVP) encapsulated 
Zinc Sulphide (ZnS) nanoparticles by adding measured amount of 
zinc acetate, thiourea and PVP into N, N- Dimethyl Formamide 
(DMF) medium with consistent stirring at 150 rpm. The resulted TEM 
image of ZnS NPs explained the effect of capping on size separation. 
It exhibited that PVP capped ZnS nanoparticles were mono dispersed 
in nature. Their size ranging within 2-3 nm matches with of XRD 
results. Whereas uncapped nanoparticles on the other hand were 
aggregated and were larger in sizes than capped ones. This explains 
the use of PVP as capping agent. Also Blue shift in absorption edge 
as compared to bulk ZnS clearly explained the quantum confinement 
effect within ZnS nanoparticles [6].

Vacassy et al. fabricated ZnS nanoparticles in the powder form 
by using precipitation method from homogeneous solutions of 
various zinc compounds, with S2- as precipitating anion, formed 
by decomposition of thioacetamide. They observed that nucleation 
is enhanced by the use of acetic acid but restricted particle growth 
occurs due to formation of complex with zinc cations that lowers the 
concentration of free cations in the solution. Also, the complexing-
attachment phenomena of the ZnS particles with acetate and 
acetylacetonate anions leading to the seize of particle growth 
processes. The presence of complexed Zn2+ species in the acidic 
solution is demonstrated both theoretically (using a model based on 
the calculations of the solubility isotherms of the soluble species) and 
experimentally by Fourier-transform infrared techniques [7].

     Somayeh Nazerdeylami et al. synthesized ZnS: Mn+2 nanoparticles 
capped with PVP in aqueous solution by chemical method. Prepared 
samples were characterized by using UV-Visible spectroscopy, XRD 
and PL studies. The UV data reveals that the synthesized nanoparticles 
show absorption near 292 nm and also that the concentration of Mn 
does not alter the bang gap of nanoparticles. XRD studies show that 
the average particle size is 2 nm and ZnS nanoparticles cubic structure. 
PL studies performed at room temperature show the orange-red 
emission at 594 nm and its intensity increases with increase in Mn+2 
ion concentration (Figures 2 & 3) [8].

Sarika Pandey et al. prepared Manganese doped ZnS nanoparticles 
capped with histidine molecule by co-precipitation reaction from 
the homogenous solution of zinc and manganese salts. The PL 
spectrum shows the emission peak of doped nanoparticles at around 
590 nm. The XRD results calculated the average particle size of ZnS 
nanophosphor by Debye Scherrer’s formula to be of the order of 5-6 
nm. A small angle X-ray study shows the maximum uniform particle 
size distribution of 3.5 nm for the prepared sample (Figure 4) [9].
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J.F. Xu et al prepared Zn nanoparticles the inert-gas evaporation 
technique with induction heating method. As prepared Zn particles 
were mixed with Na2S solution. ZnS nanoparticles were synthesized 
under ultrasonic radiation. TEM observations showed that the ZnS 
nanoparticles are in a spherical form with an average diameter of 40 
nm (Figure 5) [10].

Properties of ZnS
Chemical Properties
Table 1:

Chemical formula ZnS
Molecular weight 97.46 g/mol

Group
Zinc-12

Sulphur-16
Crystal Structure Cubic
Lattice Constant 5.4093Å

Electric Properties
Table 2:

Dielectric Constant 8.9
Electronic configuration Zinc [Ar] 3d10 4s2

Sulphur [Ne] 3s2 3p4

Band Gap 3.54 eV
Electron Mobility 180 cm2/Vs

Hole Mobility 5 cm2/Vs

Thermal Properties
Table 3:

Heat of Fusion 390 J/g

Heat of Formation 477 KJ/mol

Thermal coefficient of Expansion 6.36 μm/m˚C

Thermal Conductivity 25.1 W/mK

Specific heat capacity 0.472 J/g˚C

Mechanical Properties
Table 4:

Density 4.079 g/cm3

Boiling Point 1185 ˚C

Melting Point 1850 ˚C

Flexural Strength 103 MPa

Modulus of Elasticity 75 GPa

Poisson’s Ratio 0.27

Optical Properties

Table 5:

Refractive Index 2.356

Physical Properties

Table 6:

Solubility in water Insoluble
Appearance Grey-white to yellow powder or pieces

Odour Sulphurous odour

Doping of Semiconductors
To modify the properties of intrinsic semiconductors they need 

to be doped. The doping concentration generally around one dopant 

atom per 105 atoms. The semiconductors are doped with impurities to 
create impurity centres that interact with electrons and holes and due 
to this interaction the middle gap states arising from surface species 
are shifted outside the gap region. The absorption a spectrum is not 
affected by doping however, the emission intensity is significantly 
enhanced. The doping is simply achieved by addition of the dopant 
into the reaction mixture. If the impurity-induced transition can 
be restricted as in the case of the transition metals or the rare earth 
elements, the radiative efficiency of the impurity-induced emission 
increases significantly. Thus doped nanomaterials make a significant 
contribution in the field of electronics, photonics, optics and medical 
sciences.

Doped zinc sulphide

ZnS nanoparticles have high surface to volume ratio thus 
exhibit large band gap and hence are more promising carriers 
of photoluminescence [11]. In order to use the semiconductor 
nanocrystals for the fabrication and commercialization of devices 
at nanoscale, it is required to synthesize nanoparticals with different 
physical and chemical properties and this can be achieved by doping. 
The dopants form the impurity centres that interact with the electrons 
and hole. The addition of impurities shift the central recombination 
from surface states to that of impurity states thus enhancing the 
radiative efficiency. ZnS nanoparticles doped with transition metal 
ions are the most important material for research in semiconductor 
nanocrystals and suggest a new class of luminescent materials. The 
Mn+2 ion have the electronic configuration [Ar] 3d5, these d states 
of Mn+2 hybridize with the s-p states of ZnS lattice thus resulting 
in faster energy transition between the two,hence increasing the 
quantum efficiency. The Mn+2 ions have the broad emission peak that 
depends upon the host lattice [12-15].

Potential Applications
Field Emission (FE) 

Figure 2: X-ray diffraction patterns for the ZnS: Mn2+ nanoparticles with the 
Mn2+ concentration of 1%, 5% and 10%.

Figure 3: Photoluminescence spectra of ZnS: Mn2+ nanoparticles with 
different concentrations of Mn2+.
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FE is the phenomenon defined as the emission of electron 
induced by external electromagnetic field. As ZnS nanostructures 
with excellent crystallinity can be obtained in high field, their uses 
in FET based devices have been demonstrated. ZnS is believed to 
be a promising field emission material since it has a very large work 
function (~7.0 eV) than the other popular materials like Si (~3.6 
eV), WO3 (5.7 eV), ZnO (5.3 eV). ZnS nanobelts/nanoribbons/
nanosheets exhibit enhanced field emission performance including 
emission current, field-enhancement factors, stability, turn on field. 
This is achieved by increasing their aspect ratio (length to thickness 
ratio), assembling them into arrays or decorating their surface with 
a low work function material. The smallest width of nanobelts found 
is ~7.5 nm. These extremely thin nanobelts possess pronounced 
quantum confinement effect. Also no current degradation or notable 
fluctuations are observed with these structural arrays [16].

Catalytic activities 

ZnS is a direct band gap material with astonishing chemical 
stability against oxidation and hydrolysis. All these characteristics 
are maintained when the material is featured to nano dimensions 
therefore nanoparticles of ZnS are interesting entities for catalytic 
applications where they are exposed to violent environment. Moreover 
ZnS is available in abundance in nature and is non toxic. Therefore 
they can be used as an important catalyst in environmental protection 
by removing organic and toxic water pollutants. ZnS have been used 
for the photocatalytic degradation of organic pollutants such as 
dyes, p-nitrophenol and halogenated benzene derivatives in waste 
water treatment. The photocatalytic superiority of ZnS nanoporous 
nanoparticles is due to the fact that due to their excellent porous 
structures they do not aggregate. Moreover ZnS can be doped with Ni 
or Cu to adjust the photocatalytic activity under visible irradiation. 
ZnS nanoparticles have also been used as an electrocatalyst for the 
direct conversion of ethanol in fuel cells [17].

Sensors

UV-Sensors: ZnS makes a promising material for fabricating 
optoelectronic devices. ZnS provides a novel forthcoming alternative 
for UV detectors due to its wide direct band gap (~3.7 eV) as 
compared to that of ZnO and indirect band gap of diamond (~5.5 eV). 
The photoresponse of ZnS nanobelts based sensors is three orders of 
magnitude higher upon illumination at 320nm light as compared to 
its response to visible light. The high spectral selectivity along with 
high photosensitivity and fast response time justify the use of ZnS 
nanobelts as a promising UV photodetectors [18].

Chemical Sensors: ZnS nanocrystals have a very good 
photostability, continuous absorption spectra, efficient, narrow and 
tunable emission, which can be exploited or their application in 
biological imaging and single particle tracking studies. Mn+2 doped 
ZnS nanocrystals with amine capping layer have been fabricated 
and utilized for the fluorescence detection of chemicals like 
2,4,6-trnitrotoluene (TNT) by quenching the strong orange Mn+2 
photoluminescence [19].

Biosensors: ZnS nanoparticles have been used for label free, 
real time and sensitive detection of biological species. ZnS QDs 
are luminescent inorganic fluorophores that have the potential to 
overcome the functional limitations possessed by organic dyes in 
fluorescence labelling applications. To be a promising candidate for 
biosensors, the nanoparticles must have high luminescent efficiency 
and appropriate surface groups available in order to couple with the 
biomolecules. Recently CdSe/ZnS core-shell QDs conjugated with 
enzymes is used to sense glucose. The QDs were used as electron 
donors whereas enzymes were used as acceptors for oxidation/
reductions reactions involved in oxidizing glucose to gluconic acid. 
The newly developed QD systems possess superior design, high 
flexibility, low cost and good sensitivity [20,21].

Glucose biosensor: A novel electrochemical glucose biosensor 
was developed by depositing an Ionic Liquid (IL) (e.g., 1-ethyl-3-
methylimidazolium trifluoromethanesulfonate; [EMIM] [Otf]), 
ZnO nanoparticles (ZnO NPs) and Eggshell Membrane (ESM) 
on a modified Glassy Carbon Electrode (GCE) for determination 
of glucose [22]. Enzymatic glucose biosensor was fabricated with 
the aid of zinc oxide (ZnO) porous nanostructure on FTO glass 
substrate by simple drop casting technique. By introducing a small 
layer of Platinum (Pt) nanopartides and Chitosan (CS) over the ZnO 
porous nanostructure have enhanced the glucose sensing property of 
the fabricated biosensor to a higher order. The morphological and 
structural properties of the electrodes were analyzed using scanning 

Figure 4: XRD scan and PL spectra of ZnS, ZnS: Mn capped with Histidine 
respectively.

Figure 5: A schematic diagram of the ultrasonic device and TEM micrograph 
of the sample respectively.

Figure 6: The-schematic-illustration-of-ZnOPtCS-biosensor-fabrication.
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electron microscopy and X-ray diffraction analysis. The glucose 
sensing properties of Glucose Oxidase (GOx) immobilized electrodes 
were estimated using electrochemical analysis. The ZnO/Pt/CS hetero 
structure conjugated with GOx shows good analytical performances 
with high sensitivity in a wide linear range and low detection 
compared with the bare ZnO/CS/GOx biosensor (Figure 6) [23].

Conclusion
In this review article the fabrication of ZnS nanoparticles doped 

with Mn and other transition metals by various methods such as 
chemical precipitation, sol-gel, hydrothermal, inert-gas evaporation 
etc have been studied. The synthesized nanoparticles were being 
characterized by using XRD, TEM, HRSEM, UV-Visible spectroscopy, 
FTIR, Zeta-sizer and PL spectroscopy. Doping of ZnS with Mn alters 
the band structure, optical and chemical properties and enhances the 
luminescence properties. These materials are non toxic so they can be 
further elaborated for their application in biosensing and imaging.
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