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Abstract 

Nanotechnology is a promising field of interdisciplinary research. The potential uses and benefits of 

nanotechnology are enormous. Nanotechnology is the technology of 21st century i.e. Nanotechnology is 

the science of the extremely small particles holds enormous potential applications for environment. 

Nanotechnology is the science of materials at the molecular or subatomic level. It involves engineering of 

particles smaller than 100 nanometers (one nanometer is one-billionth of a meter) and the technology 

involves developing materials or devices within that size is invisible to the human eye and often many 

hundred times thinner than the width of human hair. The physics and chemistry of materials are radically 

different when reduced to the nanoscale; they have different strengths, conductivity and reactivity, 

physical, chemical, biological, thermal, electrical properties. Nanotechnology has been described as the 

development of clean technologies, to minimize potential environmental and human health risks 

associated with the manufacture and use of nanotechnology products and to encourage replacement of 

existing products with new nano-products that are more environmentally friendly throughout their 

lifecycle. Most applications of Nanoparticles in reducing natural disasters can be analyzed in three main 

areas that are building materials, sensors and medicine. 
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Introduction 

Nanotechnology and science of nanomaterials provide apt potential in engineering of materials 

and at present is the enormously growing and developing scientific technology. It is defined as 

the study of controlling, manipulating and creating systems based on their atomic or molecular 

specifications [1]. As stated by the US National Science and Technology Council, the essence 

of nanotechnology is the ability to manipulate matters at atomic, molecular and supra-

molecular levels for creation of newer structures and devices [2]. Generally Nanotechnology 

deals with structures sized between 1 to 100 nanometre (nm) in at least one dimension and 

involves in modulation and fabrication of nanomaterials and nanodevices. It has been endured 

as an area of intense scientific research in various fields like optical, electronic and biomedical 

fields. Bacterial cells, plant cells and mammalian cells which are more than 100 nm size can 

easily engulf or internalize the particulates of nano-size like viruses (75-100 nm), proteins (5-

50 nm), nucleic acids (2 nm width) and atoms (0.1 nm). If we compare a single human hair 

diameter (50 µm) to 1 nm nanofibers, hair will be 50,000 times larger than the size of 1 nm [3]. 

The great visionary late Nobel Physicist Richard P Feynman first designed the idea of 

molecular manufacturing in 1959. The legendary scientist who first suggested that devices and 

materials could someday have atomic specifications and that this development path cannot be 

avoided [4].  

For years this science have engaged scientist in exploring the very unique physico-chemical 

properties of nanoparticles. In field of Nanotechnology due to increase in surface to volume 

ratio and quantum confinement, the physical, chemical, thermal, electrical, optical and 

biological properties of a nanomaterial are drastically changes [5]. 
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Methodology 

Nanotechnology is an interdisciplinary research field, several 

methods are used in fabrication of nanomaterials such as 

Physical (mechanical and vapor deposition techniques), 

Chemical (Colloids, Sol-gel, L-B films etc.), Biological (Bio 

membranes, DNA etc) and Hybrid (Electrochemical, CVD 

etc). The guiding principle for the technique, to be employed 

for synthesis, depends largely upon, (a) material of interest, 

(b) type of nanostructure (0D, 1D, 2D, 3D), and (c) size and 

quantity etc. There are two basic approaches for 

manufacturing nanomaterials, (i) Top down approach (ii) 

Bottom up approach. In top-down approach, we reduce the 

size of material upto nano size, where as in bottom up 

approach, we start from atomic size and collecting atoms to 

nano size. 

Among various methods for fabrication of nanomaterials the 

‘wet chemical method is the simplest one because of 

following considerations  

A. Inexpensive, least instrumentation required as compared 

to Physical Methods,  

B. Moderate temperature (< 350 °C) is required for most of 

nanomaterials,  

C. Dopant can be easily inserted during synthesis process,  

D. Nanomaterials of different size and shapes are possible. 

Materials so obtained can be dried to obtain powder and 

thin films.  

 

Preparation of ZnS Nanoparticles 

Although various methods are available for the synthesis of 

ZnS nanoparticles, chemical precipitation is widely being 

used for the preparation of colloidal nanoparticles as the 

possibility of cluster formation is very less in this method 

when compared to the other methods. Here, 0.27 g of ZnCl2 

(1/10 M, 20 ml) solution and 0.1M Na2S solution were 

prepared in distilled water and were first refluxed for an hour 

separately. 50 ml Na2S solution was then added to the 

mercaptoethanol solution of 0.25 ml (10-2 M) and then 20 ml 

ZnCl2, which was continuously refluxed to get a colloidal 

form of ZnS. The colloidal sample was refluxed for another 

20 min at 80 °C for uniform distribution of the particles. Then 

this was filtered out and washed with distilled water and 

ethanol for removing the additional impurities formed during 

the preparation process. The filtrate was dried at room 

temperature, which yields high-quality ZnS nanocrystals.  

The X-ray diffraction of the sample at room temperature is 

taken by a powder X-ray diffratometer (Rigaku Miniflex-II). 

The transmission electron micrograph of the sample is taken 

by a transmission electron microscope (Jeol JEM-100cx). The 

absorption and luminescence spectra for ZnS nanoparticles 

were recorded using UV-Visible spectrophotometer 

(Shimadzu UV-2450) and spectrofluorometer (Shimadzu RF-

5310) respectively. 

The dielectric measurement of the sample of thickness 2.06 

mm and diameter 10.41 mm was carried out using gold 

electrodes by an LCR meter (Hioki) in the frequency range 

from 100 Hz to 1 MHz and in the temperature range from 298 

K to 373 K. The temperature was controlled with a 

programmable oven. All the dielectric data were collected 

while heating at a rate of 10C min-1. The complex electric 

modulus M* (=1/ε*) and impedance Z* (=M*/jωCo) are 

obtained from the temperature dependence of the real (ε') and 

imaginary (ε") components of the dielectric permittivity ε* (= 

ε'-jε") and ε"= ε' tan δ. 

 

Results and Discussion 

Fig. 2 shows the X-ray diffraction pattern of the sample taken 

at room temperature. The broadening of the diffraction peaks 

is primarily due to the finite size of the Nano crystallites and 

is quantitatively analyzed by the Debye-Scherer formula 
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Where  

L is the average size of the particle, λ is the wavelength of X-

ray radiation, B is the full width at half maximum (FWHM) 

and θ is the diffraction angle. According to the data in Fig. 1 

and given formula, the average particle size of the material is 

found to be 45 nm. The transmission electron micrograph of 

the ZnS is shown in the inset of Fig. 1. The average grain size 

of the Nano clusters of ZnS is found to be 50 nm. Particle size 

analyzed by XRD and TEM are in good agreement. 

 

 
 

Fig 2: The XRD (TEM micrograph shown in the inset) for ZnS. 

 

The inset of Fig. 3 shows the UV-visible spectra of ZnS 

nanoparticles in the absorbance range of 200-350 nm. The 

absorbance peak at 277 nm is blue shifted compared to the 

bulk ZnS for which absorption peak is at 345 nm. The blue-

shifted absorption edge is due to the quantum confinement of 

the exactions present in the sample, resulting in a more 

discrete energy spectrum of the individual nanoparticles. The 

broadening of the absorption spectrum is mainly due to the 

quantum confinement of the ZnS nanoparticles. The effect of 

the quantum confinement on impurity critically depends on 

the size of the host crystal. As the host decreases, the degree 

of confinement and its effect increases. The band gap energy 

is increased (~4.1 eV) compared to that (~3.6 eV) of bulk ZnS 

shown in the Fig. 2, the enlargement of the band gap can be 

attributed to the quantum confinement effect of the ZnS 

nanoparticles.  

http://www.chemijournal.com/


 

~ 22 ~ 

International Journal of Chemical Studies http://www.chemijournal.com 

 
 

Fig 3: Energy band gap determination of ZnS nanoparticles. The UV-visible absorption spectra of the ZnS nanoparticles shown in the inset. 

 

Fig. 4 shows the PL emission (a) and excitation (b) spectra of 

ZnS nanoparticles. It shows strong blue-luminescence with 

peak maximum around 335 nm and a side band at 352 nm. 

The corresponding excitation spectra with peak maximum at 

420 nm indicate energy-transfer from the band-to-band 

electronic excitation of the quantum confined ZnS [11].  

 

 
 

Fig4: Photoluminescence emission spectra of ZnS nanoparticles. 

 

With the self-aggregation of nanoparticles, the excitation 

spectra also show reduction in the intensity but more 

significantly, a gradual red-shift in the peak maximum with 

larger line broadening. The origin of the blue-luminescence of 

ZnS nanoparticles has been studied by different groups [11, 12]. 

Highly asymmetric and broadened emission band with 

multiple peak maxima indicate the involvement of different 

luminescence centers in the radioactive process. The 

nanoparticles prepared under sulphur deficient synthetic 

condition of S2-/Zn2+ will have larger concentration of sulphur 

vacancies (VS).  

 

 
 

Fig 5: Photoluminescence excitation spectra of ZnS nanoparticles. 
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It is reported that sulphur vacancies can act as doubly ionized 

electron trap centers and facilitate VS/VB (valence band) 

and/or VS/SS (surface states, including interstitial defects and 

impurities) [11]. Though the lattice vacancies are point defects, 

due to the large surface-to-volume ratio of nanoparticles, the 

concentration of these defects will be more at the surface 

regions than the interiors. Therefore, in the ZnS nanoparticles 

with unmodified surfaces, the effect of surface states will be 

dominant as seen by the strong blue luminescence. However, 

the observed quenching of these emission bands with the self-

assembly of nanoparticles suggests that the vacancy centers 

are annihilated during the particle-to-particle 

attachment/interface precipitation by way of incorporation of 

more and more crystal growth units at the nanoparticles 

surfaces.  

Fig. 6 shows a complex-plane impedance plot (Z*) of ZnS, 

plotting the imaginary part Z" against the real part Z'. In 

general, for a perfect crystal, the values of resistance R and 

capacitance C can be analyzed by an equivalent circuit of one 

parallel resistance-capacitance (RC) element. This RC 

element give rise to one semicircular arc on the complex 

plane and has intercepts on the Z' axis of zero and R. Thus, C 

can be calculated with the relation ωmRC=1, where ωm=2πνm 

and νm is the frequency at the arc maxima.  

 

 
 

Fig 6: The complex-plane impedance plot with the corresponding 

equivalent circuit is shown for ZnS at various temperatures. The 

solid line is the best fit for ZnS. The inset shows expanded views of 

the high-frequency data near the origin at 323 K. 

 

For a nano crystal containing interfacial boundary layers, the 

equivalent circuit may be considered as two parallel RC 

elements connected in serial and giving rise to two arcs in 

complex plane: one for the nano crystal (grain) and the other 

for the interfacial boundary (grain-boundary) response. The 

relative position of the two arcs in the complex plane can be 

identified by the frequency. Based on the equivalent circuit 

consisting of two parallel RC elements in series, the nonzero 

intercept on the Z'-axis (at 323 K) indicates the presence of an 

arc with ωmax higher than the maximum frequency measured 

(1 MHz).  

Dielectric relaxation observed in electro ceramics are better 

analysed using the simplified equivalent circuits consisting of 

two parallel RC circuits connected in series, one RC element, 

Rg Cg, representing the grain, and the other RgbCgb, 

representing the grain boundary [13, 14], as shown in the inset 

of Fig. 4. Here, Rg, Cg and Rgb, Cgb are the resistance and 

capacitance associated with the grain and the grain boundary, 

respectively. Each parallel RC element results in a semicircle 

in the impedance plots. Fig. 6 shows a complex impedance Z* 

(Z" versus Z') plot for ZnS nanoceramics, obtained by plotting 

the imaginary part (Z") against the real part (Z') in the 323 K–

363 K temperature range. The high frequency impedance 

response of the sample in the 323 K–363 K temperature range 

has been highlighted in Fig. 5 to show the evolution of the 

high frequency semicircle.  

 

 
 

Fig 7: Arrhenius plot for the grain boundary resistance (Rgb) and 

total grain. The insetshows grain boundary relaxation frequency 

(ωgb) for ZnS nanoceramics. The solid line is the best fit for the 

Arrhenius equations. 

 

The equivalent electrical equation can be represented by 

 

 22
1)(1

'
gbgb

gb

gg

g

CR

R

CR

R
Z

 





 (2) 

 

    

































22
11

"
gbgb

gbgb

gb

gg

gg

g
CR

CR
R

CR

CR
RZ









 (3) 

 

The best fitting of RC equivalent circuit by solid line for 323 

K, 343 K and 363 K with two semicircular arc of Rg and Rgb 

is shown in the table 1. 

 

Conclusion 

The resistance values of the grains and the grain boundaries 

are obtained from the intercepts of the corresponding 

semicircles with the real axis (Z') (diameter of each 

semicircle) which gives Rg and Rgb, respectively. The 

resistance obtained for the total resistance or dc resistance of 

the sample log (Rg + Rgb) and log Rgb is plotted in the 

Arrhenius format in the Fig. 6, obey the Arrhenius law with 

activation energy of 0.28 eV and 0.27 eV respectively. Plot of 

log (ωgb) (relaxation frequency of grain boundary) (inset of 

Fig. 5) reveal that ωgb follow an Arrhenius law associated 

with activation energies of 0.28 eV. Furthermore, as it is clear 

from Fig. 5, Rgb + Rg are only slightly higher than Rgb in the 

entire temperature range under study. Hence, it could be 

concluded that Rgb >> Rg, so that in the entire temperature 

range Cgb >> Cg.  
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