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Zinc Sulphide nanoparticles (ZnS-NPs) are synthesized by microwave assisted chemical 
precipitation method. The as-synthesized nanoparticles are identified by X ray diffraction 
and electrical studies to examine the structural transition. The HT-XRD at 1000C (373 K) 
and 2000C (473 K) of ZnS-NPs also confirms structural transition of cubic to hexagonal 
phase. Thermal properties of the ZnS sample is also studied using thermo gravimetric-
differential thermal analysis (TG-DTA). From D.C. electrical resistance, a discontinuity 
occurs in the temperature resistance curve of the ZnS-NPs due to phase transition around 
450 K. The energy dispersed x-ray analysis and Raman spectra of the ZnS-NPs confirm 
the presence of zinc and sulphur. The optical studies of the prepared ZnS-NPs are 
confirmed by its UV-vis and PL spectra. The TEM image of cubic ZnS-NPs reveals the 
well distribution of spherical shaped particles with mean size of 12.52 nm with standard 
deviation of 9.326 nm. According to the photocatalytic results of ZnS-NPs for the 
degradation of methylene blue (MB) have the highest degradation efficiency of  93.24% 
under UV irradiation within 80 min. Antibacterial effects of ZnS-NPs nanoparticles 
against some pathogens, like gram-negative, gram-positive, E. coli (Escherichia coli),  S. 
aureus (Staphylococcus aureus) bacteria. 
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1. Introduction  
 
Fabrication industries have led to crucial calamity in supplying clean water pertaining to 

the whole world [1]. The water pollution is mainly caused by organic dyes, mechanisms to prevent 
this are still in question [2]. Nowadays, the organic dye removal from industrial waste water 
utilizing photocatalysis has gained much research interest [3-8]. Different semiconductor 
photocatalysts have been taken into consideration in this regard because of their excellent efficacy 
in degrading water pollutants without producing any harmful by products. Recently, in 
photocatalysis field, semiconductor sulphides have demonstrated substantial significance. 
According to this theory, ZnS-NPs with a broad band gap of 3.6 eV－3.8 eV, have appeared its 
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potential as an active photocatalyst for the purification of water by degradation of organic 
pollutants, CO2 reduction and water splitting [9-13]. This heterogeneous photocatalysts have 
unique property of using light to produce electron-hole pairs under the UV-light irradiation in the 
medium. Only a small number of generated electron-hole pairs were able to spread out to its stage 
to carry out the chemical reaction with substrates or atmospheric water. As the conduction band of 
the ZnS catalyst is situated upper than that of the prominent photocatalyst (TiO2), an extremely 
negative lessening potential is predicted to endorse its photo-catalytic activity superior to TiO2. 
However, it the tiny lattice-energy of ZnS-NPs show the way to develop into its bulk counterparts, 
which leads to organic pollutants degradation [14]. ZnS nanostructure is a well-researched material 
that is employed as a photocatalyst for organic pollutants removal, such as Methylene Blue (MB). 
Chauhan et al. have reported about the photocatalytic response of ZnS and observed that ZnS 
degraded about 66% of MB in 300 min of irradiation [15]. Soltani et al., have studied the 
photocatalytic deterioration of MB under visible light utilizing PVP-capped ZnS nanoparticles 
[16]. Guo et al., have investigated the photocatalytic reactivity presented by PVDF-ZnS pellets is 
the major removal methods with MB mixture in wastewater treatment [17]. Sharma et al., have 
reported the photocatalytic degradation of MB subject to UV-visible light utilizing ZnS-NPs 
nanoparticles [18]. Zinc Sulphide nanoparticles display a wide-spectrum biocide which is used to 
destroy, render harmless, or have some kind of controlling effect on a harmful organism towards 
multiple viruses, bacteria, and fungi [19, 20]. The antibacterial activity of prepared ZnS 
nanoparticle are examined against E. Coli, and S. aureus.  

Here, to attain high photo-catalytic activity of the ZnS-NPs, the particle morphology 
controlling, size with phase transition are regarded as one of the significant measure [19,20]. Small 
nano sized ZnS-NPs established very active photo-catalyst owing to its higher surface area to 
volume (SA:V) ratio [20,21,22]. It is also reported as the cubic phase is highly active towards the 
photocatalytic applications than the hexagonal phase [23]. Hence, there is still a necessitate to 
prepare a low-cost and simple method for cubic phase ZnS-NPs with small size (high SA:V ratio) 
and well dispersed spherical shaped particles. 

The demand for new nanomaterials with superior anti-bacterial actions is on go up with 
the emergence of drug resistance bacterial strains, and the antibacterial applications of nano sized 
sulphides are mostly examined [24]. The electrical, optical and morphological characteristics as 
well as the synthesis method ZnS-NPs influence the anti-bacterial activity of ZnS-NPs [25]. 
Organic anti-bacterial agents and antibiotics have several drawbacks such as toxicity to human 
beings and animals, so an attention in inorganic disinfectants such as metal oxides/sulphides NPs 
is on get higher among research groups [26]. The development of advanced biocompatible nano 
sized semiconductorl sulphides with antibacterial activities could be potential for environmental 
applications such as in medicine, water disinfection, food packaging and textile industry [27,28]. 

ZnS-NPs have successfully synthesized by solvothermal [29], hydrothermal [30], sol-gel 
[31], sonochemical [32], microwave irradiation [33] and microemulsion [34]. The microwave-
assisted synthesis modes contain few merits involving rapid and uniform heating, process of 
energy savings, lesser preparation time, lesser processing cost, smaller narrow particle size 
distribution, higher purity over other methods. Qadri et al., have reported about the transformation 
from the cubic ZnS to the hexagonal structure at low temperatures [35]. Cuizhuo Yang et al., 
observed phase transition through sphalerite structure to wurtzite structure on ZnS-NPs under 1 
GPa pressure [36]. Arup Kanti Kole et al., have studied co- precipitation method base the phase 
transition in ZnS-NPs synthesized [37]. Yiyu Li et al. investigated the phase transition behaviour 
of ZnS ceramics [38].  

In this study, synthesized ZnS-NPs by microwave assisted chemical precipitation method 
with the purpose to reveal its function as a photocatalytic agent, so it is employed for the water 
purification applications. Structural transitions were studied using DC electrical measurements and 
HT-XRD. The TGA and DTA results were studied. The UV, PL, Raman spectra of ZnS sample 
are analyzed. The photodegradation of organic dye through ZnS-NPs investigated under UV light 
irradiation. 

 
 
 
 
 



857 
 

 
2. Experimental techniques 
 
2.1 Synthesis of ZnS-NPs through microwave assisted chemical precipitation  
      approach 
Zinc acetate along sodium sulphide are considered into initiating materials on 1:2 molar 

ratio for synthesised ZnS-NPs. Zinc acetate solution is introduced by dissolving 10.97 g of zinc 
acetate in 50 ml distilled water. Where, 7.8 g sodium sulphide dissolves in 50 ml distilled water. 
Under effectual stirring, the sodium sulphide solution is included to zinc acetate solution in drops. 
After 3 hours of constant stirring, a white-colored solution is produced, it remains undisturbed per 
day. The precipitates are separated out severally and cleaned using deionized water. The solution 
is put through 800 W microwave irradiations at twenty minutes. The nanoparticles are acquired 
then refrigerated with room temperature. The annealed of nanoparticles for 3 hrs at 1000C to get 
phase pure ZnS-NPs. The collected ZnS-NPs were used for different characterization. 

 
2.2. Instrumentation 
X-ray diffraction (XRD) patterns of ZnS-NPs are take down on a Cu Kα radiation λ = 1.54 

Å along powder X-ray diffractometer including 2θ ranges of angles 10° - 80°. ZnS-NPs formation 
is confirmed through TEM micrographs collected via (JEOL 2000 FX 11). The element 
compositions are confirmed using energy dispersive X-ray analysis (EDAX) set up hooked with 
scanning electron microscope (TESCAN VEGA3 SBH Scanning Electron Microscope). A set of 
nano particles (pellet) is acquired by 10 tones/cm2 higher pressure Four-probe approach is used to 
measure the samples' resistance in pellet form. The thermogravimetric study (TGA) and 
differential thermal analysis (DTA) were carryout using PerkinElmer STA 8000 on the sample at a 
heating rate of 10 °C/min in the temperature range 40–1300 °C. On a UV-visible spectrometer, the 
optical absorption spectrum of the synthesized nanoparticles is captured in the 200-900 nm region. 
In Varian Cary Eclipse Photoluminescence spectrophotometer, photoluminescence measurements 
are activated within 300-650 nm range. ZnS-NPs Raman spectrum records by peak Seeker Raman 
spectrometer. The photocatalytic properties of the ZnS-NPs are characterized by UV-VIS 
spectroscopy utilizing Shimadzu UV-1619PC spectrophotometer at 200-800 nm range. 

 
 
3. Results with discussion 
 
3.1. Structural studies 
Room temperature X-ray Diffraction (RT-XRD) pattern of prepared ZnS-NPs is depicted 

in Fig.1.  The XRD traces of the prepared ZnS-NPs shows that three peaks at 28.74°, 48.13°, 
56.630, 70.720 and 77.660 for the Bragg planes (111), (220), (311), (400) and (331) respectively 
and it indicates that the prepared NPs have Face centered cubic structure along space group F43m. 
Any peaks of crystalline impurities haven’t been found out. The lattice parameters and cell volume 
of the prepared nanoparticles calculated as a=b=c=5.329 Å and V= 151.33 Å3 which agrees with 
the reported value a=5.345 Å and V=152.70 Å3 (JCPDS: 80-0020) [39]. It can be observed that the 
broadening of peaks signifies its small crystalline sizes [40]. In fact, the wideness of a specific 
phase of nanomaterial and its crystallite size are directly proportional to each other. The particle 
size was calculated using Debye Scherer formula [41] and it is found to be 9.62 nm. 
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Fig. 1.  Indexed RT-XRD and HT-XRD pattern of ZnS-NPs by microwave assisted chemical precipitation 
method at room temperature, 1000C (373K), 2000C (473K) and 4000C (673k). 

 
 

The high temperature X-ray Diffraction (HT-XRD) pattern of the prepared ZnS-NPs is 
taken to establish its phase transition is shown in Fig. 1. Here, the HT-XRD pattern of ZnS-NPs at 
373K (1000C) is represented. There is no variation in the XRD pattern recorded at room 
temperature and 373K, and the obtained results agree well with the standard data, JCPDS: 80-
0020. The particle size indicates 15.05 nm.  Fig 1 represents HT-XRD pattern of ZnS-NPs 
recorded at 473K (2000C) and can be indexed to (002), (102), (110), (112) and (104) planes at 
28.880, 40.070, 46.330, 56.620 and 67.600 respectively (JCPDS:80-0007). It indicates that the 
prepared NPs have primitive hexagonal structure with space group P63mc. The lattice parameters 
of the prepared nanoparticles calculated as a=b=3.9Å and c=6.14Å which agrees with the reported 
value a=b=3.777Å and c=6.188Å (JCPDS: 80-0007). The particle size was also calculated to be 
64.41 nm. This clearly indicates that there is a transition from cubic to hexagonal at a transition 
temperature about 473K (2000C). The change over of transition from cubic to hexagonal is a 
nucleation and growth process in terms of temperature, morphology, also the reagents used in the 
synthesis.  

To study if there is any further transition, HT-XRD pattern was obtained at 673K (4000C) 
(Fig.1). It shows similar structure and also peaks are at the same position. Since the HT-XRD 
patterns obtained at 473 K (2000C) and 673 K(4000C) are similar, there may be either no transition 
in between or after transition it may returned again to same structure similar to the transition 
reported in CdS nanoparticles [42]. Based on the obtained XRD results, the sharpening of XRD 
peaks and increasing particle size were obtained with the phase transition from cubic (room 
temperature) to hexagonal (673 K).  
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3.2. Electrical studies 
At 300 K—500 K temperature range, the D.C electrical resistances of pellet-shaped ZnS-

NPs synthesized utilizing microwave assisted chemical precipitation method. The curve of 
resistance variation with temperature of ZnS-NPs is represented in Fig.2. The curve contains two 
regions. First region is from 300 K to 450 K and next one is above 450 K. The temperature 
resistance curve remains constant upto 450 K. In this region the resistance of the sample is of the 
order of 109 ohm and the sample behaves as an insulator. Similar electrical behavior at room 
temperature and 373 K, and the same cubic structure of the XRD patterns obtained at the 
corresponding temperatures reveals that unless the electrical behavior changes structure remains 
the same. Above 450 K the resistance decreases with increase in temperature showing 
semiconducting behavior. This change in electrical behavior around 450 K (Fig.2) is also seen in 
the XRD patterns obtained above and below 450 K.  

To study if there is any shift in transition temperature on further heating  the experiment 
was repeated again and again after cooling it to room temperature and is shown in Fig.2b. Even 
though there is slight change in the transition temperature when the time gap between the two 
trials is small, but after giving suitable time gap between two trials the graph obtained was similar 
to the first trial. The insulating property of the sample in the region 300 K to 450 K is not affected 
by repeated heating and cooling unlike hexagonal CdS [42]. Hence ZnS-NPs can be used as a very 
good insulator in the region 300 K to 450 K. As the resistance decreases rapidly with temperature 
above 450 K it can be also used as a temperature sensor. 

Thus, the phase transition from cubic to hexagonal is determined by electrical studies of 
ZnS-NPs then the attained results are subject to XRD results. Hence, the structure varies for 
different electrical behavior. This clearly indicates that the structural transition can be studied from 
temperature resistance measurements. The similar transition was already reported by varying 
annealing temperature and pressure [37, 39].  

 
 

  
(a)                                                                                 (b) 

 
Fig. 2. Variation (a) and different trials (b) of resistance with temperature of ZnS-NPs synthesized. 

 
 
3.3. Thermal studies 
The thermal behavior of ZnS-NPs has been explored by thermo gravimetric analysis 

(TGA) together with differential thermal analysis (DTA). ZnS-NPs is analyzed by TGA in order to 
check their relative stabilities. The TGA thermogram of the ZnS-NPs is presented in Fig. 3 (a). 
The TGA graph shows the major weight loss start from 200°C (473 K) and weight loss is 30%. 
This may be due to the thermal degradation of the unstable constituents in the sample and the 
evaporation of residual moisture or solvent absorbed to the surface or inner of the samples. From 
300oC – 800oC there is no weight loss. Senapati U. S et al discussed the thermal stability of the 
sample upto 200°C [43]. This indicates that the sample is thermally stable upto 2000C (473 K), 

https://www.sciencedirect.com/topics/materials-science/thermal-degradation
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which is probably due to interaction between the particles. The stability of the prepared 
nanoparticles is also confirmed by the D.C. electrical studies.  

Less or more heat required to flow for maintaining both at the same temperature when the 
sample goes through a phase transition. Depending on whether the process is exothermic or 
endothermic, either less or more heat must be transferred to the sample. The first endothermic peak 
and exothermic peak (Fig.3 (b)) in the ZnS-NPs is around 2000C. This confirms the structural 
phase transition from cubic to hexagonal; the attained results are confirmed with XRD and 
electrical studies.   

 
 

     
(a)                                                                                   (b) 

 
Fig. 3. (a) TGA and (b) DTA curve of ZnS-NPs. 

 
 

3.3. Optical studies 
UV-v is absorption spectrum of ZnS-NPs is implicated in Fig. 4 (a).  Here, the absorption 

band is around 350 nm [44]. Because of every wavelength under 350 nm, it can be used as an 
optical filter. Band gap energy is obtained by plotting Tauc's plot [45].  Using the Tauc’s relation, 
the absorption co-efficient for direct band gap indicates α = A (hʋ-Eg)n/hʋ here, A is a constant α 
is absorption co efficient, Eg is band gap energy, hʋ implies incident photon energy n=1/2 to 
straight permitted transition. The band gap energy is acquired by extrapolating the straight line 
portions of hʋ verses (α hʋ)2 (Fig.4 (b)). The direct band gap value is 3.72 eV which concurs with 
reported value [46]. The ZnS-NPs optical band edge is shifted towards lower wavelength side 
(band gap of bulk ZnS of 3.68 eV)[47] on account of quantum size effect, also initiates from the e-

/h+ confinement in a small sized volume in its electronic-structure, there is higher value of  band 
gap energy happened. Due to its wide band gap it can be used as a photosensitive material for 
photon detection in the UV range.  

Fig.4(c) shows the PL emission spectrum of ZnS-NPs including 320 nm excitation 
wavelengths. There is a high intense peak obtained around 390 nm and also peaks are observed at 
363,411,438 and 490 nm which is attributed to ZnS-NPs. Generally, the emission at the visible 
region attributes to the acceptor transition band whereas the deep level emission is accredited to 
the impurities and structural defects the in the reaction medium [48]. The prepared ZnS-NPs 
illustrate the long lifetime of photo-generated charges and it can be attributed to the inhibited 
recombination of charges or the effectual separation of electrons and holes, which might enhance 
the photocatalysis performance of ZnS-NPs. 
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(a)                                                                                 (b) 

 

 
(c) 

 
Fig. 4. Optical absorption, (b) Tauc’s plot and (c) emission spectra of ZnS-NPs. 

 
 
3.4. Raman studies 
Fig 5 depicts the Raman spectrum of ZnS-NPs. The peaks observe at 290cm-1, 340cm-1 

and 411cm-1. The peaks around 275cm-1 represents transverse optical (TO) phonon mode as well 
as peak around 340cm-1 is assigned to longitudinal optical mode (LO)[49-50]. The peaks in 
between 275cm-1and 340cm-1 were already reported by previous works and this is the 
characteristic of the ZnS-NPs [51-52]. The shifts of the TO and LO modes to lower wave number 
observed in the ZnS- NPs can be credited to a larger surface area : volume (SA:V) ratio and 
smaller particle size when compared with that of the ZnS reported by previous works [53-54]. 
Here with smaller particle size and larger SA:V ratio of the prepared ZnS-NPs, the contribution of 
surface-scattering to the Raman signal is more than that of volume-scattering. In addition, the 
purity phase of the prepared ZnS-NPs is confirmed by the absence of extra Raman modes. 
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Fig. 5. Raman spectrum of ZnS nanoparticles. 
 
 
3.5. Morphological studies 
The TEM image of cubic ZnS-NPs (Fig.6a-d)) in four different scales 100, 50, 20 and 10 

nm, which reveals the well distribution of spherical shaped ZnS-NPs with mean size of 12.52 nm 
lies between 6.56 nm and 56.12 nm with standard deviation of 9.326 nm. The spherical particles 
with good dispersion get more attention because of its capability to create the photonic-crystal 
assembly (a periodic optical nanostructure) [55]. It can affect the motion of photons and it confines 
light that likely progresses the photocatalytic efficiency [56]. The median, mode and mean values 
of the distribution of particle size are different. Mean value (124.067) is larger than that of mode 
(116.032) and median (122.265) which indicates the occurrence of smaller sized particles in larger 
number, in assessment to larger sized nanoparticles, because of the control in size of spherical 
particles. In Fig. 6 (c), a tiny section marked by a square is magnified.  Fig.6 (d) shows 0.302 nm 
lattice space with respect to the plane (111) of face centered cubic plane. Fig. 6(e) displays the 
crystalline nature of cubic ZnS-NPs which is recognized through the chosen area electron 
diffraction pattern along brightest spots depends on Bragg planes ((111), (220), (311), (400) and 
(331). Fig.6f reveals the EDAX image of ZnS-NPs. The purity of ZnS nanoparticles were also 
confirmed by EDAX analysis. It confirms the existence of zinc and sulphur in proper ratio. The 
composition of present investigated ZnS sample shows 46.45 % and 53.55 % of Zn and S 
respectively. 
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(a)                                                                                    (b) 

  
(c)                                                                                             (d) 

   
(e)                                                                                       (f) 

 
Fig. 6. (a-d) TEM image of cubic ZnS-NPs in four different scales 100, 50, 20 and 10 nm;(e) crystalline 

nature of cubic ZnS-NPs which is recognized through the selected area electron diffraction pattern and (f) 
EDAX image of ZnS-NPs. 

 
 
3.6. Photocatalytic studies of ZnS-NPs  
The unaffordability of pure drinking water is the main cause of most diseases. Industrial 

dyes are the major reason for polluting drinking water. Methylene blue (MB) is a noxious, 
dangerous, and non-corroding and make severe diseases. So, there is a requirement to develop an 
environmental friendly, systematic technology for eradicating methylene blue from water. A 
sophisticated oxidation method that is broadly utilized to dyes removal is Photodegradation. With 
the potential to lower the cost of refining, it can change total mineralization of dye as simple and 
nontoxic species. In this study, the ZnS-NPs photocatalytic studies are evaluated by methylene 
blue degradation under UV irradiation because it has high light absorbing properties (98% of 
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transmitted light absorbed) and applications as a redox indicator in analytical chemistry. When 
MB dye mixed ZnS-NPs absorbs light energy (hν) exceeded/equal to the band gap of ZnS-NPs, it 
causes excitation of valence-band electrons (e−s) to the conduction-band. At the same time, it 
produces an electron vacancy (positive charged hole) (h+) on valence-band. Then e−s and h+s 
separation taken place by the excitation. These e−s and h+s drifted towards the surface of the 
material and react with adsorbed oxygen and hydroxide in reaction medium. And further produced 
free radicals such as OH•, O2•−, HO2• and H2O2 in the reaction medium. These active oxygen 
species can direct to the complete/partial mineralization of MB. 

After exposing the solution with UV irradiation, the absorption spectrum MB solution 
with ZnS-NPs measured at various time intervals. If the time interval rises from 0 to 100 mins, the 
absorption spectra intensity will decrease. Fig 7 (a) signifies UV-Vis absorbance spectra of MB 
degradation by ZnS-NPs. Here, the absorption peaks intensity is diminished owing to the MB 
degradation. The MB degradation solution with ZnS nanoparticles under UV irradiation is linear 
and uniform. This clearly indicates that ZnS-NPs is employed as a strong material for dye 
decolourization and degradation application. Fig 7 (b) depicts linear relationship among ln(At/A0) 
and time (min). For ZnS-NPs, the rate constant (kapp) value of the prepared ZnS-NPs 0.0024/min. 
The percentage degradation efficiency of ZnS-NPs for MB dye is plotted against irradiation time 
as represented in Fig 7(c). Here, the MB dye degraded maximum upto 93.24 %. The percent of 
degradation is scaled by equation % of Degradation=[(A0-At)/A0]x100. In which, A0 implies dye 
absorbance at starting stage (zero min), At implies dye absorbance at time t. The photocatalytic 
studies of ZnS-NPs by related reviews are given in Table.1. 

 
 

   
 

(a)                                                                                     (b) 

 
(c) 

 
Fig. 7. (a) UV-Vis absrbance spectra, (b) absorption peak intensity (Ln(At/A0) plot and (c) a plot of  

percent of degradation efficiency of ZnS-NPs with time of degradation of MB dye. 
 

https://en.wikipedia.org/wiki/Redox_indicator
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865 
 

Table 1. Related reviews Photocatalytic studies of ZnS-NPs. 
 

S. 
No. 

Materials Source 
used 

Dye used Percentage 
of 
degradation 
(%) 

Rate 
constant 
(Kapp/min) 

Time of 
irradiation 
(min) 

reference 

1 S/F/ZnS 
nanostructures 

300 W 
lamp light 

malachite 
green (MG)  

74 0.0087 60 [57] 

3 ZnS 
nanoparticles 

visible 
light 

 MB 89.43 0.0015 240  [58] 

4 ZnS 
microcrystal’s 

400 W high 
pressure 
mercury 
lamp 

 
MB 

 
91 

 60 [59] 

5 ZnS 
spherical/flake 
nanostructures 

UV-light 
radiation 

Methyl 
Orange 
(MO)  

51.7  and 84    150  [60] 

6  
ZnS 
nanoparticles 

 
visible 
light 

MB,  78.41 0.02052,   
120  

 
[61] 

7 ZnS 
nanoparticles 

UV light MB 93.24 0.0024 100 Present 
study 

 
 
3.7. Antibacterial studies of ZnS- nanoparticles           
To examine the antibacterial actions of synthesized ZnS-NPs, the disc diffusion is used. 

Gram-negative, gram-positive, E. Coli, S. aureus considered as model test strains, which are 
commonly initiates in water. These involve the inoculating filter paper discs along synthesized 
ZnS-NPs, and then placed the discs in agar plate inoculated with specific organisms. The plate is 
inoculated at 350 C for 24 hours. The vaccinated areas generated organism reticence zone, because 
it open out via the agar and indicated the antimicrobial movements. The inhibition area is 
calculated around the well with ZnS-NPs against the test organism. The biggest inhibition zone is 
measured against E. coli as 15.54 ± 0.031 mm and S.aureus had an inhibition zone of 7.32 ± 0.44, 
(Fig 8). The ZnS-NPs shows stronger inhibitory action against E. coli, Gram-positive bacteria, 
S.aureus. Due to differences in the typical characteristics such as structure and chemical 
composition of these two bacterial stains shows different inhibitory action (Fig.8). The cell wall of 
S.aureus has low amount of negative charged electrons as well as strong and denser peptidoglycan 
layer than E. coli. Gram-negative bacteria namely E. coli has superior penetrating power as well as 
good electrostatic interacting power with the nano sized particles in comparison with the positive 
charged bacteria. This results the higher inhibitory effect of E. coli. Vijayan et al, studied the 
antibacterial effect of ZnS-NPs [62]. The antibacterial efficiency of ZnS-NPs is depending on 
particle size, surface morphology, particular surface area and so on [63]. The antibacterial effect of 
ZnS-NPs is caused by electrostatic attraction amid the bacterial cell and ZnS nanoparticles. ZnS-
NPs display a wide-spectrum biocide which is used to destroy, render harmless, or have some kind 
of controlling effect on a harmful organism towards multiple viruses, bacteria, and fungi [64-65].  

 

https://www.sciencedirect.com/topics/physics-and-astronomy/visible-spectrum
https://www.sciencedirect.com/topics/physics-and-astronomy/visible-spectrum
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(a)                                                                           (b) 

 
Fig. 8. The antibacterial activity of ZnS-NPs against (a) S. aureus and (b) E. coli. 

 
 
4. Conclusion 
 
In this study, ZnS-NPs is successfully synthesized by microwave enabled chemical 

precipitation method. According to structural analyses, the synthesized sample has a cubic 
structure. The ZnS-NPs shows phase transition above 450 K.  Temperature resistance curve, the 
HT-XRDs at 373 K and 473 K and TG-DTA curve of ZnS-NPs clearly confirms the structural 
transition from cubic to hexagonal phase. The XRD patterns and temperature resistance curve 
clearly indicates that phase transition can be studied from temperature resistance measurements. 
The TGA and DTA outcomes prove that the incorporation of ZnS-NPs substantially altered the 
thermal properties displaying higher thermal stability. Absorption spectrum of the ZnS-NPs shows 
that there is an absorption band below 350 nm. Since ZnS-NPs emit light in the visible spectral 
range, this material can be used in the fabrication of optoelectronic devices. The Raman spectrum 
shows the transverse optical (TO) phonon mode around 290 cm-1 and the longitudinal optical 
mode (LO) around 340cm-1. The TEM image of cubic ZnS-NPs reveals the well distribution of 
spherical shaped ZnS-NPs. Photocatalytic studies clearly indicate that ZnS-NPs is employed as a 
strong material for dye decolourization and degradation application and water pollutants 
degradation of without any toxic by products. The synthesized ZnS nanoparticles displayed a 
pronounced antibacterial actions against various clinically pathogenic microorganisms. 
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