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ABSTRACT 

In the present research, a simple solvothermal microwave irradiation (SMI) method has been adopted for the 

preparation and synthesis of pure and Bi doped ZnS nanoparticles using zinc acetate, bismuth acetate, thiourea and ethylene 

glycol were utilized as precursors. As-synthesized pure and Bi doped ZnS nanoparticles were characterized by X-ray 

diffraction (XRD), energy dispersive X-ray spectroscopy (EDAX), ultraviolet-visible (UV-vis) spectroscopy and Field 

emission scanning electron microscopy (FESEM). From the XRD and EDAX studies, crystallite size, lattice parameter and 

analysis of the elemental compositions are calculated and analyzed respectively. The UV-vis spectra revealed that the optical 

band gap energy of pure and Bi doped ZnS nanoparticles was calculated. The FESEM shows that the average particle size 

spherical and agglomerated of as-synthesized pure and Bi doped ZnS nanoparticles sizes were decreased. In addition, the 

photocatalytic activity of pure and Bi doped ZnS nanoparticles was studied with methylene blue dye in an aqueous solution 

under UV light irradiation; the 5.0 mol % of Bi doped ZnS nanoparticles dye degradation efficiency of the sample was 

calculated as 75% in 120 minutes. 
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1. INTRODUCTION 

In the modern world, excessive usage and 

mishandling of chemicals in many developed industries, 

such as textile dyeing units and paramedical sectors, 

release chemical effluents that act as chemical pollutants 

in our environment. It causes air pollution, water 

pollution, soil pollution, etc. To eliminate the presented 

chemical pollutants/contaminants from the environment, 

water purification from contaminated water is a most 

urgent need to address the present scenario. Using 

semiconductor nanoparticles is an instant remedy for the 

above-addressed issue; particularly, zinc sulfide (ZnS) 

nanoparticles aid in preventing chemical pollutants from 

entering water systems. ZnS - face-centered cubic 

structure - is an essential, direct, and significantly large 

band gap energy of 3.63–3.92 eV semiconductor material 

in the II-VI group, which exhibits distinct features, 

including a large ionization transition and phase stability 

under typical atmospheric circumstances (Mani et al. 

2018; Shobana et al. 2020). Primarily, they possess 

optical characteristics such as long retention time, strong 

light absorption, long electron-hole recombination time, 

high negative reduction-oxidation potential of excited 

electrons, and the ability to produce significant electron-

hole pairs (Reza Gholipour et al. 2015; Yang et al.  

2015). Therefore, ZnS nanoparticles perform effectively 

as photocatalysts and are helpful for filtering chemicals 

before releasing them into the environment. They also 

show good antibacterial activity. In the preparation of 

ZnS nanoparticles, numerous methods have been 

employed by many research scholars (Calandra et al. 

1999; Charinpanitkul et al. 2005; Jadraque et al. 2013; 

Yu et al. 2013; Shanmugam et al. 2014; Tounsi et al. 

2018; Sabaghi et al. 2018; Palve, 2019; Altıokka et al. 

2019; Goktas et al. 2019; Elsi et al. 2021; Rose et al. 

2022; Bui et al. 2023). Among these, the solvothermal 

microwave irradiation (SMI) method (Shahid et al. 2012) 

is highly controllable, productive, and does not require 

the operation of calcination or grinding. Various 

elements (Ag, Cd, Fe, In, Mg, Mn, and Ni) serve as 

dopants of ZnS nanoparticles, which enhance the ZnS 

performance and are reported by various researchers 

(Zhang et al. 2011; Khorsand Zak et al. 2012; Ramasamy 

et al. 2012; Al- Rasoul et al. 2013; Sousa et al. 2018; 

Othman et al. 2020; Jindal et al. 2021; Rana et al. 2021; 

Bui et al. 2023; Dixit et al. 2015; Dhupar et al. 2021; 

Ashokkumar et al 2018; Ashokkumar et al. 2018; 

Hussein M. Hussein, 2023; Khan et al. 2024; Kalantari et 

al. 2024) Bi based photocatalysts some researchers have 

summarized and reported (Bi2S3 and other bi-based 

photocatalyst), including their uses for the removal of 

organic pollutants, hydrogen production, oxygen 

production, etc. (Song et al. 2023). The present research 

work focused on synthesizing pure and Bi doped ZnS 

nanoparticles, examined their structural and optical 
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properties, and then utilized them to investigate the 

effects of photocatalytic activities. 

2. EXPERIMENTAL METHODS 

2.1 Materials 

For synthesizing the pure and Bi doped ZnS 

nanoparticles, all the chemicals - zinc acetate 

(Zn(CH3COO)2•2H2O - as the source of Zn), thiourea 

(CH4N2S - as the source of S), bismuth acetate 

(Bi(CH3COO)3) - as the source of Bi) and ethylene glycol 

(C2H6O2) - are of AR grade purchased from Sigma 

Aldrich in India.  

2.2 Synthesis and Preparation of ZnS 
Nanoparticles 

To synthesize pure ZnS nanoparticles, zinc 

acetate and thiourea were initially dissolved separately in 

50 ml of ethylene glycol under stirring for an hour at 

room temperature. Both dissolved 50 ml solutions were 

gradually mixed and made into a 100 ml precursor 

solution under the stirring condition for homogeneity. 

The prepared 100 ml precursor was transferred to a bowl 

and placed in the domestic microwave oven to form a 

colloidal precipitate. The microwave oven has been 

maintained at the operating frequency of 2.45 GHz and 

has a 50% power cycle controlled to prevent solvent 

evaporation. The formed colloidal precipitate was 

allowed to cool and settle naturally at room temperature; 

then, it was thoroughly cleaned with double-distilled 

water, and acetone was utilized to remove any possible 

unreacted precursors and residual impurities. The final 

product was stored for six hours in a hot air oven at 80 

°C after being centrifuged for ten minutes at 10,000 rpm. 

A similar process was adopted for the synthesis of 2.5 

mol % and 5.0 mol % of bismuth-doped ZnS 

nanoparticles, and finally, the synthesized samples were 

collected and coded as Pure ZnS, 2.5 mol % Bi-doped 

ZnS and 5.0 mol % Bi-doped ZnS. 

3. RESULTS AND DISCUSSION 

3.1 XRD - Structural Analysis 

 XRD pattern of synthesized ZnS nanoparticles 

is the cubic structure depicted in Fig. 1. The Bragg peaks 

(2θ = 28.6, 47.5 and 56.4) in the patterns obtained from 

XRD are (111), (220), and (311) planes which exhibited 

good agreement with the standard pattern (JCPDS No. 

65-0309) (Dixit et al. 2015). When the (2.5 mol % and 

5.0 mol %) dopant concentration increases, the peak 

intensity in Fig. 1 inferred that the broadening of the 

diffraction peaks indicates the extremely tiny size of the 

grains. For the most intense peak (111) plane, the size of 

the pure and Bi doped ZnS nanoparticles crystallites was 

determined using Debye Scherrer's equation (Shobana et 

al. 2024).  

The lattice parameters (a=b=c) for face 

centered cubic structured ZnS nanoparticles have been 

calculated using the following equation (Ali et al. 2022). 

2 2 2

2 2

1

hkl

h k l

d a

+ +
=                  (1) 

where, dhkl is the interplanar spacing distance (Å) 

corresponding to Miller indices (hkl) and a is the lattice 

parameter (Å). The calculated lattice parameter, unit cell 

volume and average crystallite size (D) of pure and Bi 

doped ZnS nanoparticles are presented in Table 1.  

 

Fig. 1:  XRD pattern of ZnS Nanoparticles (a) Pure ZnS (b) 2.5 
mol % Bi doped ZnS (c) 5.0 mol % Bi doped ZnS Nanoparticles 

Table 1. XRD structural parameters of Pure ZnS, 2.5 mol % and 
5.0 mol % Bi doped ZnS Nanoparticles 

Sample 

Lattice  

parameter 

a=b=c (Å) 

Unit cell 

volume 

(Å)3 

Average 

crystallite size 

D (nm) 

Pure ZnS 5.392 156.76 3.34 

2.5 mol % Bi 

doped ZnS 
5.386 156.24 3.98 

5.0 mol % Bi 
doped ZnS 

5.381 155.80 5.04 

3.2 EDAX Spectra Analysis 

EDAX spectra of pure and Bi doped ZnS 

nanoparticles were obtained and the chemical 

compositions in the atomic % of Zn, Bi and S also 

mentioned in Fig. 2. It shows the sample was in good 

agreement and purity in the elemental compositions as 

the researcher considered in this work. In addition, the 

presence of dopant was confirmed by the EDAX spectra, 

which also demonstrated the processed samples purity. 

3.3 FESEM Analysis  

FESEM analysis was utilized for the 

morphological analysis of pure and Bi doped ZnS 

nanoparticles. FESEM images show agglomerated, 
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spherically-shaped pure and Bi doped ZnS nanoparticles 

as shown in Fig. 3.  

 

 

 

Fig. 2: EDAX spectra of ZnS Nanoparticles (a) Pure ZnS (b) 2.5 
mol % Bi doped ZnS (c) 5.0 mol % Bi doped ZnS Nanoparticles 

From the Fig. 3 inferred that the existence of 

spherical agglomerates made up of individual 

nanoparticles with consistent shapes and sizes were 

measured (Ali et al. 2022) with the ImageJ tool. As-

synthesized pure and Bi doped ZnS nanoparticle sizes 

were calculated in the range of 62 nm to 78 nm. 

 

 

 

Fig. 3: FESEM images of nanoparticles (a) Pure ZnS (b) 2.5 
mol % Bi doped ZnS (c) 5.0 mol % Bi doped ZnS Nanoparticles 

3.4 UV-visible analysis  

UV-vis spectra of pure and Bi doped ZnS 

nanoparticles as given in Fig. 4, which also shows the 

obtained band gap energy value (eV) using Tauc’s plot, 
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which plotted between (αhν)2 and energy (Bhat et al. 

2024). The obtained direct band gap energy (eV) of 

synthesized pure ZnS, 2.5 mol % Bi doped ZnS and 5.0 

mol % Bi doped ZnS nanoparticles are found 3.56 eV, 

3.52 eV and 3.47 eV (Wang et al. 2020). 

 

Fig. 4: UV-vis analysis of (a) Pure ZnS (b) 2.5 mol % Bi doped 
ZnS (c) 5.0 mol % Bi doped ZnS Nanoparticles 

4. PHOTOCATALYTIC ACTIVITY 

4.1 Photocatalytic Mechanism 

A UV light was exposed to as-synthesized ZnS 

nanoparticles; it produces free electrons in the valence 

band that is subsequently transferred to the conduction 

band, leaving holes in the valence band. While the holes 

in the h+ valence band can promptly move to the e- 

valence band, the electrons in the h+ conduction band can 

migrate to that of the e- in the valance band. It is possible 

to separate photogenerated carriers (electrons and holes) 

efficiently and extend their effective period throughout 

the electron and hole migration process. In order to 

accomplish the goal of degradation, the photogenerated 

electrons can also interact with O2 to produce   
• 𝑂2

− and 

then subsequently react with contaminants (Lee et al. 

2017). Finally, the products obtained from the 

photogenerated holes ( 𝑂 
• 𝐻−) and electrons (   

• 𝑂2
−) directly 

break down and oxidize methylene blue dye, resulting in 

its degradation into CO2 and H2O.  

ZnS + hv  → 𝑒− (CB) + ℎ+ (VB) 

H2O → 𝑂 
• H + ℎ+ 

O𝐻−+ ℎ+→ 𝑂 
• 𝐻−  

O2 + 𝑒− →   
• 𝑂2

−
 

MB + 𝑂 
• 𝐻−→ Products (CO2 + H2O) + Inorganic Products 

MB +  •𝑂2
− → Products (CO2 + H2O) + Inorganic Products 

A complete photocatalytic mechanism as an 

equation is depicted in Fig. 5 (Shobana et al. 2024).

 

 

Fig. 5: Photocatalytic mechanism of ZnS nanoparticles with methylene blue dye 

4.2 Photocatalytic Results 

The methylene blue dye was used to examine 

the photocatalytic activity of synthesized pure and Bi 

doped ZnS nanoparticles. The photocatalytic study of 

pure and Bi doped ZnS nanoparticles has been involved 

with the MB dye with fixed concentrations (10 ppm) and 

catalytic dosage (10 mg/L). Samples were taken at 

regular intervals of every 30 minutes to ensure that the 

catalyst suspension remained constant during the reaction 

for the degradation tests under exposure to UV light 

radiation. The UV absorbance of each samples were 
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graphically represented in figure 6 and then evaluated 

and calculated the percentage of methylene blue dye 

degradation efficiency and the photocatalytic kinetic rate 

constants were calculated and found to be 1.2 × 10−3, 1.3 

× 10−3 and 1.5 × 10−3 min−1 for pure ZnS, (2.5 and 5.0) 

mol % of ZnS nanoparticles, respectively; using a linear 

relation by the pseudo-first-order kinetic model and the 

relations as follows, (Mani et al. 2018; Riazian et al. 

2020; Shobana et al. 2024).  

 

 

Fig. 6:  Photocatalytic activity for methylene blue dye with 
catalysts (a) Pure ZnS (b) 2.5 mol % Bi doped ZnS (c) 5.0 mol 
% Bi doped ZnS Nanoparticles 

Percentage of dye degradation efficiency 

 0

0

100%tA A

A

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where A0 is the initial dye degradation concentration and 

At is the final dye degraded concentration at time (t = 0, 

30, 60, 90  and 120 minutes) (Wang et al. 2020).   

5. CONCLUSION 

Pure ZnS and Bi doped ZnS nanoparticles were 
successfully synthesized using a simple microwave 
irradiation technique. The prepared nanoparticles were 
characterized and calculated; the average crystallite size 
was found to be 4.12 nm with a face-centered cubic 
crystallite structure nature by XRD; the obtained EDAX 
spectra show that the chemical composition of Zn, Bi and 
S elements, the average particle size was found to range 
of 62 nm to 78 nm calculated from FESEM with a 
spherical shape, UV-vis absorption spectra were 
analyzed using Tauc plots and the optical energy band 
gap was found for pure and Bi doped ZnS nanoparticles 
and their ranges from 3.47 to 3.56 eV. As-synthesized 
ZnS nanoparticles are effectively employed for the 
removal of the chemical pollutant – methylene blue dye 
– under UV light irradiation by the photocatalytic 
process. The (5.0 mol %) Bi doped ZnS efficiency of dye 
degradation of methylene blue was achieved 75 % in 120 
minutes. Hence, the present study suggests that pure ZnS 
and Bi-doped ZnS nanoparticles act as photocatalysts, 
and they are promising for the breakdown of harmful 
organic pollutants in the field of water treatment.  
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