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       This paper reports on the synthesis and characterization of zinc sulfide (ZnS) dandelion-like nanoparticles (NPs) via a simple and 

template-free sonochemical method. The elimination of an organic methylene blue (MB) dye, as an organic pollutant, from an aqueous 

solution was carried out via the photodegradation process by ZnS NPs as a photocatalyst under ultraviolet (UV) irradiation. The ZnS NPs 

were investigated by X-ray diffraction (XRD), field emission scanning electron microscopy (FE-SEM), transmission electron microscopy 

(TEM), Fourier transform infrared spectroscopy (FT-IR), diffuse reflectance spectroscopy (DRS), energy dispersive X-ray spectroscopy 

(EDS), ultraviolet-visible (UV-Vis) spectroscopy, and N2 physical adsorption analysis. The DRS result revealed that the optical band gap 

energy of ZnS NPs was 3.55 eV. The FE-SEM and TEM showed that the average size of dandelion-like NPs was 60 nm. Furthermore, the 

Brunauer-Emmett-Teller and Barrett-Joyner-Halenda methods were used to determine the porosity properties, including pore volume, special 

surface area, and mean pore diameter with the values of 57.72 , 9.76 , and 16.5 nm, respectively.  
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INTRODUCTION 
 

      Recently, zinc sulfide (ZnS) has received special 

attention due to its non-toxic and photocatalytic activity, 

novel optical properties as well as being economical and 

environmentally friendly [1-5]. ZnS has been widely utilized 

in pharmaceutical compounds, semiconductor applications, 

environmental fields, sensing and imaging, solar window 

layers, and infrared windows [6-10]. ZnS is a semiconductor 

that shows two distinct crystalline phases, including cubic 

(zinc blende) and hexagonal (wurtzite) structures with an 

optical band gap energy of 3.7-4.8 eV [1-2,5]. The physical 

and chemical properties of ZnS NPs, such as their optical and 

photocatalytic activity, strongly depend on the precursor 

chemistry and three geometric specifications, namely, 

morphology,  dimension,  and  size.  Many  researchers   are 
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interested in synthesizing and discovering the novel 

properties of nanoscale materials due to their high effective 

surface area and high chemical reactivity.  

      Different morphologies of ZnS NPs, such as hallow [11], 

nanowires [12], nanorods [13], nanotubes [14], nanoflowers 

[15], nanosheets [16], and nanoclusters [17] have been 

fabricated. Various methods, such as hydrothermal [18], 

solvothermal [19], co-precipitation [20], electro-spray 

pyrolysis [21], capping agent assisted [22], solid-liquid 

reaction [23], combustion synthesis [24], laser ablation [25], 

vapor deposition [26], and sonochemical [27], have been 

utilized to synthesize the above-mentioned ZnS NPs 

structures. The synthesis through a sonochemical method is 

simple, less toxic, low-cost, controllable, and productive 

[28].  

      Nowadays, environmental pollution has become an 

essential challenge [29]. A wide range of complex                

organic compounds such as pigments, dyes, insecticides, and  
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aromatic compounds pose a serious hazard to the 

environment since they can enter the surface and source 

water and eventually the bodies of living organisms [30]. 

Among the compounds mentioned above, dyes and pigments 

are considered more dangerous due to their high solubility 

and high potential for entering the body parts of living 

organisms. Finally, these compounds may enter the food 

chain and cause genetic mutations in humans [31]. 

Conventional wastewater treatment processes, including 

physical, chemical, and biological methods such as 

electrolysis, osmotic filtration, biodegradation, active carbon 

adsorption, and ozonation [32], have been applied, yet the 

outcome of each of these processes depend on efficiency, 

durability, feasibility, and economic considerations [33]. 

Advanced oxidation process (AOP), a novel procedure based 

on semiconductor nanophotocatalysts under UV irradiation, 

has great efficiency for water splitting, hydrogen and 

hydroxyl radical production, and pollution elimination from 

water [34]. The ascendency of AOP over conventional 

methods in wastewater is due to its strong oxidation               

power, high photostability, rapid photodegradation rate,                 

high efficiency, and compatibility with subjected 

organic/inorganic pollutants [2]. Among the semiconductor 

nanophotocatalysts, nontoxic ZnS NPs have excellent 

photocatalytic activity due to their novel optical properties, 

which could vary according to their structure and particle 

size, proper optical band gap energy, high retention time, the 

high negative reduction-oxidation potential of excited 

electrons, and high capacity for the production of electron-

hole pairs under UV irradiation in aqueous solutions [35-37]. 

The general photodegradation mechanism involves the 

generation of electron-hole (e-_h+) pairs after absorbing the 

sufficient energy of UV-Vis photons (at least equal to the 

optical band gap) by semiconductors as well as sulfides and 

transition metal oxides [38-41]. The photogenerated 

electrons in photocatalysts could transfer from the valance 

band to the conduction band during UV-Vis irradiation and 

generate holes, which, in turn, create more free superoxide 

and hydroxyl radicals on the surface of photocatalysts in 

contact with water in an aqueous solution. The above-

mentioned oxidants (superoxide and hydroxyl radicals) can 

act as high reactive radicals and attack complex organic 

pollutants, pesticides, and heavy metallic compounds and 

degrade them to smaller, simple and harmless fragments and  

 

 

eventually to carbon dioxide and water molecules [2,31,42]. 

The major challenge to the use of photocatalysis is the slow 

reaction kinetic rate attributed to the slow generation and fast 

recombination of the generated (e-_h+) pairs. To overcome 

this obstacle, it has been suggested that semiconductors be 

modified to photocatalyst NPs, different precursors and 

suitable supporting additives be utilized, reactive solvents be 

used, and some metallic or nonmetallic materials be doped 

[43-45]. 

      In this research, ZnS NPs were characterized and 

fabricated by a sonochemical method. Furthermore, the 

optical band gap energy was measured, and the 

photocatalytic activity of ZnS NPs was determined under 

UV-Vis irradiation by the photodegradation of conventional, 

overused, and organic cationic methylene blue (MB) dye. 

The results were different from those of similar studies 

[1,2,46]. 

 

EXPERIMENTAL PROCEDURES 
 

      To fabricate ZnS NPs by a sonochemical method, carbon 

disulfide (CS2, ≥ 99%), thiosemicarbazide (NH2CSNHNH2, 

≥ 98%), ethylenediamine (C2H8N2, ≥ 99%), zinc chloride 

(ZnCl2, ≥ 99%), and deionized water were purchased from 

Merck co. and utilized as precursors without further impurity. 

Firstly, 0.2 ml of carbon disulfide was dissolved in 40 ml 

deionized water, and the solution was intensely stirred by a 

magnet stirrer (5000 rpm) for 15 min. Then, 0.6 ml of 

ethylenediamine, as a reactive solvent, was drop-wisely 

added to the stirred solution. The resulting solution was 

stirred at 5000 rpm for 1 h and sonicated for 15 min at 35 °C 

(model: Sono Swiss, 100 kHz, 800 W). Thereafter, 0.21 g of 

zinc chloride was added to 10 ml of deionized water, and the 

mix was added to the above-mentioned solution. The 

resulting solution was stirred for 1 h and sonicated for 45 min 

at 35 °C. The obtained solution was centrifuged at 8000 rpm 

for 15 min to collect the NPs. The humid precipitate was 

rinsed several times with deionized water and ethanol to 

remove impurities. The obtained powder was kept at 60 °C 

in a furnace and dried for 24 h. Finally, the powder was 

ground in an agate mortar.  

      The crystalline characterization of ZnS NPs was analyzed 

by XRD (model: GBC-MMA) with CuKα radiation                     
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(λ = 0.15418 nm) equipped with a Nickel filter. The intensity 

of the XRD patterns of ZnS NPs was recorded in the angular 

range of 20o ≤ 2θ ≤ 55o and determined at room temperature 

in the step-scan mode with a step rate of 2 deg min-1 and a 

step size of 2θ = 0.02o. Philips CM120 TEM and Hitachi        

S-4160 FE-SEM equipped with the EDS were utilized to 

investigate the morphology and compositional analysis of 

ZnS NPs, respectively. The photocatalytic activity and 

photodegradation rate of ZnS NPs were evaluated by the 

degradation of MB dye under UV irradiation (Lamp: Philips, 

UV-C, 253.70 nm, 40 W) using a UV-Vis spectrophotometer 

(Varian 50 Scan). Perkin Elmer Prys FT-IR with KBr pellets 

in the range of 500-4000 cm-1 was used to confirm the       

formed chemical bonds. Shimadzu UV-2550-8030 UV-Vis 

spectrophotometer with a slit width of 0.5 nm and light 

source wavelength of 360 nm was applied at room 

temperature to record the diffuse reflectance spectroscopy 

(DRS) and the optical absorption of NPs in the range of 200-

800 nm.  

      The photocatalytic degradation of MB was regarded as a 

measure of the photocatalytic activity of ZnS NPs in an 

aqueous solution under UV irradiation. The photoreactor 

consisted of 2 UV-C lamps (Philips, 253.7 nm,                                    

33.6 W cm-2, 40 W) that were positioned 8 cm above the 

quartz reservoir. The temperature of the photoreactor was 

fixed at 27 ± 1 °C by a small ventilator. A stock solution was 

employed by dispersing 70 mg of ZnS NPs into 100 ml of 

3.75 ppm MB solution at pH = 5.5. Before starting the 

photodegradation experiments, to establish the absorption-

desorption equilibrium between the dye and ZnS NPs, all 

suspensions were kept and sonicated at 40 kHz in a dark place 

without UV irradiation. The experimental findings did not 

show a significant effect of visible light on photocatalytic 

degradation. Afterward, 10 ml of the reaction solution was 

taken from the stock solution and stored in a quartz vial every 

10 min. The adapted reaction solution was illuminated under 

UV irradiation. The photodegradation reaction continued         

for 60 min; then, the irradiated solution was centrifuged at         

6000 rpm for 5 min and instantly filtered through a                      

0.1 Millipore membrane to remove the suspended ZnS NPs. 

Finally, the absorption of the cleaned solution was measured 

at the maximum absorption of the wavelength (668 nm) by a 

UV-Vis spectrophotometer (VARIAN, UV-Vis 50 Scan). 

 
 
RESULTS AND DISCUSSION 
 

      The XRD spectrum indicated that the ZnS NPs had partly 

an amorphous structure with a broad peak. As shown in       

Fig. 1, the prominent peak at 2θ = 29.09o can be attributed to 

the plane (111) of the cubic zinc blende crystalline phase. The 

d-space and Miller indices were determined by the Bragg 

formula (nλ = 2dsin). The structural data, including                            

d-space, cell constant, and unite cell volume of the cubic 

crystalline phase, were calculated from the lattice geometry 

equations, as cited below, and were equal to 0.306 nm,           

0.530 nm, and 0.149 nm3, respectively. 

 

      =                                                                 (1)             

 

      V = a                                                                            (2) 

 

The average crystallite size of ZnS NPs was estimated using 

Scherrer’s equation from the prominent peaks: 

 

      𝐿 =                                                                       (3) 

  

      𝛽 = [(𝛽) − (𝛽) ]                                                           (4) 

 

where L is the crystallite size in nm, k is a shape factor equal 

to 0.9 for spherical-shaped particles, λ is the x-ray radiation 

wavelength (0.15418 nm), βD is the corrected peak width at 

the half-maximum intensity in radians,  βm  is  the  measured  

 

 

 
Fig. 1. The XRD patterns of anatase crystalline phase of ZnS 

NPs. 
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broadening of the diffraction peak, βins is the instrumental 

broadening according to the diffraction patterns of a standard 

sample such as Si, and θ is the prominent peak position in 

half diffraction angle (Bragg’s angle). Scherrer’s equation is 

a simple and incomplete estimate that considers crystallites 

to be spherical in shape. According to Scherrer’s equation, 

the average crystallite size was calculated from the sharpest 

XRD peak (111) to be 28 nm. The X-ray density (ρ) and the 

specific surface area (Sa) of ZnS nanocrystallites belonging 

to the sharpest Bragg peak (111) were determined by the 

following equations [47]:  

 

      𝜌 =
 

                                                                        (5) 

 

      𝑆 =
×

=
×

                                                              (6) 

 

where M is the molecular weight, n is the number of atoms 

associated with each unit tetragonal cell, a and c are lattice 

constants, L is the ZnS nanocrystallite size, V is the volume 

of spherical nanocrystallites ( π( ) ), NA stands for the 

Avogadro’s constant, SA denotes the surface area, and L is 

the average size of the ZnS nanocrystallite. The SA, ρ, and 

 were estimated to be 47.83  , 4.34  , and 0.21, 

respectively. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

      Figure 2 illustrates the morphology of ZnS NPs. As 

shown in Fig. 2, the spherical NPs are distributed with an 

appropriate separation. The size of NPs was determined from 

the FE-SEM images using a histogram of the distribution of 

ZnS NPs that was found to be 60 nm. The surface of NPs had 

a porous and serrated shape. This formation was due to the 

tendency of NPs to reach lower energy and become more 

stable particles. Since ZnS NPs were small in size and 

dendrite in shape, they can behave as a suitable absorber of 

UV light energy. They also possess an acceptable chemical 

reactivity to split the complex organic compositions.    

      Figure 3 shows the energy dispersive of ZnS NPs and 

confirms the presence of Zn and S atoms. No other peaks 

representing foreign and irrelevant impurities were observed. 

As shown in Fig. 3, the highest wt% of S and Zn was found 

to be 58.22% and 41.78%, respectively. This confirms the 

presence of ZnS NPs. It is worth noting that the size of ZnS 

NPs determined from TEM was consistent with the FE-SEM 

results. As shown in Fig. 4, the average size of ZnS NPs was 

about 55 nm. 

      The DRS spectrum of ZnS NPs is shown in Fig. 5a. As 

shown in Fig. 5, a strong UV absorbance was observed at 

300.8 nm. UV-Vis spectrum was utilized to investigate the 

optical absorption band gap (Eopt) of ZnS NPs. Eopt can be 

estimated by the Kubelka-Munk (K-M) and Tauc methods. 

According to the K-M  method  (Fig. 5a),  Eopt  is  calculated  

 
Fig. 2. The SEM images of ZnS NPs at different magnifications. 
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Fig. 3. The EDS spectra of ZnS NPs. 

   

 

 
Fig. 4. The TEM image of ZnS NPs. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

from the x-axis intercept of the linear extrapolation of the 

absorption edge. The Eopt was estimated to be 3.47 eV using 

the following equation: 

 

      Eopt =                                                                        (7) 

 

where h, c, and λ stand for Planck’s constant (eV), light 

velocity (m s-1), and linear extrapolated wavelength                    

(360 nm), respectively. The electronic excitation from the 

valence band to the conduction band was affected by the Eopt 

and absorption edge. Therefore, the results from the K-M had 

to be verified and confirmed by another method. The Eopt of 

ZnS NPs was determined employing the Tauc equation: 

 
      𝛼ℎ𝜈 = 𝐴(ℎ𝜐 − 𝐸 )                                                       (8) 

 

where h is Planck’s constant,  is the incident light 

frequency, A is the relation constant, and α is the optical 

absorption coefficient (𝛼 =
.  

). The value of power n 

depends on the type of electronic transmission, i.e., n = 1/2, 

2 are for the allowed direct and indirect electronic transition, 

respectively, while n = 3/2, 3 are for the forbidden direct and 

indirect transitions, respectively [48-50]. The direct optical 

band gap of ZnS NPs measured from the Tauc equation was 

3.55 eV (Fig. 5b), which is somewhat in agreement with the 

value calculated from the K-M method. Compared to the 

commercial bulk ZnS with Eopt = 3.68 eV and λ = 350 nm, 

the Eopt of the synthesized ZnS NPs showed a red-shift in the  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 5. (a) The DRS (K-M function) of Zn SNPs, (b) the Eopt of the Tauc equation from the curve of (αhν)2 versus (hν), and  

(c) schematic diagram of energy level within the conduction and valence energy bands. 
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band gap transition. This shift was due to the size effect that 

caused extra delocalization of the electronic wave function 

[2]. This synthesis resulted in the narrowing of the Eopt and 

consequently the extension of the absorption region to the 

visible light range (Fig. 5c).  

      The performance of nanophotocatalysts is influenced by 

two important factors: poor response to the visible light 

region in the wide optical band gap and low photon efficiency 

due to its rapid (e-_h+) recombination [51-52]. The 

photocatalytic activity of the fabricated ZnS NPs was 

evaluated by degrading the MB solution under UV 

irradiation.  

      The schematic diagram of the UV-irradiation-driven 

photodegradation mechanism of ZnS in NPs in an aqueous 

solution is illustrated in Fig. 6. By absorbing the incident UV 

photons with the energy equal to or greater than the optical 

band gap energy of ZnS NPs, the photodegradation reaction 

began and electron-hole pairs, which were powerful 

oxidizing and active agents, were generated on the surface of 

ZnS NPs. The formation of oxidizing and reductive agents         

(e--h+) can be expressed by the following reaction: 

 

      ZnS + h  h+ (VB) + e- (CB)                                         (8) 

 

where VB and CB denote valence and conduction band, 

respectively. The oxidative and reductive reaction can be 

expressed as follows: 

 

      OH- + h+  OḢ 

      O2 + 4e- 2O2-                                                              (9) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The photogenerated active electrons reduced the surface 

absorbed oxygen molecules to produce ∙ O  radicals, which 

decomposed the dyes to harmless and simple molecules [3-

4,53]. The excited electrons were trapped by chemisorbed 

water molecules and/or surface hydroxyl groups to produce 

OḢ radicals. Also, the dissolved oxygen molecules trapped 

the excited electrons to produce active superoxide radical 

ions (O ∙ O ), leading to the production of oxidizing agent 

hydroperoxy (HO∙ ) radicals. Ultimately, the active generated 

radicals attacked and degraded the MB molecules under UV 

light irradiation, the reaction of which is expressed below 

[53-54]: 

 

MB + HO∙  (CO2+H2O +NH + NO  +  SO  + Cl-)    (10) 

 

The intensity of the absorption peaks decreased with 

increasing the irradiation time due to the decoloration of MB 

dye. Figure 7a reveals the time-dependency of absorption of 

MB located at 668 nm. The following equation was 

employed to estimate the photodegradation of MB solution: 

 

      Degradation percent = × 100                            (11) 

 

where Co and C stand for the initial and final dye 

concentration after UV irradiation time, respectively.            

Figure 7b illustrates the variation in Co/C versus the 

irradiation time, and Fig. 7c reveals that the photodegradation 

percent after 60 min of irradiation was about 85%. The 

kinetic consideration of ZnS NPs photocatalytic activity was  

 

 

 

 

 

 

 

 

 

 

 

 

 

  
Fig. 6. A feasible mechanism for the photodegradation reaction. 
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carried out by the Langmuir-Hinshelwood model at low MB 

concentration. According to this model, the kinetic 

calculation of the photodegradation of ZnS NPs can be 

simplified to a linear relation by the pseudo-first-order 

kinetic model. Figure 7d shows the variation in ln(Co/C) 

versus UV irradiation time fitted as a linear extrapolation by 

the following equation [1,3,55-56]: 

 

      k.t = 𝐿𝑛                                                                            (12) 

 

where k stands for the photodegradation rate constant (1/min) 

and was estimated to be 0.031 1/min. 

      To specify and confirm the chemical bonds of metallic 

and ceramic oxides of ZnS NPs, the FT-IR spectrum in the 

range of 500-4000 cm-1 was applied. As shown in Fig. 8, the 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 8. FT-IR spectra of ZnS NPs. 

 
Fig. 7. (a) UV-Vis absorption spectrum of MB aqueous solution in the presence of ZnS NPs, (b) photocatalytic degradation 

of MB against irradiation time, (c) the dye removal percent versus the irradiation time for MB, and (d) the kinetic linear 

relation between ln(Co/C) and irradiation time for MB. 
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peaks occurred at 1625, 1015, and 660 cm-1. The peak at           

1625 cm-1 can be attributed to the bending vibration of 

hydroxyl groups. Furthermore, the bands present at 657 and 

1012 cm-1 are related to the Zn-S vibration bond [57]. The 

absence of any other peak confirms the formation of Zn-S 

chemical bonding in the NPs as well as the complete progress 

of the reaction in the sonochemical method. 

      The obtained adsorption-desorption isotherm plots of 

ZnS NPs are illustrated in Fig. 9. The surface area analysis 

and porosity characteristics of the synthesized ZnS NPs were 

carried out using Brunauer-Emmett-Teller (BET) and 

Barrett-Joyner-Halenda (BJH) methods. The physical surface 

area was determined using the BET method by measuring the 

adsorption against the relative pressure in static equilibrium. 

The N2 adsorption-desorption isotherm was accomplished at 

77 K over the range of 0.15  P/Po 0.81. The N2 physical 

adsorption isotherm was classified into the IV type. Also, the 

hysteresis loop was that of H2 according to the International 

Union of Pure and Applied Chemistry (IUPAC). The IV type 

of physical adsorption isotherm implied capillary 

condensation  in  meso-  and  macro-pores  while  closure at  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

about P/Po  0.15 reflected the presence of small mesopores. 

Figure 9b shows the BET-specific surface area, which was 

calculated to be 9.76 m2 g-1. Pore size distribution, total pore 

volume, the volume of mesopores (Vm), mean pore diameter 

(rm), and the peak of the pore size (rpeak) in pore size 

distribution were determined using the BJH method, as 

presented in Fig. 9c. The physical adsorption profile shows 

that 86.14% of porosity was located in the mesopores. The 

porosity parameters of ZnS NPs are summarized in Table 1. 

      The properties of the synthesized NPs are listed in                

Table 2 and compared to previous studies with different 

methods and precursors [1,46], According to Table 2, the 

photocatalytic activity of ZnS NPs synthesized by a 

sonochemical method was less than that of other samples. 

The synthesized NPs also had a larger optical band gap and a 

smaller specific surface area (SBET), which together explain 

the reduced photodegradation rate compared to that of other 

samples. As presented in Table 2, ZnS NPs exhibited two 

types of crystalline polymorphous, the cubic zinc blende and 

hexagonal (wurtzite) structures with a direct wide optical 

band gap in the range of 3.7-4.8 eV caused by the difference  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 9. (a) N2 adsorption-desorption isotherm, (b) the BET plot, and (c) the BJH plot of ZnS NPs. 

 

 

                Table 1. N2 Physical Adsorption Data of the Synthesized ZnS NPs 

 

rp,peak 

(nm) 

Average pore 

diameter  

(nm) 

Specific surface area 

( ) 

Vm ( ) 

STP 

Total pore volume 

( ) 

16.73 23.65 9.76 49.71 57.72 
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in atomic arrangement and different Zn and S terminated 

surfaces [1,58-60]. In the hydrothermal method, the  

photodegradation rate of NPs in the cubic zinc blende 

crystalline phase was more than that of those NPs in the 

hexagonal wurtzite samples [59-60]. This change can be 

attributed to the atomic arrangement in the crystalline 

structure of the synthesized NPs, which ultimately led to a 

reduction in the optical band gap and an increase in the 

photocatalytic activity in the zinc blende crystalline phase. 

Phase control is a crucial parameter in the modification of 

electro-optic properties of semiconductor NPs. According to 

the experimental findings, the optical band gap and specific 

surface area are the key factors affecting the photocatalytic 

activity of ZnS NPs because a lower optical band gap absorbs 

a wider range of incident photon energies near the visible 

region, which, in turn, can result in more photodegradation 

activity. 

 
CONCLUSIONS 
 

      In summary, the ZnS NPs were successfully synthesized 

by a sonochemical method, and their structure, optical band 

gap, and photocatalytic activity were studied. The X-ray 

diffraction technique indicated partly amorphous context and 

cubic zinc blende, with the prominent peak at 29.09o 

corresponding to (111) lattice plane. The size of zinc  blende  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

nanocrystallites was estimated to be 28.9 nm using Scherrer’s 

equation. The size and serrated shape of ZnS NPs were 

determined by the FE-SEM and TEM images. According to 

the depicted histogram, the average size of the synthesized 

ZnS NPs was determined to be about 60 nm. The N2 

adsorption-desorption technique was used to determine the 

physical surface properties, such as porosity, specific surface 

area, total pore volume, pore size distribution, and the 

porosity of the ZnS NPs. The K-M method and Tauc equation 

were used to calculate the optical band gap, which gave 3.47 

eV and 3.55 eV, respectively. The photocatalytic activity of 

ZnS NPs was determined by measuring the photodegradation 

rate and the efficiency of the organic MB dye. The chemical 

bonds and vibration modes of ZnS NPs were illustrated by 

the FT-IR spectrum. The photocatalytic activity of ZnS NPs 

was affected by three primary factors: crystalline phase, 

specific surface area, and optical band gap. Compared to the 

former synthesized samples, the sample synthesized by the 

hydrothermal method in cubic zinc blende crystalline phase 

had the highest photocatalytic activity.  
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Table 2. Summary of Specifications and Photodegradation Properties of Synthesized ZnS NPs 

 

 

 

Synthesized 

method 

 

 

Precursors 

 

 

Crystalline 

phase 

Specific 

surface 

area 

( ) 

Optical 

absorption 

band gap 

(eV) 

The average 

size of NPs 

(nm) 

Removal 

efficiency 

after 60 min 

(%) 

photodegradatio

n rate 

constant ( ) 

FE-SEM TEM 

Hydrothermal 

Zinc acetate 

dehydrate, 

thiosemicarbazide, 

ethylenediamine 

Wurtzite 20.80 3.43 70 60 80 0.035 

Hydrothermal 

Thioacetamide, 

oleic acid, zinc 

chloride 

Zinc blende 19.12 3.47 105 110 95 0.052 

Sonochemical 

Carbon disulfide, 

ethylenediamine, 

thiosemicarbazide 

Zinc blende 9.76 3.55 60 55 85 
0.031 
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