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Summary 

 

This work focused mainly on the synthesis and characterization of zinc 

sulfide nanocrystals using chemical precipitation approach. Zinc sulfide 

nanoparticles with quasi-spherical shape have been fabricated by 

controlling the concentration of the starting materials, reaction time and 

pH of the solution. The formation of zinc sulfide nanocrystals was 

confirmed through TEM, FE-SEM, XRD and EDX techniques. The band 

gap energy was measured from the UV-Vis spectrum and was found to be 

3.8 eV, the observation of blue shift with respect to the bulk ZnS is 

attributed to the effect of quantum confinement. The adsorption behavior 

of ZnS nanoparticles was demonstrated and it was found that ZnS 

particles have the ability to adsorb methylene blue dye (MB) from 

aqueous solution. It was found that with increasing amount of ZnS in the 

dye solution, the removing for MB increased. 

                                  

In the second part of this project, zinc sulfide nanoparticles were prepared 

using green methods. In this method, parts of plants are used as reducing 

agents and protecting agents rather than using chemical materials. 

Parameters such as the concentration of the extract and pH of the solution 

were modified to control the growth process of ZnS nanoparticles. The 

band gap energy was determined from the absorption spectrum and found 

to be 3.93 eV, which is in blue shift compared to bulk ZnS. FTIR 

spectrum identifies the functional groups that could be attached to the 

prepared ZnS particles. ZnS nanoparticles' adsorption behavior was 

demonstrated, and it was found that a small amount of ZnS particles     

(0.1 g) are able to adsorb methylene blue dye (MB) from wastewater. 
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1.1 Nanotechnology 
 

Nanotechnology, in recent years, has been considered to be one of the most 

interesting research areas. It deals with the formation and manipulation of 

objects on the nanoscale (1-100 nm), at which nearly all materials show 

different properties, and indeed new features appear, that differ significantly, 

from those of bulk counterparts.
1 
 

For example, it is well known that bulk gold does not show catalytic activity 

(inert chemically), however, as the gold cluster sizes shrink to the nanoscale 

level, it becomes an excellent catalyst.
2 

 Bulk copper can be easily bent but 

when its dimensions are reduced to less than 40 nm, it exhibits a very hard 

structure.
3  

Classification of nano materials according to their dimensions :( 0 D, 

1D, 2D, 3D) NPs. 

and according to the composition: (organic, Inorganic,hybride)NPs. 

1.2 Applications of nanotechnology 
  

Nanomaterials have a larger number of atoms on their surface compared to the 

interior atoms, leading to an increase in the surface to area ratio and the surface 

energy.                                                                                          

These dramatic increments in the ratios of the surface-to-area are believed to 

make great changes in their physical and chemical properties.
4,5

 These properties 

pave the way to use the nanostructures in many potential applications (see 

Figure 1.1). In industrial and electronic sectors, the use of nanomaterials is 

expected to improve the products’ features such as increasing the efficiency of 

solar cells and light bulbs. In the medical fields
6
, many metals and 

semiconductors nano-materials exhibit antimicrobial, antiviruses, and 

antibacterial activities.
7,8      
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The development of nanotechnology opens a new world for early diagnosis and 

treatment of diseases such as cancers and inflammation.
9
 Moreover, 

nanostructures are being used to improve the environment, they used for 

removal contaminations and treating water.
10

 Nanotechnology play a role in 

making the industrial materials digestible or to changing them to another 

biodegradable forms.  

Nanomembrane technology depends on using carbon-nanotube as a member to 

filter or separate the unwanted gases (CO2 gas) and to prevent their penetrating 

to our environment.  Carbon nanotube membranes exhibit an ability to capture 

gases with efficiency more than 100 times other conventional membranes.                                            

 

 

 

 
 

 

Figure 1.1 Scheme  shows applications of nanotechnology.
11
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1.3. Formation of Nanostructures  
 

Top-bottom and bottom-up approaches have been developed and used for the 

formation of nanomaterials.
12

 Figure 1.2 shows the two techniques that are used 

for synthesis of nanostructures.                                                                            

 

 
 

 

Figure 1.2 Illustration showing the top-to-bottom and bottom-to-up approaches. 

 

  

1.3.1 Top-bottom approaches  

 

The idea behind the top-bottom approaches is to transition the large-scale 

materials (bulk materials) to small nanoparticles using methods such as milling 

or attrition, lithography and repeated quenching.
13

  

 

 Mechanical milling can produce particles with diameters ranging from a couple 

of tens to several hundred nanometers. On the other hand, milling technique has 

certain limitations such as broad size distributions of the resultant milled 
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particles and a varied particle morphology. Also, the particles produced may 

have picked up impurities from the milling medium and defects on their 

surfaces that can result from attrition.
14

 

                                                                              

Repeated quenching (repeated thermal cycling) is a technique used to produce 

nanoparticles which involved breaking down bulk materials into fine particles.
11

 

In this method only materials with very low thermal conductivities can be used. 

In other words, it cannot be used with very poor thermal conductivity materials. 

As well as, it is difficult to design and control the shape and size of the desired 

nanostructure.  

Lithography is another example of a top-down method which sees widespread 

use in the manufacture of printed circuits and computer boards. However, it is 

expensive because it requires venture sources, i.e., electrons beams with high 

energies and support equipment. 15                                                                                                                                  
 

 

1.3.2 Bottom-up approaches  

 

Bottom-up approaches are the most common methods used in the synthesis of 

nano-objects. The concept of the bottom-up approach is the self-assemble the 

atoms and/or molecules into nuclei and then form nanoscale particles.
16

 There 

are many different methods used in bottom-up approaches, such as chemical 

vapor deposition, sol-gel, electro deposition, and the solvothermal method.
17,18

 

Chemical vapor deposition is a process in which the substrate is exposed to one 

or more volatile precursors, which react and/or decompose on the substrate 

surface to produce the desired nanomaterials. For instance, carbon nanotubes 

can be formed by this method by passing any source of carbon (methane or 

acetylene) over catalyst (Ni, Fe or Co)
19,20

 when the formal decomposed into 

carbon atoms, carbon nanotubes can be produced via the catalyst. Therefore, 
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chemical vapor deposition is considered an economical technique to 

synthesizing carbon nanotubes.  

A Sol-gel method is a chemical method used for the synthesis of various 

nanostructures, especially metal oxide nanoparticles. In this technique, the 

molecular precursor (usually metal alkoxide) is dissolved in water or alcohol 

and converted to gel by heating and stirring by hydrolysis/alcoholysis. Sol-gel 

approach has several advantages; it is used to produce metastable materials with 

high purities and compositional homogeneities at reasonable temperatures. In 

addition, this technique allows for the control of shape, porosity and 

composition to obtain materials with high surface-to-area ratios.
 

The Chemical precipitation method is considered a broad chemical method 

for preparing nanomaterials.
 
This method involves essential processes such as 

chemical reaction, nucleation and growth, and secondary processes such as 

agglomeration, attrition, and breakage. Due to the difficulties with avoiding 

nucleation during the subsequent growth of nuclei, the particles obtained with 

a conventional precipitation process are relatively large with broad size 

distributions.
21

  

Although precipitation is the most widely used method, it is difficult to control 

the associated size, shape, and dispersion.
22,23

 the nanoparticles produced by this 

method tend to be polydisperse and have a uniform shape. However, by 

controlling parameters such as pH, starting material concentrations, ionic 

strength of the precipitation medium, and reaction temperature, one is able to 

control the crystal or\and particle sizes, shapes, and the crystal structures. In 

addition, the number of stabilizing ions, the presence of other ions, chelation, 

and adsorption of additives on the nuclei and growing crystals are all factors that 

could affect the size and morphology of the resultant nanoparticles. 
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1.3.2.1 Biological methods (green chemistry) 

Various chemical techniques can be chosen for the synthesis of nanoparticles 

because of their rapid reaction times and their ability to produce monodisperse 

nanoparticles. Techniques such as chemical reduction, electrochemical 

reduction, photochemical reduction, and heat evaporation have all been 

employed to control nanoparticle composition. Although all these techniques 

can produce NPs, they have some disadvantages such as the high price of the 

process and not being environment friendly, since they result in considerable 

amounts of pollution because of the toxic solvents and reducing agents that are 

used.  

To avoid these drawbacks, green chemistry approaches have been proposed and 

used for the production of nanoparticles that are simple, convenient, less energy-

conception, kinder to the environment, minimize the usage of unsafe materials 

and maximize the efficiency of the process as shown in Figure 1.3. 

 

 

                     

                       Figure 1.3 Diagram showing some advantages of green synthesis 
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1.3.2.1.1 Using bacteria for fabricating nanomaterials 

 

Under mild cultivation conditions, bacteria represent one of the fastest growing 

microorganisms. They can detoxify the chemical, thereby; they can survive and 

grow in areas where the concentration of toxic metals is quite intense. They 

have been employed, recently, to synthesize different types of nanostructures. 

These nanomaterials can be used in safety applications such as cosmetics and 

clothes without causing any risk to humans since these materials are not toxic.24           

 

The exact process for the synthesis of nanoparticles is yet to be invented. This is 

because different biological agents have different mechanisms for synthesis. 

The most reliable mechanism for the synthesis of nanoparticles is that enzymes 

and proteins are secreted either intracellularly or extracellularly during the 

metabolic activities of bacteria which serve as bio-reduction and bio-

stabilization.
25 

The underlying mechanism of ZnS nanostructure formation using 

bacterial microorganisms requires further complex steps including; biosorption 

and bioreduction as shown in Figure 1.4. The first step is initiated by trapping 

ions (Zn
+2

) on the surface of the bacterial cell through physical and chemical 

interactions.
26

 

 

 

 
 

Figure 1.4 Diagram showing the mechanism of nanoparticle synthesis by microbes, this 

photo reproduced from ref. 27
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Interestingly, Suriyaraj et al. )2019)
28

 have described the synthesis of ZrO2 

nanoparticles using extremophilic Acinetobacter sp. bacterial. The finding 

showed that ZrO2 particles are not toxic to the fibroblast cells of the mouse. 

Gong et al. have reported the bio-faibrication of zinc sulfide nanoparticles using 

environmentally friendly bacteria Desulfovibrio desulfuricans. The resulted ZnS 

NPs have an average diameter of 5-8 nm. UV-Vis spectroscopy recorded the 

maximum absorption of biosynthesized ZnS particles .It was shifted towards 

shorter wavelengths compared to the bulk ZnS. According to the authors, ZnS 

NPs were formed in the cell and then delivered to the solution. They also 

reported that the majority of ZnS particles were concentrated in the cell 

membrane, then cell wall and cytoplasm.
29

 

 

1.3.2.1.2 Using fungi in preparing process of nanoparticles 

 

Fungus is a eukaryote micro-organism that digests food externally and absorbs 

nutrients through the cell wall by decomposing organic matter. They belong to 

the autotropic organisms.
30

 Fungi are known to reproduce by spores, they obtain 

their carbon and energy from other organisms. Due to special features such as 

their ability to secrete digestive enzymes into their food to obtain the nutrients 

required for their growth. They are considered ideal bio templates for the 

synthesis of nanoparticles.  

This process is similar to the synthesis of nanoparticles from bacterial species, 

however, it is more advantageous due to the fungus's potential to endure severe 

synthesis conditions. Also one of their important advantages is their accelerated 

growth in controllable ways, which is why fungal species are preferable for the 

biosynthesis of nanoparticles.  
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Verticillium fungal species are utilized to prepare silver nanoparticles. When the 

fungal biomass is exposed to a solution containing Ag ions, the metal ions are 

reduced and silver nanoparticles are formed with a diameter of 25 ± 12 nm. 

Microscopic studies for the fungal cells showed that Ag nanoparticles were 

produced under the cell wall. Their interpretation is enzymes that are present in 

the cell wall membrane are responsible for the reduction of metal ions. The 

latter were not toxic to the fungal cells and they found that after the bio-

fabrication of Ag particles, cells continued to proliferate.
31

 

 

1.3.2.1.3 Fabrication of nanomaterials using Algae  

 

Another way to synthesize nanoparticles is from Algae, Algae consists of a large 

heterogeneous collection of plants that differ in size, habitat, physiology, 

reproduction, and biochemistry. Algae are considered both eukaryotic and 

prokaryotic, acquiring their nutrients through the photosynthetic process. 

Sometimes they are considered terrestrial plants because they use chlorophyll 

for photosynthesis. Some algae expel fucoidans from their cell walls such as 

seaweeds, these fucoidans contain several sulfated esters and fucose, displaying 

numerous bioactivities including antioxidant and anticoagulant properties. 

These biomolecules (fucose and sulfated esters) are then used for the green 

synthesis of nanomaterials.
32

 

Algae have many bio-active components such as polyphenols, polyunsaturated 

fatty acids, proteins, etc.
33

 These components can act as capping and reducing 

agents to produce nanostructures. Two mechanisms for the biosynthesis of 

nanoparticles using algae were suggested, extracellular and intracellular. 

Extracellular includes the reduction of metal ions to its nanoparticles on the 

surface of algae, whilst the latter also involves the reduction of metal ions but 

through enzymatic activity, this occurs in the wall and membrane of the cell (see 

Figure 1.5).
34
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 Chlamydomonas reinhardtii (an alga that lived in freshwater) was used to 

synthesize zinc sulfide nanoparticles.. FTIR spectrum showed the presence of 

protein on the ZnS nanoparticles' surface. UV-Vis spectroscopy recorded the 

maximum absorption of biosynthesized ZnS particles at 310 nm which is shifted 

towards the higher energies.
35

 

 

 

 

Figure 1.5 Mechanism explaining the formation process of ZnS NPs using Chlamydomonas 

alga. This photo reproduced from 
35. 

 

 

1.3.2.1.4 Preparation of nanomaterials using plant extract 

Plants are the most widespread, cost-efficient, and locally available material for 

the synthesis of nanomaterials. Compared to other green materials plants have 

remarkable benefits. Various plant parts can be used to synthesize 

nanomaterials, for instance, leaves, fruit, roots, flowers, and in some cases 

tubers. The plant materials can be collected from different sources, washed, and 

then either dried or ground to form a powder. The plant parts may also be boiled 

to acquire the plant extract. These plant extracts contain biomolecules like 



Chapter One                                                                                                  Introduction   

 

 
 

11 

amino acids, enzymes, tannins, sugar, flavonoids, and many more, all of which 

are used to stabilize the desired nanoparticles.
36

   

 

 One of the advantages of using plants to synthesize nanoparticles is its faster in 

contrast with microbial routes, the synthesis process occurs within a few 

minutes to several hours while other microbial communities take days.
37 

Another 

thing is that the whole synthesis process can be controlled and manipulated 

however wanted. Finally, the use of plants has less health risk. 
38

   

 

The importance of green synthesis over chemical and physical synthesis is due 

to it being environmentally friendly, rapid, and simple and there is no 

requirement for the use of high temperature, pressure, toxic material and 

pressure.
39

  

 

The basic principle of the plant extract method is that biomolecules such as 

phenols, polyphenolics, and flavonoids which exist in the extract could cap and 

reduce the metal ions and form metallic nanoparticles. There are two 

mechanisms to explain the formation process of nanoparticles using plant 

extract: intracellular and extracellular. A metal-rich medium (soil and 

hydroponic solution) is required to form metallic nanoparticles in the 

intracellular mechanism, which means further efforts are needed such as culture, 

monitoring, and collecting nanoparticles. On the other hand, the extracellular 

mechanism, which is shown in Figure 1.6, includes preparing the extract 

solution from the plant parts, then mixing it with a solution containing the metal 

salt solution. Nanoparticles formed through these biological techniques are used 

in agriculture, drug delivery, environmental, medical, and cosmetics fields as 

they are non-toxic particles.  
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Figure 1.6 Scheme showing the synthesis process of Nanoparticles using plant extract as a 

reducing and capping agents. This scheme was taken from.
40

 

  

In literature, various studies have been performed about the formation of 

semiconductor particles from plant extract. Nonetheless, few works were done 

about using the plant extract method for preparing ZnS nanoparticles. Thereby, 

here we report, for the first time, the fabrication of zinc sulfide nanoparticles 

from broccoli extract. This extract acts as a capping agent which expects to 

prevent or reduce the aggregation process of ZnS nanoparticles and control their 

stability, size and shape.                 
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1.4 Semiconductors 

Semiconductors are solid materials in which the electric current travels with 

difficulty, the electrical conductivity of which is controlled by the addition of 

other elements in trace amounts. Semiconductors have conductivity lies in the 

range between conductivity of conductors and insulators (see Figure 1.7). 

Semiconductors can be found either as free element such as selenium and 

silicon or compound form such as tin sulfide, gallium arsenide and zinc sulfide.  

 

 

Figure 1.7 Diagram of the band structure of insulators, semiconductors and conductors, 

where Eg represents the band gap. This image was taken from ref.
41

. 

 

1.4.1 Development of semiconductors 

 

 Many works have been performed to improve and study the properties of 

semiconductor materials and their applications. In 1886, diode rectifiers were 

produced, for the first time, from Germanium semiconductors.
42

 In 1906, the 

American inventor of the electric motor invented the first solid-state electronic 

component: a radio wave detector, which used metals in contact with 

semiconductor material such as silicon or lead sulfide.
43
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The invention of solar   cells in the forties is considered the most achievement in 

the semiconductor technology.
44 

The year 1962 witnessed the innovation of the 

first semiconductor laser.
45

 It is characterized by very small size, high efficiency 

of generated light and power consumption (compared to other types), and thereby 

sees widespread use in many applications. It is found in CDs, DVDs, laser 

printers, optical discs, pens, and laser games. It has many colors, including red, 

green and blue. 
46

                                      

Semiconductors are applied in low temperature printing process that aims to 

manufacture low-cost solar cells. It is even used in manufacturing the nano-

transistors that are more powerful, faster, and highly energy efficient. 

Nowadays, devices and equipment that include semiconductor materials are the 

basis of modern electronics, which include radio, digital cameras, laptops, 

quantum computers, and many other devices.
47

 

 

1.5 Nanometer-sized semiconductors 

 

At the nano scale level, semiconductors possess remarkable properties which 

differ completely from their bulk counterparts and discrete molecules as shown 

in Figure 1.8. Semiconductor nanoparticles which are commonly called 

quantum dots have a diameter of less than 10 nm, at that size the quantum 

confinement effect is observed.
48
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Figure 1.8 Comparison of band gap energy in bulk, nano and atomic scale, showing the 

dependent of the band gap on the size.  

 

In semiconductor nanoparticles, atoms get closer and begin to form bonds.
49

 The 

energy levels of the atoms starts to divided into groups of closely spaced energy 

levels. When the atoms reach the lowest energy band consists of valence 

orbitals, the equilibrium between atoms occur. The first band is called the 

valence band. It contains permissible energy levels of low energy and is 

completely or partially filled with electrons, and indeed cannot be free of them. 

These electrons are called valence electrons. The second band is called the 

conduction band which contains permissible energy levels with high energies, 

higher than permissible energy levels in the valence band and it is empty band.  

 

The electronic properties, optical properties and conductivity of semiconductors 

can be monitored via the band gap energy. Band gap energy is the difference in 

energy between valence and conduction bands. Electrons could move from the 

valence band to the conduction band through the band gap if they gain sufficient 

energy from an external source (such as heat energy, light energy, or the effect 

of an electric field),
50

 which is equal or higher than the band gap energy. As a 

result, the electron in the valance band will excite leaving a hole in the 

conduction band. The hole and electron have the same magnitude but opposite 

polarity and they form together exciton, which collapses quickly. Thereby, as 



Chapter One                                                                                                  Introduction   

 

 
 

16 

the particle size reaches the nanoscale and becomes less than the exciton size (1 

nm to 100 nm)
51

 the electrons cannot move about as freely at that scale and 

become restricted. The confinement of the electrons causes them to react 

differently to light and this phenomenon called quantum size effect.
52

 

As shown in Figure 1.9 two kinds of band gaps can be found in 

semiconductors: direct band gap and indirect band gap. The direct band gap 

occurs when the conduction band's minimum is located directly above the 

valence band's maximum in momentum space. As a result, no momentum 

transfer is needed to move the electron from the valence band to the 

conduction band. However, indirect band-gap semiconductors do not have the 

lowest part of the conduction band energy at such a point. Thereby, the fast 

electron has to transfer momentum to an electron in the valence band in order 

to excite it into the conduction band.
53

  

  

 

 
     

Figure 1.9 Simplified optical transition of a semiconductor. (a) Direct band gap, and (b) 

indirect band gap.
51
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1.6 Bulk zinc sulfide  

     Zinc sulfide (class of II-VI semiconductors) is the main source of zinc. It has 

wide band gaps of about 3.54-3.91 eV in the bulk form
54

, and so are deemed 

ideal for short wavelength optoelectronic applications.
55,56

 ZnS is a non-toxic, 

abundant, and environmentally friendly substance with high chemical stability 

in contrast to oxidation and hydrolysis. Furthermore, it is very stable across a 

large pH range and can be prepared from earth-abundant materials, in addition, 

it is widely utilized in various applications, for example, solar cells, electronics, 

catalysts, light emitting diodes (including lasers), active sensors, and wastewater 

treatment.
57,58 

In general, ZnS compound is a polymorphous material because they exist in 

nature in two crystalline structures: Zinc Blende and Wurtzite. In these two 

forms, the coordination geometry at zinc and sulfur is tetrahedral. The two 

forms have the same closest-neighbor connections; however, there is a slight 

difference in the distances and angles to the neighbor's. Table (1.1) reports the 

differences among the crystal structures of these zinc sulfide forms.54,59 

Table (1-1) Differences in crystal structure of two ZnS phases 

 

Zinc Blende (ZB) Wurtzite Zinc (WZ) 

 

 

1. Cubic  1. Hexagonal  

2. It is more stable than Wurtzite 2. Lest stable than Zinc Blende 

3. Band gap of ZB is approximately 3.54 eV 3. Band gap is 3.91 eV 
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1.7 ZnS nanostructures  

Compared to bulk ZnS, nanocrystal zinc sulfide has interesting properties due to 

the size confinement effect.
60,61 

The quantum size effect becomes obvious when 

the particle radius reaches the Bohr radius of the exciton (electron-hole pair). 
62

 

As the particle size decreases the number of atoms in the particles decreases too, 

this leads to reduction the overlap of atoms orbitals, and consequently, the width 

of the valance and conduction bands narrows and the energy gap between them 

increases. Therefore, the absorption edge will be shifted towards higher energies 

(blue shift).
63

 It is well known that zinc sulfide (ZnS) has a wide direct band gap      

(Eg = 3.6 eV at 27 
o
C), which emits light in the UV region of the 

electromagnetic spectrum .
64

 This property increases the lifetime of excitation 

resulting in reduced recombination. Moreover, using a plant extract as a capping 

agent leads to minimization of the agglomeration and the formation of 

nanoparticles with small sizes and large surface-to-area ratios which properly 

have an affinity to adsorb contaminants. 

1.7.1 Applications of zinc sulfide nanocrystals 

Zinc sulfide nanostructures have remarkable optical properties and tunable 

photoluminescence when compared to their bulk counterparts because of the size 

quantum confinement effects.
61

 The distinctive features of ZnS nanoparticles pave 

the way for using ZnS particles in our life. ZnS particles have tunable band gaps 

which make them important in many potential applications such as 

in the electronics and biological applications. 
65

 
66

   Zinc sulfide is well-known as 

phosphor material, therefore, it can be used in a variety of luminescence 

applications including electroluminescence and photoluminescence. This property 

opens the door to their use in the manufacturing of solar cells, infrared windows, 

laser, displays and sensors.
67

 

The photoluminescence intensity of nanoparticles is about 25 times brighter 

than that of bulk particles; making them a good candidate to use in many 
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devices compared the bulk semiconductors.
68

 Regarding photocatalytic activity, 

ZnS nanoparticles are capable of splitting water to generate hydrogen with the 

help of solar energy.
36

 The generated hydrogen is employed in clean energy 

systems.
65

 This remarkable property opens the door to their use in reducing 

pollutants from water. Nanoparticles also play a role in the cosmetic industry; 

they can be dispersed in a wide range of cosmetics like foundations, lipsticks, 

and many more. Because they provide high UV protection, they can be used in 

sunscreens. In terms of medical application, ZnS particles are used successfully 

for wound healing and repair due to their biological activities in inhibiting the 

fetal bovine serum and reducing the production of collagen.
70

 According to the 

Labiadh group research, ZnS nanoparticles exhibit antibacterial and antiviral 

properties, in addition to, the higher antioxidant property.71
 Very recent study 

(2022)
72

 shows that ZnS nanoparticles can be used in treating cancer cells in 

vitro, in particular leukemia cells, through generating reactive oxygen species 

followed by killing cancer cells by TNF-α factor. Finally, due to the high 

activity of semiconductor materials (they act as fluorescent materials), they have 

been used in the identification of DNA.73 Figure 1.10 summarizes the most 

important application of ZnS nanoparticles. 

 

 

 

 

 

 

 

          

  Figure 1.10: Potential applications of ZnS nanoparticles. 

 Applications 
Of 

ZnS NPs 

 
 

 

https://www.sciencedirect.com/science/article/pii/S1995764516301250#!
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1.7.2 Literature review about preparing zinc sulfide 

nanostructures 

 

Many efforts have been performed to developing methods for producing metal 

and semiconductor nanoparticles with various sizes and shapes such as sol-gel, 

chemical precipitation, biosynthetic methods and laser deposition.
74-77

 Zinc 

sulfide nanoparticles can be prepared by, for example, sol-gel,  87 microwave 

assisted,
79

 chemical precipitation,
80 

and sonochemical method.81 

Figure 1.11 summarized the most commonly used methods for producing zinc 

sulfide nanostructures. In this section we will mention few of the previous 

studies about the formation of ZnS nanoparticles.  

 

 

Figure 1.11 Various approaches for synthesis ZnS nanoparticals. 

 

Different plant species have been used to fabricate nanoparticles using water or 

methanol as solvents. For example, zinc sulfide nanoparticles were synthesized 

successfully using Tridax procumbens extract as a protecting agent. The authors 

found that zinc sulfide nanoparticles have potential antimicrobial activity 

against different bacteria and fungus cultures.
82

 Chandran et al. used a 
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hydrothermal approach to generate bare ZnS nanoparticles and then used 

Scherrer equation to compute the average crystallite size of the sample, which 

was found to be 20-36 nm. 
83

  

Pathak teams used
84

 a mechanochemical method to make zinc sulfide 

nanoparticles, and the crystallite size of the as-prepared nanoparticles was 

determined to be in the range of 4–7 nm. Goharshadi et al. performed 

experiments to produce ZnS nanoparticles with an average particle size of 2 nm 

using ultrasonics with irradiation, without the use of a surfactant, at high 

temperatures. They discovered that by employing 0.2 g ZnS NPs at a neutral 

pH, the photocatalytic activity of zinc sulfide quantum dots for the breakdown 

of reactive black 5 (type of Azo dye) could be examined in short time (10 

minutes).
85

  

Shanmugam groups noted that the cerium-doped zinc sulfide nanorods had a 

flower-shaped morphology, indicating that they were successfully synthesized 

in air environment using a simple chemical precipitation process.
86

  

Parvaneh and coworkers utilized the precipitation approach to make ZnS 

nanoparticles with EDTA as a stabilizer and capping agent, 
87

  whereas 

Ayodhya and coworkers
40

 used the same method with different capping agents 

such as PVP (polyvinyl pyrrolidone) and PVA (polyvinyl acetate). 

ZnS particles were prepared using Stevia rebaudiana leave extract as a nontoxic 

and bio-reductant agent. It was concluded that the ZnS crystals have size of 

8.35 nm based on XRD calculations
88

.  

The bio fabrication of ZnS particles using various microorganisms was 

demonstrated.  In 2018, Ohara et al. prepared zinc sulfide nanoparticles using 

bacteria (Shewanella oneidensis MR-1) as a bio-reducing agent. Their resulted 

particles have an average size of 5-6 nm and spherical shape. They also 

concluded that the protein molecules from bacteria absorbed on the surface of 

ZnS nanoparticles.
89

 

https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/stevia
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Bera and colleagues found that doping increased the size of the crystals produced 

for bare ZnS and Mn-doped ZnS nanoparticles.
90

  

The authors also studied the cytotoxic effects of their prepared ZnS particles 

against cancer cell MCF-7. 91
 

Acalypha indica and Tridax procumbens plant extracts were used as capping 

agents. The microscopic techniques revealed that ZnS nanoparticles have a 

diameter of 20 -50 nm and they have a spherical and hexagonal shape. The UV-

Visible spectrum showed a significant decrease in the band gap energy 2.69 eV 

when compared to the bulk ZnS 3.36 eV which indicated the formation of ZnS is 

at the nanoscale level. 

 The XRD pattern showed the as-prepared ZnS nanoparticles had a hexagonal 

crystal structure (wurtzite). According to the authors, the resulted ZnS 

nanoparticles have antibacterial properties, and these properties increase as the 

concentration of the extract increase. As well as, the antibacterial activity of ZnS 

NPs formed in the presence of plant extract is high concerning pure ZnS.
92

  

Zhang et al. (2022) described a simple and fast method for the preconcentration 

and determination of trace amounts of methylene blue (MB) from water samples, 

using zinc sulfide nanoparticles. Their finding showed that ZnS nanoparticles 

with a size range from 60 to 200 nm are able to depredate the dye under Xe 

illumination (the degradation rate was 99.76 % after two hours and a half of 

illumination. 
39  

 

 

1.8 Broccoli 
 

A winter vegetable, broccoli belongs to the Brassicaceae family, which is an 

annual herbaceous plant similar in morphology to cauliflower.  It is ranked 31
st
 

in the world in terms of production. It is grown for its inflorescences that are 

eaten in the flower bud stage. As shown in Figure 1.12, the vegetable, with its 
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thick, soft pods, are one of the richest crops in this family in terms of nutritional 

value and the most widely used in terms of nutritional therapeutic value. It 

contains many vitamins and minerals, and is rich in beta-carotene, its leaves are 

a source of polyphenols, fats, and fibers.
94

 
 

It also contains antioxidants that prevent the risk of cancer because they contain 

glucoraphanin, which enhances the body’s immunity against stomach cancer, 

and the compound carbinol-3-indole, which prevents breast and colonic cancer, 

and enhances liver function. 
95 

 

The plant-mediated composition of nanoparticles could be intra-cellular or 

extra-cellular. The intra-cellular method entails the composition of nanoparticles 

by growing the plant in metal-rich organic media, while the extra-cellular 

method involves employing plant extract obtained from heating and pulverizing 

the plant in question in a solvent or aqueous medium.
96

 

 

   

 

 

Figure 1.12 Chemical composition of broccoli 
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1.9 Water Pollution 

Large amounts of wastewater are generated by industrial activities that rely on 

commercial colorants, which are then discharged into rivers, landfills, and 

nearby water sources if not properly managed.
97,98

 Highly reactive and toxic 

dyes are concentrated in wastewater from these industrial processes, which 

subsequently act as major pollutants.
99

 

The discharge of dye-containing effluents into the water environment is 

undesirable due to their low biodegradability. Therefore, considerable studies 

have been devoted to developing efficient water remediation methods.
100

 To 

remove organic and inorganic contaminants from wastewater, various methods 

have been used such as chemical oxidation (chlorination and ozonization), 

adsorption, and air stripping methods.
101

 All these methods are used intensively 

to treat water pollution, however, they have some disadvantages. 

Chemical oxidation (chlorination and ozonation) as a decontamination method 

is unable to break down all organic substances and it is only cost-effective for 

removing pollutants in high concentrations. Chlorination produces disinfecting 

byproducts(DBPs)  like trihalomethanes, which have been identified as potential

 carcinogens and also cause secondary pollution
102

. 

The presence of nitrite and suspended solid particles reduces the efficiency of    

this process, necessitating large investments in filter systems. In terms 

of ozonation, it is extremely irritating and possibly toxic, so off-gases from the 

contactor must be destroyed to prevent worker exposure. 103 
 

Activated carbon has been reported to be used in adsorption techniques, which 

has shown considerable promise in usefully removing organic pollutants, but the 

regeneration procedure is also costly.  Since carbon is a non-selective adsorbent 

that adsorbs almost all natural organic matter present in water, the method's 

effectiveness is significantly reduced, resulting in the inability to accumulate 

pollutants. Other techniques, such as the air stripping method, which are used 
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for decontaminating water by extracting volatile organics. It has a high capacity 

for wastewater treatment. However, instead of being destroyed, the pollutants 

will transfer from water into the air, which is a disadvantage. This creates a new 

environmental problem: air pollution, which necessitates the use of air-cleaning 

techniques.  

Advanced oxidation processes (AOPs), which have been shown to be effective 

in the destruction of refractory pollutants, have emerged as leading alternatives 

to conventional water purification in the last decade (e.g. microorganisms, 

industrial toxins).
104

  A total of AOPs makes up a promising group. The ability 

to exploit the high reactivity of hydroxyl (OH) radicals in driving the oxidation 

process makes this wastewater treatment technology, particularly noteworthy.
 
 

1.10 dyes 

They are colored materials that can be linked in some way to the material to be 

dyed or painted to give it bright colors. This could protect from light rays, 

oxygen, and certain acids and bases, as well as during washing. It contains 

molecules that have groups that give it color, called chromophores. By fixation, 

they are called auxochromes, where these groups are classified according to the 

intensity of the color.105
 The dyes are also characterized by their ability to 

absorb light radiation in the visible spectrum from 380 to 750 nm. 

 

Dyes have been used in many fields such as textile industry, manufacture of 

plastic materials and building paints, cosmetics industry, food industry (food 

coloring) and printing (ink and paper). 
106 
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1.10.1 Methylene blue dye 

 

Methylene blue dye is also called tetramethylthionine chloride; aromatic 

chemicals are amongst the cationic dyes. As seen in Figure 1.13 that methylene 

blue has the chemical formula C16H18N3SCl, and it is a solid in the form of a 

dark green odorless powder,
107,108

 which gives a blue solution when dissolved in 

water.      

 

 
Figure 1.13 Structural formula of methylene blue 

  

 

1.10.1.1 Physical and chemical properties of methylene blue 

 

Methylene blue has the physical and chemical properties reported in Table 1.2 

109
  

Table 1.2 The physical and chemical properties 

Methylene blue Chemical name 

C16H18N3SCl Chemical formula 

Dimethylaminophenazathioniumchloride 

(3.7-bis tetramethylthionine chloride) 

Nomenclature according to (IUPAC) 

M = 319.85 g/mol molar mass 

100 -110°C melting point 
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1.10.1.2 Toxicity of methylene blue dye 
 

Continuous exposure to methylene dye causes various health problems, such as 

nausea, vomiting, and eye burns. In the case of inhalation, breathing becomes 

rapid or difficult, as well leading to an increase in heart rate. Ingestion will 

cause gastrointestinal irritation, profuse sweating, mental confusion, burning 

sensations, anemia and high blood pressure.
110,111

  

 

In nature, dyes release nitrates and phosphates which may become toxic in the 

lifecycles of fish in the water. Its consumption by aquatic plants accelerates its 

spread and leads to depletion of oxygen through the process of photosynthesis in 

the deepest layers of rivers and stagnant water, and the accumulation of matter 

also leads to the organic matter in waterways that gives rise to bad taste, the 

spread of bacteria, unpleasant odors, and unnatural colors. 

It is well known that industrial waste from textile and dyeing factories, among 

others, contains a large amount of dyes and active substances, as well as 

dissolved salts, which cause significant environmental damage in many 

countries. By conducting studies with a view to treating them and in order to 

remove dyes from these wastes before they drain into rivers, research has shown 

many biological treatment methods (aerobic and anaerobic treatments), as well 

as chemical methods (ion exchange, oxidation by oxygen and ozone), and 

physicochemical methods (membrane separation, coagulation, agglomeration 

and adsorption) can be used. 
112

  

 

1.10.1.3 Adsorption of methylene blue dye 
 

Methylene blue dye (tetra methylthionine chloride) is considered to be one of 

the most common dyes used in textile, rubbers, pesticides, varnishes and 

pharmaceuticals.
113
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However, this dye causes serious problems to the environment and living 

organisms.
114

 It is well known that about 10-15% of these dyes (from the 

various industries) are lost as waste in the water, causing major problems for 

living organisms.
115

 The interest in removing them increased after realizing that 

many of the raw materials used in the preparation of these dyes are 

carcinogenic.
116 117 

Therefore, it is preferable to remove these substances from 

the water before pushing them into the environment, not only for aesthetic 

reasons but also due to their toxicity and effects that many scientists in various 

disciplines are increasingly interested in identifying and removing such 

pollutants from the environment.                                               

Many adsorbents have been used for adsorbing methylene blue dye (MB) from 

water sources such as graphene activated Charcoal, and magnetic composite 

(which is formed from graphene oxide and magnetic chitosan).
118 

Activated carbon is an adsorbent that is used to remove different kinds of 

inorganic pollutants such as heavy and organic elements, various dyes, and 

phenols because of its high adsorption capacity. However, activated carbon has 

some limitation such as its high cost and reuse problems, as well as the 

difficulty of separating it from wastewater.
119

  

An alternative and low-cost semiconductor nanomaterials have been used for 

water purification.
120

   Due to their small-sized and optical properties, they are 

used either as photocatalysis or adsorbents. To the best of our knowledge, this 

new modification of the prepared zinc sulfide nanoparticles has never been 

utilized for the adsorption of dyes.  In this work, as-prepared zinc sulfide 

nanoparticles have been used to remove MB dye from aqueous solutions. 

1.11 Adsorption   

Adsorption is defined as the process of collecting particles dissolved in solution, 

which is called the adsorbate substance, on the surface of a solid or liquid 

substance, which is called the adsorbent surface. It is natural that the states of 
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matter that have specific surfaces in space are the liquid and solid states. 

Therefore, the areas of surface contact or interfaces that can lead to adsorption 

are solid-liquid, liquid-liquid, solid-gas, solid-solid, and liquid-gas. 

1.11.1 Types of adsorption 

 1.11.1.1 Physical Adsorption  

This type occurs when the adsorbate layer is bound to the adsorbent surface with 

certain forces. These forces are called physical forces or van der Waals forces. 

The attraction is not fixed to a specific site and the adsorbate is comparatively 

free to move on the surface. Physical adsorption is a relatively weak, reversible, 

form of adsorption that can allow for multilayer adsorption. 

  1.11.1.2 Chemical Adsorption  

Some degree of chemical bonding between adsorbate and adsorbent
121

 can be 

describe by strong attraction. Adsorbed molecules are not free to move on the 

surface. There is a high degree of specificity and typically only a monolayer is 

formed.
 
The process is seldom reversible. Figure 1.14 shows the differences 

between the two kinds of adsorption. 
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Figure 1.14 Differences between physical adsorption and chemical adsorption. 
122

  

1.11.2 Adsorption Mechanism  

The adsorption mechanism can be summarized according to the following 

steps.
123

  

1- Solute molecules approach the adsorbent surface. 

2- Solute molecules are bound to the adsorbent surface. 

3- Solute molecules leave the adsorbent surface sites and enter the pores on the 

adsorbent surface. 

4- The overlap of the solute molecules and their available sites on the internal 

surfaces are linked to the pores and capillary microchannels of the adsorbent’s 

solid surface. 

 

 



Chapter One                                                                                                  Introduction   

 

 
 

31 

1.11.3 Factors that affect the adsorption 

 

1-Initial concentration of adsorbate 

The adsorption process is affected by the initial concentration of the adsorbate, 

which is due to the exposure of a larger amount of molecules or the adsorbable 

ions to the active sites in the adsorbent surface at high concentrations, leading to 

increased adsorption speed.  

2-Nature of the Adsorbent  

Adsorption is affected by the nature of the adsorbent surface and the presence of 

polar groups on the surface, as well as by the surface area and the size of the 

pores and the increase in the number of effective sites on the surface. As the 

adsorption on the surface of the material increases The solid with a decrease in 

its particle size (increased surface area), and the adsorbent material that has 

narrow- open pores has greater strength and ability to adsorption, taking into 

account the size of the molecule adsorbate. The adsorbent material with narrow 

pores cannot adsorb particles of a size larger than the size of pores. Therefore, 

the increase in the surface area leads to an increase in the amount of adsorption 

to the absorbent surface due to the increase in the number of active sites on the 

surfaces that increase the adsorption capacity.
94

 

 

3-Effect of Solubility 

 

It is well known that as the solubility of solute increases, the extent of 

adsorption decreases. Factors that affect solubility include ionization (solubility 

is lower when compounds are uncharged), polarity (as polarity increases, one 

observes higher solubility because water is a polar solvent), and molecular size 

(higher molecular weight suggests lower solubility). 
95
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4- Effect of pH 

pH often affects the surface charge on the adsorbent as well as the charge on the 

solute. Generally, for organic materials, as pH decreases adsorption increases.
123, 

124
 

5- Effect of Temperature 

 

Adsorption reactions are typically exothermic. Therefore, as the temperature 

increases the extent of adsorption decreases.
124,125   

 

6- Effect of Ionic strength 

 

The ionic strength of electrolyte salts greatly affects the adsorption process 

through its effect on the solubility of the adsorbate material, and on the physical 

properties of the adsorbent surface. The solubility of the electrolyte salts used 

was higher than the solubility of the adsorbate in the solvent leads to an increase 

in the adsorption capacity. However, if the adsorbate is in an ionic form, the 

increase in the ionic strength leads to an increase in the solubility of the 

adsorbate
126

. Therefore, it can be expected that the adsorption capacity will 

decrease and, in some adsorption states, a competition occurs between the 

adsorbate and ionic salts for the active sites of the adsorbent surface; if the rate 

of adsorption of these salts is faster than the adsorbate, this leads to a reduction 

in adsorption capacity. 124
  

7- Effect of Equilibrium Time 

The time during which equilibrium occurs between the adsorbate and the 

adsorbent, or it is the time during which there is no decrease in the concentration 

of the solution. This time may range from hours to days, or even to weeks. 125
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Aims of Study  

 

1. This study aims to synthesize semiconductor nanoparticles (ZnS) using 

the chemical precipitation method and green method. In the chemical 

precipitation methods, the nanostructures are produced through three 

stages chemical reaction followed by nucleation and growth of particles. 

The resulted particles may agglomerate during the formation process, 

which possibly leads to producing broad size distribution. 

2. One of the key objectives of this project is to demonstrate a green 

synthesis technique to see whether this allows access to smaller and 

uniformed ZnS particles than observed previously with the chemical 

precipitation technique. This study thereby involves the addition of a 

suitable amount of broccoli flower extract to the precursor’s solution, 

which, will hopefully reduce the agglomeration of atoms and form small 

ZnS nanoparticles. 

3. Another target is to exploit these ZnS particles to remove the methylene 

blue dye from the wastewater. 

4.  Related to this, we to investigat the influence of the as-prepared particles 

on the dye adsorption. This can be achieve by comparing the adsorption 

rate of methylene blue dye using ZnS particles formed in the presence of 

broccoli extract with that recorded in the absence of broccoli extract.
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2.1 Introduction 
 

        This chapter will focus on the materials and will describe the key items of 

equipment that were employed in this project for fabrication and characterizing 

zinc sulfide nano-sized structures.  We will also explain the preparation method of 

ZnS nanoparticles using chemical precipitation method and green synthesis. 

 

 

2.2 Chemical Materials 

 

      In this work, deionized water was used as a reaction medium. Broccoli 

plants were purchased from local market in Kerbala. Other chemical materials 

that were used in this work are represented in Table 2.1. 

 

 
Table 2.1 Chemical materials and their formula 

Company supplied     purity % Chemical materials NO. 

Sigma Aldrich 90 Methylene blue    1 

J. K. Baker, Netherlands (36.5-38.0) Hydrochloric acid (HCl). 2 

 

Thomas Baker 99 Sodium sulfide (Na2S.x H2O) 3 

Panareac, Spain 99 Sodium hydroxide (NaOH). 

 

4 

Thomas Baker 99 Zinc sulfate hepta-hydrate 

(ZnSO4.7H2O).                 

 

   5 
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2.3 Instruments used 

 
A variety of instruments were used to form zinc sulfide nanoparticles, which are 

shown in Table 2.2. 

 

Table 2.2 Instrumentation and manufacturers 

 

 

Work Place Company Instrument No. 

University of Kerbala Labtech , Korrea Oven Memort. L OD- 080+ N 1 

University of Kerbala GFL (D-3006)-Germany. Themo stated Shaker 2 

University of Kerbala Universall, Germany. Centrifuge-Hettich 3 

University of Kerbala Heido-MrHei-Standard, 

Germany 

Hot plate Stirrer 4 

 Iran Zeiss  Model 

SIGMA VP 

Transmission electron 

microscopy (TEM) 

5 

Iran X pert pro-PANalytical X-Ray Diffraction 

Spectrophotometer(XRD) 

6 

University of Kerbala Korrea.PHOENIK PH meter 7 

Iran SIGMA VP Field Emission-Scanning 

Electron Microscopy            

(FE-SEM)                

8 

University of Kerbala           Shimadzu-Japan UV-Vis spectrophotometer 

Double Beam-1800 

9 

University of Kerbala Germany Denver Electric Sensitive, 

Balance.TP-214 

11 

University of Kerbala IRAffinity-1S instrument 

Shimadzu, Jaban 

Fourier transform 

infrared(FT-IR) 

12 

University of Kerbala Chine Blender 13 
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2.4 Samples preparation  
 

2.4.1 Preparation of sodium sulfide solution 

0.01M of Na2S solution was prepared by dissolving 0.07804 g of in 100 mL of 

deionized water as shown in Figure 2.1. The prepared solution was stirred for half 

an hour before storing it in a dry place for further use.                                                 

  

Figure 2.1 Images for Na2S flakes (a) and the colorless Na2S solution (b). 

 

 

 

 

(a) (b) 
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2.4.2 Preparation of ZnSO4 solution 

0.01M of ZnSO4 solution was prepared by dissolving 0.2875 g of zinc sulfate 

hepta-hydrate (ZnSO4.7H2O) in 100 mL of deionized water as shown in Figure 

2.2. The prepared solution was stirred for 30 min before stirring in a dry place.                 

       

       

Figure 2.2 Images showing ZnSO4 powder (a) and the colorless ZnSO4 solution (b). 

 

2.4.3 Preparing broccoli extract 

The fresh broccoli flowers were collected and washed with tap water and then with 

deionized water to get rid of the dust. The flowers were dried in the shade for five 

days. The broccoli flowers were ground into a fine powder using a mill (see Figure 

2.3).                    
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To prepare the broccoli extract, 10 g of the broccoli powder was dissolved in 100 

mL of deionized water. The solution was then heated for 10 min at 50 °C with 

stirring. Thereafter, filtration was achieved using filter paper No. 1, and the filtride 

was kept in fridge before using to synthesis ZnS nanoparticles.                                                                                                                

 

 

Figure 2.3 Illustration showing the method for preparing broccoli extract. 

 

2.4.4 Preparation of methylene blue (MB) dye 

Standard solution of methylene blue dye (10 ppm) was prepared by dissolving 

(0.005 g) of the dye in 500 mL de-ionized water.  

2.4.5 Preparation 0.1 M of NaOH 

To prepare sodium hydroxide solution, 0.4 g of NaOH flakes was dissolved in   

100 mL of deionized water with a continuous stirring for approximately 15 min 

     at 25  
o
C. 
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2.4.6 Preparation 0.1 M of HCl 
 

0.85 mL of hydrochloric acid was added into a cleaned and dried 100 mL 

volumetric flask and the size was completed to 100 mL deionized water.  

 

2.5 Chemical Precipitation Method  

2.5.1 Synthesis of ZnS nanoparticles 

         An appropriate amount of zinc sulfate heptahydrate (ZnSO4.7H2O) (0.01 M) 

was dissolved in 100 ml of deionized water with a continuous stirring for 

approximately half an hour. To this solution, 0.01 M of sodium sulfide was added 

slowly and the solution was then left on a magnetic stirrer for a while at 25 
o
C. A 

cloudy white solution was obtained after 1 hour, which indicated the formation of 

zinc sulfide nanoparticles
127

. This solution will be a subject for studying the optical 

properties of ZnS NPs. Figure 2.4 shows a summary for the formation process of 

ZnS NPs. 

In order to obtain ZnS NPs powder, the solution was centrifuged for 25 min at 

4000 rpm, and the precipitate was then washed twice with deionized water to get 

rid of any unwanted materials. Finally, the precipitate was dried at 100 
o
C and kept 

in clean container for further uses.  

 

 

 

 

 

 

 

 



 Chapter Tow                                                                                                      Experimental Part 

 
 

41 

 

 

Figure 2.4 Diagram showing the formation process of ZnS nanoparticle. 
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2.5.2 The influence of pH on the formation process of ZnS NPs  

The effect of pH on the formation process of zinc sulfide nanoparticles was 

studied to determine the best conditions to form ZnS NPs. After mixing ZnSO4 and 

Na2S solutions, the pH of the solution was adjusted by adding suitable amounts of 

either (0.1 M) HCl or (0.1 M) NaOH to make the solution pH in the range of 3–11.  

2.5.3 The effect of temperature on the ZnS NPS 

In this work, the effect of temperature on the growth process of ZnS 

nanoparticles was investigated too. After mixing ZnSO4 (0.01 M) solution and 

Na2S (0.01 M) solution, 25 mL of which was put into three different conical flasks. 

These flasks were then stirred for 60 min. One of the flasks was heated to 25 
o
C, 

another to 50 
o
C, the third one was heated to 70 

o
C. 

2.5.4 Adsorption process for methylene blue dye 

 

2.5.4.1 The effect of contact time on the adsorption 

 

The adsorption behavior of zinc sulfide nanoparticles for methylene blue dye was 

investigated. 0.3 g of as-prepared ZnS particles was added into 20 mL of 

methylene blue solution (the initial concentration Co was 5 ppm) under continuous 

stirring for different times at 25 
o
C. 

 

2.5.4.2 The effect of zinc sulfide nanoparticles weight on the adsorption 

Several solutions were synthesized by adding different amounts of zinc sulfide (0. 

1, 0.2, 0.3, 0.4 and 0. 5 g) to 20 mL of methylene blue dye (5ppm), UV-Visible 

spectra were then recorded after filtration. 
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2.5.4.3 The effect of temperature on the adsorption process 

To determine the temperature required for adsorption, different samples were 

prepared by mixing 20 mL of MB solution (5ppm) with 0.3 g of the prepared zinc 

sulfide particles at (25, 30, 40, and 50 
o
C). These samples were stirred for 15 min 

at a speed of 1 40 tr/min then filtered. The absorbance of the supernatants was then 

recorded by UV-Vis spectrophotometer. 

2.5.4.4 pH influences on the adsorption 

Several samples were prepared by mixing 20 mL of MB solution (5ppm) with 0.3 

g of zinc sulfide particles at different pH values (4, 7, and 10). These samples were 

shaking for 15 min at 140 tr/min then filtered. The absorbance of the supernatants 

was then recorded by UV-Vis spectrophotometer. 

 

2.6 Green synthesis approach 
 

2.6.1 The bio-fabrication of zinc sulfide (B:ZnS) nanoparticles  

To prepare ZnS particles using green synthesis, different amount of broccoli 

extract ( 6,10,20,40) ml was added to the zinc sulfate heptahydrate and stirred for a 

few minutes as seen in Figure 2.5. Sodium sulfide solution was then added slowly 

to the mixture and stirred for one hour.  A cloudy white solution was obtained 

which indicated the formation of ZnS nanoparticles. Finally, the precipitate (zinc 

sulfide particles) was washed several times with deionized water and dried to    

100 
o
C.       
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Figure 2.5 Broccoli extract with zinc sulfate heptahydrate solution. 

 

  

2.6.2 The influence of the concentration of broccoli extract on the ZnS 

nanoparticles absorption                                                                     

The effect of broccoli flower extract concentration on the ZnS nanoparticles 

formation was studied by changing the amount of the extract (6 mL, 10 mL, 20 mL 

and 40 mL). The reaction was carried out at room tempter for 60 min stirring.                                                                                                                         

2.6.3 The influence of pH on the formation of B:ZnS nanoparticles 

PH of the solution was adjusted by adding either 0.1 M of NaOH or 0.1 M of HCl, 

to make the solutions pH: 3, 5, 7, 9, 11, and 12. Thereafter, the absorbance of these 

solutions was measured at room temperature 
o
C after 60 min of mixing using a 

UV- Vis spectrophotometer.                                                                                                                                            
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2.6.4 Preparation of B:ZnS:MB solutions 

 The absorption behavior of zinc sulfide nanoparticles for methylene blue dye was 

investigated. 0.3 g of B:ZnS particles were added into 20 mL of methylene blue 

solution (the initial concentration Co was 5 ppm) under continuous stirring for 

different times at room temperature. 

2.6.4.1 Effect of contact time on the adsorption 

To study the ability of B:ZnS nanoparticles, which were formed in the presence of 

broccoli extract, as an adsorbent, 20 mL of MB solution (5 ppm) was mixed with 

different time of bio-fabrication zinc sulfide particles at 30 
o
C. This sample was 

shaken for different periods (5-60 minutes) at a speed of 140 tr/min before being 

filtered. The absorbance of the supernatants was then measured using an UV-Vis 

spectrophotometer. 

2.6.4.2 Effect of Adsorbent dosage on the Adsorption 

The effect of zinc sulfide nanoparticles weight on the adsorption process was 

studied. Different quantities of B:ZnS particles (0.1, 0.2, 0.3, 0.4, and 0.5 g) were 

mixed with 20 mL of MB dye solution (5 ppm) and then the spectra of the 

supernatants were recorded after centrifuging.  

2.6.4.3 The effect of pH on the removal of MB dye 

The effect of pH on dye removal was studied. pH was varied from (4,7,10) by 

adding either 0.1 M of HCL or 0.1 M NaOH to the solution contains 0.3 g of 

B:ZnS and 20 mL MB. 

 

2.7  Calibration curve for of MB dye solutions 
 

 Six solutions of methylene blue dye were prepared with different concentrations 

(1, 2, 3, 5, and 10 ppm) as shown in Figure 2.6. To determine the best 

concentration of the dye, calibration curve was plotted (see Figure 2.7). 
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Figure 2.6 A series of different colored methylene blue solutions at different concentrations. 

 

  

 

Figure 2.7 The calibration curve of methylene blue dye. 
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Table 2.3Showing the absorbance corresponding concentration. 

 

 

 

 

 

 

 

 

2.8 Characterization of ZnS nanoparticles 

 
      In this work, the formation of zinc sulfide was confirmed through different 

techniques. UV-Vis spectrometer was utilized to study the optical properties of as-

prepared ZnS nanoparticles. FT-IR spectrophotometer was used to confirm the 

formation of ZnS particles and to identify the functional groups that are possibly 

present on the ZnS particle surface. The particles shape and size were 

characterized by FE-SEM and Transmission Electron Microscopy TEM. ImageJ 

software program was used to calculate the particles size.
128

  

The presence of zinc and sulfur elements in ZnS particles was confirmed using 

Energy Dispersive X-ray spectroscopy. The crystalline structure and the crystallite 

size were determined from XRD technique. 

 

2.8.1 UV-Visible spectrophotometry 

 

     To ascertain that ZnS nanoparticles have formed successfully and to study their 

adsorption effect, UV-Visible spectrometry was used. All spectra measurements 

were recorded using a scanning UV-1800 spectrophotometer (Shimadzu, Japan),  

This is shown in Figure 2.8. Quartz cuvettes with a path length of 1 cm were 

used.  UV-visible spectroscopy depends on the transmission of visible light or 

ultraviolet rays through the sample to determine the presence of the light-

absorbing substance inside the sample. The process of photon absorption within 

concentration Absorbance 

1 0.205 

2 0.509 

3 0.725 

5 1.278 

10 2.035 
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the wavelength range (200 nm to 800 nm) usually leads to the occurrence of 

transition electrons within the absorbing molecule.  

 

 

 
 

Figure 2.8 Image shows UV-Visible spectrophotometry 
 

 

 

 

 

2.8.2 Fourier Transform Infrared Analysis (FTIR) 

      Fourier transform infrared spectroscopy (FTIR) was used to identifying the 

chemical composition of materials and the most important functional groups that 

are possibly exist on the ZnS particles. The FT-IR spectra were recorded in the 

range 400 to 4000 cm
-1 

using IRAffinity-1S instrument (Shimadzu, Jaban), see 

Figure 2.9. Voltage of 220 to 240 V was applied. The most interesting point about 

this type of FTIR spectroscopy is a very small solid sample that is required; and 

the sample will be placed on zinc selaned lens instead of mixing with KBr in 

conventional FTIR spectroscopy.  
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Figure 2.9 Image shows Fourier Transform Infrared (FTIR) spectrophotometer. 

 

2.8.3 Field Emission Scanning Electron Microscopes (FE-SEM) 

 

 

      To study the structural properties of zinc sulfide nanoparticles, microscopic 

techniques were employed. FE-SEM (see Figure 2.10) is an advanced microscope 

that gives information about the surface morphology and has the ability to observe 

very fine features. It has a wide range of magnification (10 - 500,000 times) 

compared to the magnification of the better optical microscope.
129

                         

FE-SEM produces high resolution images and less electrostatic distortion.                                                                            

It can be used to image different samples, for example, inorganic samples such as 

ceramics, metals, and composite materials, and organic samples such as cells, 

membranes, enzymes, and polymers.130  

In FE-SEM, images are produced by scanning the sample surface with a focused 

electronic beam. The interaction of electrons with the sample atoms leads to 

producing signals that carry information about the surface topography.                                                                                                                    
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Figure 2.10 Image shows Field-Emission Scanning Electron Microscopy. 

 

 

 2.8.4 Transmission Electron Microscopy (TEM) 

 

Transmission electron microscopy (TEM) is an invaluable tool for investigation of 

nano-sized materials (see Figure 2.11). It offers useful information about their 

shape, size and crystal structure.  The best resolution can be achieved by TEM is ~ 

1Å which is higher than that of other types of electronic microscopes. TEM can be 

used with wide range of materials even with the biological-samples.
131

  

 TEM is considered as an expensive tool as it works under high vacuum to prevent 

or reduce the scattering of elections by background gasses which are possibly 

present inside it. Furthermore, the preparation of sample is complicated because 

the sample must be very thin to allow the electron beam to pass through it. The 

sample should also be conductive to avoid charging, meaning the non-conductive 

sample must be covered with a metallic layer such as layer of gold. 

In the TEM technique, a beam of electrons, which is usually formed by the 

thermionic emission, pass through a very thin sample and interacts with it. Images 

produce as a result of the interaction of electrons with the sample.
132
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Figure 2.11 Image showing the (TEM) Microscopy 

     

   2.8.5 Energy Dispersive X-rays spectroscopy (EDX)      

  Electron microscopies (TEM and SEM) are sometimes X-rays equipped with 

small device called energy dispersive X-rays spectroscopy (see Figure 2.12). EDX 

is an analytical technique used to analyze elements to know the chemical 

properties of samples, and it is one of the types of X-rays spectroscopy. This 

method is based on the interaction of a sample with an X-rays excitation source. 

The principle behind this method is that each element has an atomic structure that 

allows for a different set of peaks in the X-rays emission spectrum. In the EDX 

analysis method, the electron beam hits the sample, excites an electron, and the 

electron explodes creating an electron hole in the electronic structure of element.                                                                                                      
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Figure 2.12 Image shows Energy dispersive X-rays device. 

 

2.8.6 X-rays Diffraction (XRD) 

     XRD is a non-destructive analytical technique that provides information about 

the crystal structure, chemical composition, and physical properties of materials 

and thin layers of crystalline materials. These techniques rely on observing the 

scattering of X-rays (when they are falling on the sample) as a function of the 

angle of the incidence beam. The crystalline structure of our particles was 

determined using the XRD instrument (X pert pro-PANalytical company).                                                                                                                           

 

EDX system 
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Figure 2.13 Scheme showing the basic principle for( XRD) technique. 

 

Figure 2.13 shows the basic principle of XRD device. When high-speed electrons 

hit a target surface, an x-ray will produce. This ray will interact with the electrons 

of the atoms which are present in the crystal. The atomic planes allow a part of the 

ray to pass while the other part will reflect. The incident angle (θ) is similar to the 

reflected angle which is known Bragg angle as shown in Figure 2.14.
133

 Bragg’s 

law based on the fact that the difference in the path between two rays is equal to 

multiples of the wavelength.  

nλ = 2 d sin θ…….. (2.1) 

Whereas: 

 θ: Bragg angle in degree. 

λ: the wavelength of X-ray (CuKα1) (λ=0.154) 

n: an integer called the order of reflection (n=1, 2, 3) 

d: the distance between the set of levels. 
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The X-ray diffraction pattern is considered as a thumbprint to diagnose the 

substance by comparing the chart of the sample with the standard global 

information bases such as the Center International Data Diffraction (ICDD).  

 

Figure 2.14 Illustration showing Bragg’s law 
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3.1 Introduction  

        In this chapter, the optical and structural properties of ZnS NPs before and 

after the addition of broccoli extract will be explained, the findings will be then 

compared to see whether the extract has an influence on the ZnS particles 

properties. The adsorption effect of ZnS nanoparticles for methylene blue dye will 

study too.                                                                                                                               

3.2 properties of ZnS NPs result from chemical precipitation 

method 

 

3.2.1 Optical properties of ZnS nanoparticles  

3.2.1.1 The effect of precursor’s concentration on the absorption process of 

ZnS nanoparticles. 

 

        In order to establish the best condition to prepare ZnS nanoparticles, different 

concentrations of precursors were selected (0.1 M, 0.01M and 0.001 M). Figure 

3.1 shows that by mixing 0.001 M of sodium sulfide with 0.001 M of zinc sulfate, 

a weak absorption peak at 298 nm was observed and the peak intensity is low. At 

higher concentration of 0.1 M of starting materials, abroad peak at 420 nm was 

observed. The best peak was noticed when the concentration was 0.01M, at this 

concentration the absorption peak was found to be ~ 296 nm. This blue shift 

(compared to the bulk ZnS 340 nm) could be attributed to the quantum 

confinement.134 
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Figure 3.1 UV-Vis spectra of zinc sulfide nanoparticles as a function of the concentration of the 

starting materials sodium sulfide and zinc sulfate. The reaction time was 1 hour. 

  

3.2.1.2 The effect of reaction time on the absorption of zinc sulfide 

nanoparticles  

       The effect of the reaction time on the absorption band of ZnS nanostructures 

was investigated. After the addition of 0.01 M of sodium sulfide to 0.01 M of zinc 

sulfate, the solution was stirred for different times (0, 1, 2 and 3 hours) at room 

temperature. It is clear from Figure 3.2 that after stirring for 3 hours, absorption 

band becomes broad and shift towards longer wavelengths compared with bulk 

ZnS. This could be due to the agglomeration process of ZnS nanoparticles. An 

intense absorption peak at 295 nm was observed when the solution mixed for one 

hour at room temperature at pH =5.                                                                                    
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Figure 3.2 The optical absorption spectrum of ZnS nanoparticles at different reaction time, the 

concentration of the precursors was (0.01 M) at pH =5. 

 

3.2.1.3 The effect of pH on the ZnS formation 

 The effect of pH on the formation process of ZnS particles was studied. 

Different pH values were chosen (3, 5, 7, 9 and 11) by adding 0.1 M of HCl and 

0.1 M of NaOH. It seems from Figure 3.3 that the intensity of the peaks increases 

at higher pH values. However, at a pH of 11, the intensity of the ZnS peak starts to 

decrease and becomes lesser at pH= 9. This could be because of the formation of 

zinc hydroxide due to increasing hydroxide ions in the solution, which leads to 

reduced Zn
2+

 ions.
135

  One of the key aims of this project is to explore the 

adsorption of methylene blue dye on the ZnS particle’s surface, therefore, 

producing small ZnS nanoparticles is our goal.  In this work, from here onwards 

the pH solution was adjusted on 5. 
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Figure 3.3 The effect of pH on the absorption spectra of as-prepared ZnS nanoparticles, the 

concentration of the precursors was 0.01 M and the reaction time was 1 hour. 

 

3.2.1.4 The effect of temperature on the ZnS formation 

It is clear from Figure 3.4 that the absorption band of ZnS NPs depends 

strongly on the reaction temperature. At room temperature (25 
o
C), the absorption 

peak was measured to be ~ 295 nm, which is in a blue shift from that of bulk ZnS 

(340 nm), 127
 and the peak intensity is high compared with that of 50 

o
C. Therefore, 

the best temperature to prepare ZnS nanoparticles is 25 
o
C.  
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Figure 3.4 The effect of temperature on the absorption spectra of as-prepared ZnS nanoparticles, 

the concentration of the precursors was 0.01 M and the reaction time was 1 hour. 

3.2.1.5 Absorption spectrum and band gap for ZnS nanoparticles 

      After establishing the favorable conditions to study the optical properties of 

ZnS particles, the band gap was estimated from the absorption edge of as-

prepared ZnS nanoparticles. UV-Vis absorption spectrum, which is recorded in 

the range of 250 – 800 nm, shows an absorption peak of ZnS at lower 

wavelengths ~296 nm compared to the absorption peak of bulk ZnS at 340 

nm.136
  

The Band gap energy of ZnS nanoparticles can be calculated using tauc 

relationship.
137

  The extrapolation of the liner portion of the UV-Vis spectrum 

against the photon energy (hv) gives a band gap energy value of 3.8 eV for the 

ZnS nanoparticles (see Figure 3.5), which is higher than that of bulk ZnS (Eg = 

3.6 eV).
 138,139 
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αhv = C (hv - Eg)
n
   ……………………(3.1) 

 

Where (n) is the direct electronic transition which is equal to 0.5.
140

 (α) is the 

absorption coefficient, h is the Plank’s constant and v is the frequency of light. (Eg) 

is the band gap energy and C is the constant.                                              

 

 

 

Figure 3.5 Band gap energy of ZnS particles calculated from the Tuac equation. The 

extrapolation gives Eg of 3.8 eV. The inset shows the absorption spectrum of ZnS nanoparticles 

at 25 
o
C and after one hour starring. 
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3.2.2 Structural properties 

3.2. 2.1 Field Emission Scanning Electron Microscopy  

The surface morphology of the prepared ZnS nanoparticles was examined using 

Field Emission Scanning Electron Microscopy. It is clear from FE-SEM image 

(Figure 3.6(a)) that the particles have a spherical shape and the size of these 

spherical nanoparticles is identified to be ~ 8 nm to 10 nm.  

 

Figure 3.6 FE-SEM images of ZnS nanoparticles, the scale bar of image (a) is 200 nm. EDX 

graph of ZnS nanoparticles formed from chemical precipitation method (b). 

 

 

  The elemental analysis of our sample was identified using Energy Dispersive 

X-rays spectroscopy. As it seen from Figure 3.6(b) that the most abundant 

elements are Zn and S, this result confirms the formation of pure ZnS particles. 

The presence of gold element peak in the graph is attributed to the coverage 

process of ZnS particles with gold metal (to produce conducting sample) before 

measuring the FE-SEM. Finally, the appearance of carbon element is referred to 

the latex of the sample holder of FE-SEM as a result of incomplete coating of the 

sample.
141

 

(b) 
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3.2.2.2 Transmission Electron Microscopy 

To study the shape and size of ZnS nanoparticles transmission electron 

microscopy was used. It is clear from TEM images in Figure 3.7 that the majority 

of ZnS nanoparticles have spherical shape and some of them clustered together. 

The size of these particles was analyzed using imageJ software
141

 and it was found 

to be around 10 nm in average.  

 

 

 

Figure 3.7 TEM images of ZnS nanoparticles formed using chemical deposition method. The 

scale bar of image (a) is 50 nm and image (b) is 100 nm. 

 

3.2.2.3 Crystalline structure of ZnS nanoparticles 

It is obvious from Figure 3.8 that our prepared ZnS particles have a crystalline 

structure. XRD pattern revels three diffraction peaks at 29.2
o
, 49

o
 and 56

o
 which 

related to 111, 220 and 311 planes, respectively, suggesting the formation of cubic 

structure. This finding is in good agreement with the results obtained in recent 

experiments.
127 The peaks indicating a cubic structure for the synthesized 

nanocrystals because of the low-temperature process, the hexagonal ZnS is 
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relatively difficult to prepare. The cubic ZnS is stable at room temperature, while 

the hexagonal ZnS is formed at high temperatures. No other peaks were noticed in 

Figure 3.8 confirming the purity of our ZnS nanocrystals.  The crystallite size of 

ZnS was calculated from Scherre equation
142

 and it was found to be ~ 1.5 nm. 

 

 

  
  

       
    ……………..(3.2) 

 

Where D is the average crystallite size, k is the constant crystal lattice (0.94), λ 

= 0.154 nm which is the wavelength the incident X-rays beam, β is the full 

width at half maximum in radians and  θ is the Bragg’s angle in radians. 

 
 

 

Figure 3.8 XRD pattern of ZnS nanoparticles. 

 

Table 3.1 shows the crystallite size and the distance between lattice planes. Direct 

evidence for the formation of ZnS at the nano-scale level has been presented by 

studying the crystalline structures of ZnS due to the appearance of wide peaks 

which indicates the formation of small size ZnS crystallites.
143
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Table 3.1 Crystallite size and theta position for ZnS particles. 

 

2θ 

deg. 
FWHM 

Crystallite size 

D(nm) 

 

        Average 

        D(nm) 
 

d-spacing  

[Å] 

29.2 4.9 1.675382978 1.471931622 3.05986 

49 6 1.455059914  1.85667 

56 7 1.285351973  1.63008 

 

3.2.2.4 Fourier transformation infrared spectrum (FTIR) for ZnS particles 

 

Figure 3.9 shows a broad absorption band centered at   3450 cm
−1

 can be attributed 

to O-H stretching mode of H2O which could be adsorbed on the surface of zinc 

sulfide particles. Peaks that appear at region 612 and 657 are assigned to the Zn-S 

bond confirming the formation of ZnS particles. 
144

 The sharp peaks centered at 

1058 cm
−1

 may be attributed to S-O stretching. The peak 1629.55 cm
-1

 could be 

assigned to H-O-H bending.                                                                                                          

 

Figure 3.9 FTIR spectrum of ZnS nanoparticles. 
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3. 3 Adsorption behavior of ZnS nanoparticles resulted from chemical 

precipitating method 

3.3.1 Effect of the contact time on the adsorption 

To determine the time required for the dye to be adsorbed, different samples 

were prepared by mixing 20 ml of MB solution (5ppm) with 0.3 g of our prepared 

zinc sulfide particles at 25 
o
C. These samples were shaking for different periods of 

time (5-60 minutes) at a speed of 140 tr/min then filtered. The absorbance of the 

supernatants was then recorded by UV-Visible spectrophotometer. It is clear from 

Figure 3.10 that the peaks intensity of MB dye decreases as the contact time 

increase, which confirms the adsorption of the dye on the surface of ZnS 

nanoparticles. 

 

 

 
 

Figure 3.10 UV-Vis spectra of zinc sulfide nanoparticles with MB dye as a function of the 

contact time. 
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3.3.2 Effect of adsorbent weight on adsorption process 

 

The effect of ZnS nanoparticles weight on the adsorption process of MB dye 

was investigated. Figure 3.11 show that when the amount of ZnS particles 

increases the adsorption of the dye on their surfaces increases too.     Percentage of 

dye removal (%DR) was obtained using the following equation 3.3:  

 

 

              
       

  
                             

Where Ci is the initial concentration of MB dye (mg/ L), and Ce is the equilibrium 

concentration of MB dye after adsorption (mg/L).
 145, 146

 The best removal ratio 

was found to be 80% at pH = 4. 

 

  

 

 

Figure 3.11 UV-Vis spectra of zinc sulfide nanoparticles with MB dye as a function of the 

amount of ZnS particles. The absorption band of MB dye is 666 nm. 
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Table 3.2 Displays the percentage of removal versus change in amount ZnS NPs. 

No.    ZnS Abs. Ce DR% 

1    0.1 g 0.545 2.514 49.72 

2    0.2 g 0.566 2.611 47.79 

3    0.3 g 0.461 2.126 57.47 

4    0.4 g 0.407 1.877 62.45 

5    0.5 g 0.331 1.527 69.46 

 

 3.3.3 Effect of temperature on the adsorption process 

 

To study the effect of temperature on degradation efficiency of MB on the surface 

of ZnS nanoparticles, the ZnS:MB solutions were heated to 25, 30, 40, and 50 
o
C. 

According to the Figure 3.12, the peaks intensity decreases as the temperature 

increases and the optimal temperature for dye degradation was found to be 50 
o
C. 

take 0.3 g from zinc sulfide. 

400 500 600 700 800

0.0

0.5

1.0

Wavelength(nm)

 ZnS+M.B    25 C

 ZnS+M.B  30 C

 ZnS+M.B   40 C

 ZnS+M.B   50 C

 M.B (5ppm)

A
b
s
o
rb

a
n
c
e
 (

a
.u

.)

Figure 3.12 The effect of temperature on the adsorption behavior of zinc sulfide nanoparticles 

for MB dye. 
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Table 3.3 Displays the percentage of removal versus change in temperature. 

No. TMP. Abs. Ce DR% 

1 25
 o
C 0.461 2.126 57. 47 

2 30
 o
C 0.508 2.343 53.14 

3 40
 o
C 0.427 1.970 60.61 

4 50
 o
C 0.37 1. 707 65. 87 

 

3.3.1 Effect of pH on the adsorption process 

 

Due to the high surface area of as-synthesized ZnS nanoparticles, they consider as 

an excellent candidate to remove the wastewater from aqueous solutions. Thereby, 

pH solution is expected to influence the adsorption of MB dye. It seems from 

Figure 3.13 that the intensity of the MB dye peaks increase at pH 7. 

 

 

 

Figure 3.13 The effect of pH on the adsorption.  
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Table 3.4 Displays the percentage of removal versus change in (PH) for ZnS. 

No. pH Abs. Ce DR% 

1 4 0.217 1.001 79.98 

2 7 0.221 1.019 79.61 

3 10 0.333 1.536 69.28 

 

 

3.4 ZnS nanoparticles properties formed from green synthesis 

approach  

3.4.1 The optical properties of B:ZnS 

3.4.1.1 The influence of extract amount on the optical absorption of B:ZnS 

The appearance of white color after mixing starting materials with broccoli flowers 

extract is an indicator for the formation of biosynthesis ZnS particles (B:ZnS). 

Another evidence for the formation of ZnS particles has been provided by studying 

their optical properties.  

Different amounts of broccoli extract (6 mL, 10 mL, 20 mL, and 40 mL) were 

chosen to identify the optimal conditions for producing small nanoparticles with a 

high surface-to-area ratio, while the amount of the other two precursors were kept 

the same (100 mL). Figure 3.14 shows that the absorption peaks depend strongly 

on the extract concentration. At a lower concentration (6 mL) no obvious peak was 

observed. When 10 mL of the broccoli extract was added to the solution,                  

a significant absorption peak was seen at 275 nm which is in blue shift with 

respect to the bulk ZnS (340 nm), which could be probably due to the quantum 

confinement phenomena.
147

 At high concentrations (i.e. 20 mL and 40 mL) 

significant shifts towards the low energies were noted. 
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Figure 3.14 UV-Vis spectra of zinc sulfide nanoparticles formed in the presence of broccoli 

extract as a function of the extract concentrations after one hour of starring. 

3.4.1.2 The effect of pH on the B:ZnS  nanoparticles formation 

 

After establishing the best extract concentration that should be used in the 

formation process of ZnS nanoparticles, the influence of pH on the production of 

ZnS particles was investigated. By adding 0.1 M of HCl and 0.1 M of NaOH, 

several pH values (3, 5, 7, 9, 11, and 12) were selected. As shown in Figure 3.15 a 

shift in the absorption edge (λ = 275 nm) towards the high-energy region was 

observed at pH 5. The peak positions shift towards the high wavelengths (377 nm) 

as the solution becomes basicity, which is higher than the absorption edge of bulk 

ZnS (340 nm). 
147,148

 Furthermore, at pH 12, the absorption peak declines and 

becomes less than at a pH 11. This might be attributed to the formation of zinc 

hydroxide in the solution, resulting in a decrease in Zn
+2

 ions, which consequently 

reduces the yield of ZnS particles. 
135

 

6 mL 
10 mL 
20 mL 

40 mL 
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Figure 3.15 The optical absorption spectra of B:ZnS nanoparticles at different pH values. 

                                                                                                  

3.4.1.3 Band gap energy for B:ZnS nanoparticles 

 

Tauc plot was used to estimate the band gap energy from the UV-Vis spectrum 

that was recorded when 10 ml of the extract was added (absorption edge of 275 

nm) to zinc sulfate solution. The band gap energy (see Figure 3.16), which was 

calculated from the extrapolation of the linear curve with the x-axis, shifts towards 

the lower energy (3.9 eV) compared to that one of bulk ZnS (3.6 eV) due to the 

confinement of elections at nanoscale.                                                                                                                                   
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Figure 3.16 The band gap energy was estimated from the UV-Vis spectrum that was recorded 

when 10 mL of the extract was added (the absorption edge is ~ 275 nm). 

 

The important thing here is that the prepared zinc sulfide particles formed with 

the presence of broccoli extract have band gap energy higher than that of ZnS 

particles formed in the absence of extract (Eg = 3.8 eV, λ = 295 nm). This wide 

band gap may offer a number of uses such as allowing devices to operate at much 

higher temperatures (~300 
o
C) and high voltages. The high-temperature tolerance 

also means that these devices can operate at higher power levels under normal 

conditions.                                                                                                                  
 

3.4.2 Structural properties of (B:ZnS) nanoparticles 

3.4.2.1 X-rays Diffraction of B:ZnS 

Figure 3.17 shows the XRD pattern for B:ZnS nanocrystal.  A clear 

evidence for the formation of crystalline zinc sulfide nanoparticles was reported. 

Three diffraction peaks appear at theta 28.76
o
, 47.97

 o
 and 56.6

 o
 are corresponding 
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to the planes (111), (220), and (311), respectively. According to previous works, 

B:ZnS nanoparticles have zinc blende structure (cubic structure). 
127,149

  

 According to the Scherrer formula (see equation 3.2),
142

 the average crystallite 

size was calculated, and is found to be around 2.4 nm. It is worth to note that the 

crystallite size is a part of the particles, therefore, Sherrer equation doesn’t give the 

real size for ZnS nanoparticles instead give small values150. XRD diffraction gives 

an average interplaner distance of 0.22 nm.   

 

 

 

 

 

 

 

 

 

Figure 3.17 X-rays diffraction patterns of ZnS nanocrystals which is formed in the presence of 

10 mL broccoli extract. 

 

3.4.2.2 FE-SEM analysis 

FE-SEM images in Figure 3.18 show the surface morphology of 

biosynthesized ZnS particles. A number of spherical particles with an average size 

of nearly 5-7 nm were observed during FE-SEM analysis. This size is greater than 

that one obtained from the Scherrer equation because the latter measure only the 

crystallite size.  

An interesting point here is by introducing broccoli extract to the formation 

process of zinc sulfide nanoparticles, the size of the particles is reduced compared 
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to that without the extract. The reason could be because the presence of 

intermolecular forces that are formed between the extract bio-components such as 

phenols and polyphenolic with the zinc sulfide particles, leading them to act as a 

protecting agent which can control the size of ZnS particles.                                     

                    

 

 

Figure 3.18 FE-SEM images of ZnS nanoparticles formed in the presence of broccoli extract as 

a capping agent. 

(a) (b) 

(c) (d) 
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3.4.2.3 TEM analysis 

Although broccoli extract was used as a capping agent, some agglomeration 

of ZnS particles was seen in the TEM image (see Figure 3.19). A possible 

interpretation is the association of ZnS particles through drying the sample before 

introducing it to the TEM. In addition, many small spherical particles are seen as 

shown in the expanded view.   

       

 

 

      

 

  

 

 

 

 

 

 

 

Figure 3.19 TEM image of ZnS nanoparticles formed in the presence of broccoli extract (the 

extended view shows the formation of small spherical particles). The scale bar of images is 60 

nm. 

 

3.4.2.4 FTIR measurement 

In order to investigate the functional groups that are attached to the surface of ZnS 

particles, FTIR spectroscopy was used and the spectrum was recorded in the range 

of 400 - 4000 cm
-1

.  Figure 3.20 shows the peaks centered at 612 and 657 cm
-1

 

representing the Zn-S bond. .
71,151 

The peak at 1411 cm
-1 

is assigned to the presence 
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of C=C group from the aromatic conjugates from broccoli extract. 
152

  The peak 

appears at 1629.55 cm
-1

 suggesting the presence of vibration of OH group. 127  At 

1005 cm
-1

, a strong peak was observed and it is possibly assigned to the organic 

components which may come from the extract.
153

  

The broad peak around 3200 to 3500 cm
-1

 is attributed to the OH group of phenol 

in the extract. Sharp peaks in the range of 2330 to 2380 cm
-1 

could be assigned to 

the S-H bond.                                                                                                                                                                                        

                                                                                                       

 

Figure 3.20 FTIR spectrum of (B:ZnS)  nanoparticles formed in the presence of broccoli extract  

 

3.5 The ability of B:ZnS nanoparticles for removal MB dye 

3.5.1 The influence of contact time on the adsorption ability  

The time required for the B:ZnS nanoparticles to adsorb and remove MB dye from 

wastewater was studied using UV-Visible spectroscopy. Figure 3.21 shows that 

MB dye has an absorption peak at 666 nm and the intensity of this peak decreased 

as the contact time increased from 5, 15, 30 to 60 min. 
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Figure 3.21 UV-Vis spectra of MB dye after the addition of ZnS particles formed with the 

presence of broccoli (B:ZnS) as a function of  the contact time. The absorption band of MB dye 

is 666 nm. 

 

 

3.5.2 Effect of B:ZnS nanoparticles on the adsorption process 

 

The addition of different amount of B:ZnS nanoparticles (0. 1, 0.2, 0.3, 0.4, and   

0. 5 g) to the MB dye solution leading to decreasing the peak intensities of MB dye 

as shown in Figure 3.22, indicating the adsorption ability of our prepared 

nanoparticles for adsorbing MB dye. However, a decrease in adsorption efficiency 

occurs as the B:ZnS nanoparticles dosage increases, this could be attributed due to 

overlapping or aggregation of adsorption sites leads to decrease in available 

adsorbent surface area for methylene blue.
154

 The percentage of dye removal 

(%DR) was calculated and it is found to be 90 %. 

  



Chapter Three                                                                                              Results and Discussion 

 

 
 

79 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.22 UV-Vis spectra of the dye removal after addition different amounts of ZnS particles 

formed with the presence of broccoli (B:ZnS). The absorption band of MB dye is 666 nm. 

 

 Table 3.5 shows the percentage of removal versus change in amount B: ZnS. 

No.  B: ZnS Abs. Ce DR% 

1    0.1 g 0.104 0.480 90.41 

2    0.2 g 0.122 0.563 88.75 

3    0.3 g 0.221 1.019 79.61 

4    0.4 g 0.208 0.959 80.81 

5    0.5 g 0.256 1.181 76.38 
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3.5.3 The effect of temperature on adsorption of MB dye 

To determine the best temperature required for removal MB dye, different samples 

were prepared and heated to different temperature (25, 30, 40, and 50 
o
C). It is 

clear from Figure 3.23 that the peaks intensity of MB decreases as the temperature 

decrease. Because the adsorption is chemical on the surface, as well as the lower 

the temperature, the slower the diffusion speed of the dye molecules, and the lower 

the kinetic energy of the dye molecules 
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Figure 3.23 UV-Vis spectra of B:ZnS nanoparticles with MB dye as a function of temperature. 
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3.5.4 Effect of pH on the adsorption process 

The effect of pH on the adsorption process of MB dye was investigated. From 

Figure 3.24, it was observed that the optimum pH of the process was 7. This is due 

to the fact that the degradation of MB dye was increased, in other words, more 

active sites will be available at the surface of zinc sulfide nanoparticles formed in 

the presence of broccoli extract. The removal ratio was found to be 84.13%.
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Figure 3.24 Effect of pH on the methylene blue dye adsorption the biosynthesized B:ZnS 

nanoparticles.  

Table 3.3 Displays the percentage of removal versus change in (PH)for B:ZnS. 

No. pH Abs. Ce DR% 

1 4 0.281 1.296 74.08 

2 7 0.172 0.793 84.13 

3 10 0.408 1.882 62. 36 
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3.6 Conclusions 

The main conclusions in this work can be summarized to: 

1. ZnS nanoparticles were prepared successfully using chemical precipitation 

method. 

2.  The particles size and morphology were determined using microscopic 

techniques (FE-SEM and TEM).                                                                 

3. The optical spectrum shows an absorption peak at 296 nm at the optimal 

conditions (pH 5, 25 
o
C and 1 hours of shaking). This blue shift of the 

absorption band of ZnS nanoparticles compared to the bulk is attributed to 

the effects of quantum confinement. 

4.  The band gap energy was estimated from the UV-Vis spectrum using tauc 

relationship to be 3.8 eV.  Our prepared nanoparticles have a cubic phase 

with (111), (220) and (311) lattice planes. 

5.  The size of zinc sulfide nanoparticles was measured using Scherre formula 

and it was 1.5 nm. 

6.  FR-IR analysis shows evidence for the formation of ZnS particles in the 

presence of broccoli extract through the peaks that appears at 612 and 657 

cm
-1

. 

7. These ZnS nanoparticles were employed for removal of methylene blue dye. 

The maximum dye removal was found to be 80% with initial concentration 

of dye 5 ppm at pH = 4 for 30 min, with 0.5 g ZnS nanoparticles. 

8.  Conclusive evidence for the formation of zinc sulfide nanoparticles using 

broccoli extract has been recorded for the first time. This extract acts as a 

bio-reducing agent. XRD analysis shows that B:ZnS particles are cubic (zinc 

blend) structure with a size of 2.4 nm and the interplanar distance is 0.22 

nm.   

9. A small amount of B:ZnS particles (0.1 g) are able to adsorb methylene blue 

dye (MB) from wastewater. The percentage of dye removal (%DR) was 

calculated and it is found to be 90 %. 
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10. Introducing broccoli extract in the formation process of ZnS nanoparticles 

leads to the form of small nanoparticles with a wide band gap 3.93 eV 

compared to ZnS particles formed through the chemical precipitation 

method 3.8 eV. These small particles have large surface-to-area and 

consequently can be used in removing process of industrial dyes with high 

efficiency 

. 
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3.7 Recommendations: 

1. Study the linear and non-linear optical properties of ZnS nanoparticles.  

2. Doping the ZnS nanoparticles with some metal or semiconductor materials 

to improve their optical properties and consequently increase their ability to 

absorb different dyes. 

3. Study the photocatalytic activity of ZnS nanoparticles. 

4. Study the bioactivity of ZnS nanoparticles.   
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 الخلاصت

 

 إٌب٠ٛٔت اٌضٔه وبش٠خ١ذ بٍٛساث شخ١ضٚح ذض١شح عٍٝ أعبعٟ بشىً اٌعًّ ٘زا سوض

 راث إٌب٠ٛٔت اٌضٔه وبش٠خ١ذ جغ١ّبث حظ١ٕع حُ. اٌى١ّ١بئٟ اٌخشع١ب طش٠ك ببعخخذاَ

 ٚدسجت اٌخفبعً ٚٚلج الأ١ٌٚت اٌّٛاد حشو١ض فٟ اٌخذىُ خلاي ِٓ اٌىشٚٞ شبٗ اٌشىً

 ِٓ اٌضٔه ٌىبش٠خ١ذ إٌب٠ٛٔت اٌبٍٛساث حى٠ٛٓ ِٓ ذاٌخأوحُ ٚوزٌه  . ٌٍّذٍٛي اٌذّٛضت

 طبلتاٌفجٛة  ل١بط حُ ٚوزٌه. TEM ٚ FE-SEM ٚ XRD ٚ EDX حم١ٕبث خلاي

 ٚحعضٜ (فٌٛج-اٌىخشْٚ 3.5) أٔٙب ٚٚجذ اٌبٕفغج١ت ٚفٛق اٌّشئ١ت الأشعت ط١ف ِٓ

-ِٟٛاٌىّ اٌذبظ حأث١ش إٌٝ اٌىب١شٖ ZnS فجٖٛ اٌطبلت يب ِمبسٔت بءلسضاٌ الاصادٗ ٘زٖ

- quantum confinementإٌب٠ٛٔت ٌٍجغ١ّبث الاِخضاص عٍٛن دساعت حُ ٚوزٌه ZnS 

 ِٓ( MB) اٌضسلبء ا١ٌّث١ٍ١ٓ طبغت ضاصاِخ عٍٝ اٌمذسة ٌذ٠ٙب ZnS جض٠ئبث أْ ٚٚجذ

 إصاٌت حضداد ، اٌظبغت ِذٍٛي فٟ اٌضٔه و١ّت ص٠بدة ِع أٔٗ ٚجذ. اٌّبئٟ اٌّذٍٛي

 .اٌضسلبء طبغٗ ا١ٌّث١ٍ١ٓ

 

 إٌب٠ٛٔت اٌضٔه وبش٠خ١ذ جض٠ئبث حذض١ش حُ ، اٌّششٚع ٘زا ِٓ اٌثبٟٔ اٌجضء فٟ

 وعٛاًِ إٌببحبث ِٓ أجضاء اعخخذاَ ٠خُ اٌطش٠مت، ٘زٖ فٟ. اٌخضشاء اٌطشق ببعخخذاَ

 ِثً اٌّخغ١شاث حعذ٠ً حُ. اٌى١ّ١بئ١ت اٌّٛاد اعخخذاَ ِٓ بذلاا  عضي ٚعٛاًِ اخخضاي

 اٌجغ١ّبث ّٔٛ ع١ٍّت فٟ ٌٍخذىُ اٌّذٍٛي فٟ اٌذّٛضت ٚدسجت اٌّغخخٍض حشو١ض

 أٔٙب ٚٚجذث الاِخظبص ط١ف ِٓ طبلتاٌفجٛة  حذذ٠ذ حُ ٚوزٌه. ZnS إٌب٠ٛٔت

 ZnS فجٖٛ اٌطبلت يب ِمبسٔت قسصأ أض٠بح فٟ حىْٛ ٚاٌخٟ ، (فٌٛج-اٌىخشْٚ 3.63)

 و١ّت أْ ٚٚجذ ، إٌب٠ٛٔت اٌضٔه وبش٠خ١ذ ٌجغ١ّبث الاِخضاص عٍٛن حٛض١خ حُ. اٌىب١شٖ

 اٌضسلبء ا١ٌّث١ٍ١ٓ طبغت ضاصاِخ عٍٝ لبدسة (جُ 1.1)  ZnS جض٠ئبث ِٓ طغ١شة

(MB )ِٓ ٖاٌظذٟ اٌظشف ١ِب. 



 

 

 

 

 

 

 

 

 
 

 جاهعت كربلاء

 كلٍت التربٍت للعلىم الصرفت

 قسن الكٍوٍاء

 

ازالت وتطبٍقاتها فً نانىٌت ال دقائق كبرٌتٍذ الخارصٍنتحضٍر و تشخٍص 

 هن الوحالٍل الوائٍتصبغت الوثٍلٍن السرقاء 

               جـاهعت كــربلاء، كجسء –الرسالت هقذهت الى هجلس كلٍت التربٍت للعلىم الصرفت 

 هتطلباث نٍل شهادة الواجستٍر فً علىم الكٍوٍاء هن

  

 

 هن قبل

 اهٍر قاسن عبذ جىاد

 

  بإشـــــشاف

                                                                                       اٌذوخٛسالاعخبر اٌّغبعذ 

                                                                                          الهنذاويعلا ههذي عبذ علً 
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