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ABSTRACT 

Nanocomposite consists of a matrix to which nanoparticles are added to improve a particular 

material property such as electrical conductivity, optical clarity, thermal stability, etc. ZnS-Si02 

nanocomposite is widely used in electronic devices, specifically, in light emitting diodes and also'  

in biological labeling due to its excellent photo stability. ZnS-Si02 nanocomposites have been 

synthesized by different methods such as Rf sputtering, micro-emulsion and wet chemical 

method. Most of these methods are costly and complex. In the present study, a simple sol-gel 

synthesis of ZnS-Si02 nanocomposite has been investigated. In the sol-gel method, the chemical 

elements become uniformly distributed during gel formation and production of ultrafme particle 

with small crystallite size at lower temperature can be achieved. For the synthesis of ZnS-Si02 

nanocomposites, zinc acetate and thioacetamide were taken in 1:1 molar ratio and then a mixture 

of ethanol, toluene and tetraethyl orthosilicate were added. This was followed by the addition of 

ammonia solution along with a small amount of distilled water. The obtained gel - was dried at 

80°C. Mn doped ZnS-Si02 nanocomposites were also obtained by the same procedure by adding 

zinc acetate and manganese acetate with different mole ratios (90:10, 95:05, 98:02). The XRD 

patterns of the composites showed peaks due to only ZnS because Si02 is amorphous. The DRS 

spectra of the composites showed the characteristic absorption bands of ZnS-Si02. hi Mn doped 

ZnS-Si02 nanocomposites, the band gap increased in comparison to pure ZnS and ZnS-Si02 

nanocomposites. FE-SEM images of ZnS-Si02 and Mn doped ZnS-Si02 nanocomposites showed 

agglomeration of spherical shaped nanoparticles. EDXA analysis also confirmed the presence of 

elements (Zn, S, 0, Mn and Si). The photoluminescence spectra of ZnS-Si02 nanocomposites 

showed the emission bands of ZnS. The present method is an easy method to synthesize ZnS-

Si02 and Mn doped ZnS-Si02 nanocomposites at low temperature. 
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Abbreviation 

FE-SEM = Field emission scanning electron microscope 

FT-IR = Fourier transform infrared spectroscopy 

EDXA = Energy dispersive X-ray analysis 

TAA = Thioacetamide 

TEOS = Tetraethyl orthosilicate 

PL = Photoluminescence 

DRS = Diffuse reflectance spectra 

TGA = Thermal gravimetric analysis 

RT = Room temperature 
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CHAPTER 1 

1.1 Introduction: 

Nanocomposite materials are formed by mixing two or more dissimilar materials at the 

nanoscale in order to control and develop new and improved structures and 

properties. A nanocomposite is a multiphase solid material where one of the phases has one, two 

or three dimensions of less than 100 nanometer (nm), or structures having nano-scale repeat 

distances between the different phases that make up the material [1]. 

The properties of nanocomposites depend not only upon the individual components used but 

also upon the morphology and the interfacial characteristics. Nanocomposite coatings and 

materials are among the most exciting and fastest-growing areas of research. With new materials 

being continually developed, they often exhibit novel properties that are absent in the constituent 

materials. Nanocomposite materials have enormous potential for new applications including: 

aerospace, automotive, electronics, biomedical implants, non-linear optics, mechanically 

reinforced lightweight materials, sensors, nanowires, batteries, bioceramics, energy conversion 

and many others [2]. 

The mechanical, electrical, thermal, optical, electrochemical and catalytic properties of the 

nanocomposites differ markedly from that of the component materials. Size limits for these 

effects have been proposed [3], i.e. particle size < 5 nm for catalytic activity, < 20 nm for making 

a hard magnetic material soft, < 50 nm for refractive index changes, and < 100 nm for 

achieving superparamagnetism. 
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1.2 How Nanocomposites Work? 

Nanoparticles have extremely high surface to volume ratio which dramatically changes their 

properties when compared with their bulk sized particles. It also changes the way in which the 

nanoparticles bond with the bulk material. The result is that the composite can be many times 

improved with respect to the component parts. Some nanocomposite materials have been shown 

to be 1000 times tougher than the bulk component materials. 

1.3 Types of Nanocomposites 

The important types of nanocomposites are: 

• Ceramic nanocomposites 

• Metal nanocomposites 

e Polymer nanocomposites 

• Magnetic nanocomposites 

1.3.1 Ceramic Nanocomposites 

In ceramic nanocomposites, the main part of the volume is occupied by a ceramic, i.e. a chemical 

compound from the group of oxides, nitrides, borides, etc. In most cases, the ceramic 

nanocomposites contain a metal as the second component. Ideally, both the components (metallic 

one and the ceramic one) are finely dispersed in each other in order to explore a particular 

property. Nanocomposites from these have been demonstrated in improving their optical, 

electrical and magnetic properties [4] as well as biological, corrosion-resistance and other 

protective properties [5]. 



The phase diagram of the mixture should be considered in designing ceramic-metal 

nanocomposites and measures have to be taken to avoid a chemical reaction between both the 

components. The last point is mainly important for the metallic component that may easily react 

with the ceramic and thereby looses its metallic character. It should be noted that the preparation 

of the ceramic component generally requires high process temperatures. 

The concept of ceramic-matrix nanocomposites was also applied to thin films that are solid 

layers of a few nm to some tens of µm thickness deposited upon a substrate and that play an 

important role in the functionalization of surfaces. Gas flow sputtering by the hollow cathode 

technique turned out as a rather effective technique for the preparation of nanocomposite layers 

[6,7]. The process operates as a vacuum-based deposition technique and is associated with high 

deposition rates up to some µm and the growth of nanoparticles in the gas phase. Nanocomposite 

layers in the ceramics range of composition were prepared from TiO2 and Cu by the hollow 

cathode technique [8]. The composites showed high mechanical hardness, small coefficients of 

friction and a high resistance to corrosion. 

1.3.2 Metal Nanocomposites 

Another kind of nanocomposite is the energetic nanocomposite. Metal oxides when combined 

with nano scale aluminium powder can form super thermite materials [9-11]. 

1.3.3 Polymer Nanocomposites 

In this case,, appropriately added nanoparticulates to a polymer matrix can enhance its 

performance by simply capitalizing on the nature and properties of the nanoscale filler (these 

materials are better described by the term nanofilled polymer composites) [12]. This strategy is 



particularly effective in yielding high performance composites, when good dispersion of the 

filler is achieved and the properties of the nanoscale filler are substantially different or better 

than those of the matrix, for example, reinforcing a polymer matrix by much stiffer nanoparticles 

of ceramics, clays (Fig 1.1), or carbon nanotubes [ 13, 14]. Alternatively, the enhanced properties 

of high performance nanocomposites may be mainly due to the high aspect ratio and high surface 

area of the fillers [ 15, 16]. Since nanoparticles have extremely high surface area to volume 

ratios, good dispersion can be achieved. 

POLYMER M4NOCOIYPQS/7ES 

Conventional I 	Composite 

Polymer 
Intercalated 

Nanocomposite 

L'tI[s iv  

Fig 1.1: Polymer nanocomposites fromed fom a layered clay and a polymer [ 18, 19] 

Nanoscale dispersion of fillers or controlled nanostructures in the composite can introduce new 

physical properties and novel behaviour that are absent in the unfilled matrices, effectively 

changing the nature of the original matrix (such composite materials can be better described by 

the term genuine nanocomposites or hybrids) [12]. Some examples of such new properties are 

fire resistance or flame retardancy and accelerated biodegradability [ 17]. 
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1.3.4 Magnetic Nanocomposites: 

Magnetic materials have been playing a key role for the miniaturization of electronic equipment 

Inductive components are extensively used in high frequency (> 1 MHz) electronic devices such 

as radar, satellite, telecommunication systems and home radios. Conventional inductive 

components use metallic alloys and ferrites as core materials. The major problem for metallic 

materials is their low resistivity. Since it is impossible to dramatically increase their resistivity, 

metallic materials were excluded in high frequency applications and ferrites have been the only 

choice. Although efforts have been made to improve the performance of the ferrites, very limited 

progress was made [20,21]. 

To overcome the difficulties of both metallic alloys and ferrites, 	metals or ceramic 

nanocomposites are the next generation materials for high frequency magnetic applications. The 

nanocomposite processing has provided a new approach for fabricating soft magnetic materials. 

In a magnetic or ceramic nanocomposite, the resistivity can be drastically increased, leading to 

significantly reduced eddy current loss. In addition, the exchange coupling between neighboring 

magnetic nanoparticles can overcome the anisotropy and demagnetizing effect, resulting in much 

better soft magnetic properties than the conventional bulk materials (Fig.1.2). 

5 
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Fig. 1.2: Schematic representation of magnetic nanocomposite technology [22] 

In the recent times, the following research areas are important with regard to 

magnetic nanocomposites. 

• Chemical synthesis of Ni-Fe/Si02, Co/SiO2, Fe-Co/Si02, Fe/nickel-ferrite, Ni-Zn-

ferrite/Si02, Fe-Ni/ polymer, and Co/polymer magnetic nanocomposites [23]. 

• Consolidate the magnetic nanocomposite powders into exchange coupled (> 90% 

theoretical density) bulk components via vacuum hot press consolidation or tape 

casting process [22, 23]. 

• Performance evaluation of the exchange coupled magnetic nanocomposite 

components. 
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1.4 Improved Properties of Nanocomposites: 

Nanocomposites can dramatically improve properties like: 

❑ Mechanical properties including strength, modulus and dimensional stability 

❑ Electrical conductivity 

❑ Decreased gas, water and hydrocarbon permeability 

❑ Flame retardancy 

❑ Thermal stability 

❑ Chemical resistance 

LI 	Surface appearance 

❑ Optical clarity 

1.5 Applications 

Nanocomposites are currently used in a number of fields and new applications are being 

developed. The applications of nanocomposites include: 

❑ Thin-film capacitors for computer chips 

❑ Solid polymer electrolytes for batteries 

❑ Automotive engine parts and fuel tanks 

❑ Impellers and blades 

❑ Oxygen and gas barriers 

❑ Food packaging 
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The improvements in properties have resulted in major interest in nanocomposite materials in 

numerous automotive, general and industrial applications. These include potential for utilisation 

as mirror housings on various vehicle types, door handles, engine covers and intake manifolds 

and timing belt covers. More general applications currently being considered include usage as 

impellers and blades for vacuum cleaners, power tool housings and covers for portable electronic 

equipment such as mobile phones, pagers, etc. Some of the interesting applications have been 

described below. 

1.5.1 Oxygen and Gas Barriers 

The gaseous barrier property improvement that can result from relatively small quantities of 

nanoclay materials is shown to be substantial. Data provided from various sources indicate that 

oxygen transmission rates for polyamide-organoclay composites are usually less than half of that 

of the unmodified polymer. Further data reveals the extent to which both the amount of clay 

incorporated in the polymer and the aspect ratio of the filler contributes to overall barrier 

performance [24]. In particular, aspect ratio is shown to have a major effect, with high ratios 

quite dramatically enhancing gaseous barrier properties. 

Honeywell [25] has been active in developing a combined active or passive oxygen barrier 

system based on polyamide-6 materials. Passive barrier characteristics are provided by nanoclay 

particles incorporated via melt processing techniques while the active contribution comes from 

an oxygen scavenging ingredient. Oxygen transmission results reveal substantial benefits 

provided by nanoclay in comparison to the base polymer (rates approximately 15-20% of the 

bulk polymer value, with further benefits provided by the combined active or passive system). It 

is suggested that the increased torsion provided by the nanoclay particles essentially slows 



transmission of oxygen through the composite and drives molecules to the active scavenging 

species resulting in near zero oxygen transmission for a considerable period of time. 

1.5.2 Food Packaging 

Currently there is requirement for a non refrigerated packaging system capable of maintaining 

food freshness for a long time [26]. Nanoclay polymer composites are currently showing 

considerable promise for this application. The excellent barrier characteristics of these 

composites have resulted in considerable interest in nanoclay composites in food packaging 

applications. Specific examples include packaging for processed meats, cheese, confectionery 

and boil-in-the-bag foods, extrusion-coating applications in association with paper board for fruit 

juice and dairy products and also co-extrusion processes for the manufacture of beer and 

carbonated drinks bottles. The use of nanocomposite formulations would be expected to enhance 

considerably the expiry time of many types of food. 

1.5.3 Fuel Tanks 

The ability of nanoclay incorporation to reduce solvent transmission through polymers such as 

polyamides has been demonstrated [27]. Significant reduction in fuel transmission through 

polyamide 6/66 polymers by incorporation of a nanoclay filler has been noticed [28]. As a result, 

considerable interest is now being shown in these materials as both fuel tank and fuel line 

components for cars. Of further interest for this type of application, the reduced fuel transmission 

characteristics are accompanied by significant material cost reductions. 
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1.5.4 Transparent Films 

The presence of filler at nano-levels has also been shown to have significant effects on the 

transparency characteristics of films. In comparison to conventionally filled polymers, nanoclay 

has been shown to significantly enhance the transparency [29]. With polyamide based 

composites, this effect has been shown to be due to modifications in the crystallisation behaviour 

brought about by the nanoclay particles; spherilitic domain dimensions being considerably 

smaller. Similarly, nano-modified polymers have been shown, when employed to coat polymeric 

transparency materials, to enhance both toughness and hardness of these materials without 

interfering with the light transmission characteristics. The ability to resist high velocity impact 

combined with substantially improved resistance has also been investigated [30, 31]. 

1.5.5 Environmental Protection 

Water laden atmospheres have long been regarded as one of the most damaging environments 

which polymeric materials can encounter. Thus an ability to minimise the extent to which water 

is absorbed can be a major advantage. Nanoclay incorporation can reduce the extent of water 

absorption in a polymer [32, 33]. Similar effects have been observed with polyamide based 

nanocomposites. In addition a significant effect of nanoclay aspect ratio on water diffusion 

characteristics in polyimide nanocomposites have been observed. Specifically, increasing aspect 

ratio was found to diminish substantially the amount of water absorbed, thus indicating the 

beneficial effects likely from nanoparticles in comparison to conventional microparticle loading. 

Hydrophobic enhancement would clearly promote both improved nanocomposite properties and 

diminish the extent to which water would be transmitted through to an underlying substrate. 

Thus applications in which contact with water or moist environments are likely could clearly 

benefit from materials incorporating nanoclay particles. 
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1.5.6 Flammability Reduction 

The ability of nanoclay incorporation to reduce the flammability of polymeric materials was a 

major theme of the paper published by Gilman et al [34, 35]. Gilman et al. have demonstrated the 

extent to which flammability behaviour could be restricted in polymers such as polypropylene 

with as little as 2% nanoclay loading. In particular, heat release rates, as obtained from cone 

calorimetry experiments (Fig. 1.3), were found to diminish substantially by nanoclay 

incorporation. Although conventional microparticle filler incorporation together with the use of 

flame retardant would also minimise flammability behaviour, this is usually accompanied by 

reduction in various other important properties. With the nanoclay approach, this is usually 

achieved while maintaining or enhancing other properties and characteristics. 

Fig. 1.3: Flame reduction using a nanocomposite [17] 
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1.6 Scope of present study: 

ZnS is well-known direct band gap semiconductor with a bandgap of 3.77eV. It is a promising 

material for fabricating optical and electronics devices. SiO2 is chemically inert and optically 

transparent. When Si02 is mixed with ZnS it may enhance the optical properties of the material 

which is very much useful in house hold and industrial applications. ZnS-Si02 can be prepared 

using a variety of chemical methods but these methods are complex and time consuming. In the 

present work, ZnS-SiO2 nanocomposites were prepared using a simple sol-gel approach. 

Manganese doped ZnS-SiO2 nanocomposites have been extensively studied in particular for their 

radiative short lifetime and enhanced emission efficiencies. In the present study, manganese 

doped ZnS-Si02 nanocomposites were also prepared and characterized. 

12 





CHAPTER 2 (EXPERIMENTAL METHODS) 

2.1 Materials 

ZnS-Si02 nanocomposites with different Si02 content and Mn doped ZnS-Si02 

nanocomposites with different Zn2+:Mn2+  mole ratios were synthesized by sol-gel method using 

the following chemicals; tetraethyl orthosilicate, ethanol, toluene, ammonia solution (25%), zinc 

acetate, manganese acetate and thioacetamide. All the chemicals used were of analytical grade 

and used without any further purification. All the experiments were carried out using Millipore 

water. 

2.2 Equipment 

The various instrumental techniques that have been used for the characterization have been 

discussed briefly below. 

2.2.1 X-ray diffractometer 

X-ray diffraction patterns were recorded on a Bruker X-8 X-ray diffractometer using Cu Ka line 

(1.5418A) of the X-ray source. The 20 range studied was from 100  to 75°  and the scan speed was 

2°  per minute. X-rays having wavelength similar to that of the size of the atom can be used to 

probe crystalline structure at the atomic level. Each crystalline solid has its unique X-ray pattern 

which may be used as a fingerprint for its identification. XRD is extensively being used for the 

determination of the crystalline structure of nanocrystals. In a crystalline solid, the broadening of 

a peak in the diffraction pattern can be used to determine the size of the crystallites by applying 

Debye- Scherer equation [36]. 
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t=0.92./f3 cos 0 

Where t is the average crystallite size, A. is the wavelength, 13  is the line broadening at half the 

maximum intensity in radians, and 0 is the Bragg's angle. The Scherrer equation is limited to 

nanoscale particles and it is not applicable to grains larger than about 0.1 µm. 

2.2.2 Infrared Spectroscopy 

Infrared spectroscopy (IR spectroscopy) is the spectroscopy which deals with the infrared region 

of the electromagnetic spectrum. As with all spectroscopic techniques, it can be used to identify 

and study chemicals and organic bondings. 

In the present study, IR spectra were obtained on a Thermo Nicolet NEXUS FT-IR spectrometer 

in mid IR range (from 4000 cm' to 400 cm 1) in KBr medium. All the spectra were recorded in 

the transmission mode. 

2.2.3 Field emission scanning .electron microscope (FESEM) coupled with 

energy dispersive X- ray analysis (EDXA) 

An electron microscope is employed to produce an electronically magnified image of a specimen 

for fmding its morphology. In an electron microscope, a beam of electrons illuminates the 

specimen and creates its magnified image. Unlike optical microscope, electron microscope can 

achieve magnifications up to 1,000,000 times or more because the wavelength is about 100,000 

times shorter compared to the visible light radiation; optical microscopes are limited to 2000 

times magnification. 

14 



SEM utilizes vacuum conditions and uses electrons to form an image that's why special 

preparations were made prior to the analysis of the samples. The metals, which are conductive, 

require no preparation before being used. All non-metals need to be made conductive by 

covering the sample with a thin layer of conductive material. This is done by using a device 

called a "sputter coater." 

Since SEM relies on the surface process rather than transmission, it is able to image bulk 

samples up to many centimetres in size and has a great depth of field, and so can produce images 

that are good representations of the three-dimensional shape of samples [37]. 

In the present study, the surface morphology of the samples were analysed by FEI 

QUANTA-200F field emission scanning electron microscope having an accelerating voltage of 

30 kV. The elemental analysis of the synthesized materials was performed using an EDXA 

accessory equipped with a CCD (charge coupled device) camera. 

2.2.4 Diffuse reflectance spectroscopy 

Diffuse reflection is a process whereby light reflected from an object strikes other objects in the 

surrounding area, illuminating them. Diffuse reflection specifically describes light reflected from 

objects which are not shiny or specular. 

Diffuse reflectance is an excellent sampling tool for powdered materials in the mid-IR, near 

infrared and visible ranges. It can also be used for the analysis of intractable solid samples. In the 

present study, a Shimadzu UV-3600 UV-Vis NIR spectrometer was used and the range studied 

was from 200 to 800 nm. The samples to be analysed by diffuse reflectance were mixed with 

barium sulphate (1:100 wt. ratio) prior to the analysis. 
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2.2.5 Fluorescence spectroscopy 

Fluorescence spectroscopy is a type of electromagnetic spectroscopy which 

analyzes fluorescence from a sample. It involves using a beam of light, usually ultraviolet light, 

that excites the electrons in molecules of certain compounds and causes them to emit light of a 

lower energy. 

A fluorimeter is a device used to measure parameters of the fluorescence, i.e. intensity 

and wavelength distribution of emission spectrum after excitation [38]. These parameters are 

used to identify the presence and the amount of specific molecules in a specimen. Fluorescence 

analysis can be orders of magnitude more sensitive than other techniques. Applications 

include chemistry/biochemistry, medicine, environmental monitoring, etc. Generally fluorescent 

compounds have two characteristic spectra: an excitation spectrum (the wavelength and the 

amount of light absorbed) and an emission spectrum (the wavelength and the amount of light 

emitted). No two compounds have the same fluorescence signature. It is this principle that makes 

fluorescence spectroscopy a highly specific analytical technique. 

In the present study, the measurements were carried on a Shimadzu RF-5301 PC 

spectrometer with an excitation wavelength 315 nm. The emission spectra were recorded from 

325 to 800 nm. The samples were prepared by adding 10mg each of the powder samples to 5m1 

ethanol followed by sonication prior to the analysis. 

2.2.6 Thermal gravimetric analysis 

Thermal gravimetric analysis (TGA) is a type of testing performed on samples that determines 

changes in weight percentage in relation to change in temperature [39]. A derivative weight loss 

curve can identify the point where the weight loss is most apparent. TGA is commonly employed 
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in research and testing to determine degradation temperatures, absorbed moisture content of 

materials and the level of inorganic and organic components in materials. In the present study, 

the TGA patterns of the samples were recorded using a Perkin Elmer (Pyris Diamond) 

instrument from room temperature to 900°C in the presence of nitrogen gas with a heating rate of 

10°C per minute. 

2.3 Methodology 

ZnS-Si02 nanocomposites have been synthesized in the literature by the following methods. 

• Micro emulsion [40] 

• RF sputtering [41] 

• Sol gel process [42,43] 

• Wet chemical route. [44] 

In the present study, ZnS-Si02 nanocomposites with different Si02 ratios (Scheme-1) and Mn 

doped ZnS-Si02 nanocomposites (Scheme-2) with different Zn2+:Mn2+  mole ratios were 

synthesized by the sol-gel method. 

For the synthesis of ZnS-Si02 nanocomposites, zinc acetate and thioacetamide were taken in a 

1:1 molar ratio and then a mixture of 40 ml ethanol, 25 ml toluene and tetraethyl orthosilicate 

(lml, 2m1, 4m1) were added. This was followed by the addition of ammonia solution (2 ml) 

along with a small amount of distilled water (1 ml). The contents were stirred at room 

temperature for 8 hours. The gel obtained was dried at 80°C for 15 hours [44, 45]. 
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Mn doped ZnS-Si02 nanocomposites with variable Zn2+:Mn2+  mole ratios (98:02, 95:05, 90:10) 

were also synthesized by the above procedure by introducing manganese acetate during the 

synthesis while keeping all the other conditions same (see Scheme-2). 

1 ml, 2 ml, 4 ml TEOS + 40 ml Ethanol + 25 ml Toluene 

1. Stir for 15 minutes 

2. Add 2 ml NH3 solution 

3. Stir for 1 hour 

4. Add Zinc acetate (.2M) and Thioacetamide I 

5. Add 1 ml H2O, Stirred for 8 hours at RT 

Gel. 

1. Centrifuged and washed by ethanol 

2. Dried at 80°C for 15 hours 

Nano.composite powders 

Scheme-1: Synthetic procedure for ZnS-Si02  nanocomposites with variable Si02  ratios. 

18 



2 ml.TEOS + 40 ml Ethanol + 25 ml Toluene 

Ix 	1. Stir for 15 minutes 

2. Add 2 ml NH3 solution 

3. Stir for 1 hour 

4. Add Zn acetate and Mn actate (90:10, 95: 

98:02 molar ratios) + Thioacetamide (.2M 

5. - Add 1 ml H2O, Stirred for 8 hours at RT 

Gel 

1. Centrifuged and washed by ethanol 

2. Dried at 80°C for 15 hours 

FNanocoinposite powders 

Scheme-2: Synthetic procedure for Mn doped ZnS-Si02 nanocomposites with variable Zn2+:Mn2+ 
molar ratios. 
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The nomenclature of different ZnS-Si02  nanocomposites prepared in the present 

study are given below. 

Sample a = Pure ZnS 

ZnS-Si02-1 = ZnS-Si02 nanocomposite prepared with 1 ml TEOS 

ZnS-SiO2-2 = ZnS-Si02 nanocomposite prepared with 2 ml TEOS 

ZnS-Si02-3 = ZnS-SiO2 nanocomposite prepared with 4 ml TEOS 

Sample al = Mn doped ZnS-Si02 nanocomposite prepared with Zn2}: Mn2}  = 98:02 mole ratio 

Sample a2 = Mn doped ZnS-Si02 nanocomposite prepared with Zn2+: Mn2}  = 95:05 mole ratio 

Sample a3 = Mn doped ZnS-Si02 nanocomposite prepared with Zn2+: Mn2}  = 90:10 mole ratio 



Chapter 3 

Results and Discussion 

ZnS-SiO2  Nan ocomposites 



CHAPTER 3 RESULTS AND DISCUSSION 

ZnS-Si02  NANOCOMPOSITES: 

3.1 XRD analysis of ZnS-SiO2 nanocomposites 

Fig. 3.1.1 shows the XRD patterns of ZnS-Si02 nanocomposites with variable Si02 ratios, i.e. 

ZnS-Si02-1, ZnS-Si02-2 and ZnS-Si02-3. There are three diffraction peaks:which correspond to 

(111), (220), (311) planes of cubic crystalline ZnS [36] and the patterns matched well with the 

standard JCPDS data (File no 05-0566). The crystallite size of pure ZnS was calculated using 

Debye-Scherrer equation and it was around 2.2 nm whereas the crystallite size of ZnS-Si02 

nanocomposites were calculated to be about 1.8 nm. It is concluded that the crystallite size of 

ZnS in ZnS-Si02 nanocomposites is decreased in comparison with pure ZnS. 

Fig 3.1.2 shows the XRD patterns of ZnS-Si02 nanocomposites with variable Si02 ratios 

calcined at 400°C. The calculated crystallite size of ZnS in ZnS-Si02 nanocomposites with 

variable Si02 ratios calcined at 400°C, were 4.2 mu, 4.7 nm and 5.1 nm for ZnS-Si02-1, ZnS-

Si02-2 and ZnS-Si02-3, respectively in comparison to 1.8 nm of the as prepared 

nanocomposites. 
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10 	20 	30 	40 	50 	60 	70 
20 

Fig.3.1.1 XRD patterns of (a) Si02, (b) ZnS, (c) ZnS-Si02-1, (d) ZnS-Si02-2 and (e) ZnS-Si02-3. 
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• 2e 

Fig. 3.1.2 XRD patterns of (a) ZnS-Si02-1, (b) ZnS-Si02-2 and (c) ZnS-Si02-3 nanocomposites 
calcined at 400°C. 	 V 	 ' 

3.2 FE-SEM images and EDXA analysis. of ZnS-SiO2  nanocomposites: 

Fig. 3.2.1 shows the FE-SEM images of pure ZnS,. ZnS-Si02 nanocomposites prepared with 

different Si02 ratios, i.e. ZnS-Si02-1, ZnS-Si02-2 and ZnS-SiO2-3 and pure Si02. The images 

show .that the nanoparticles in the composites are spherical in shape-and are agglomerated but in 

the case of pure Si02, the nanoparticles are spherical shape, regular_and distinct: From the images 

it was concluded that the particle size is decreased from 2.2 rim to 1.8 nm in ZnS-Si02 

nanocomposites in comparison to pure ZnS nanoparticles. Fig. 3.2.2 shows the FE-SEM images 

of ZnS-Si02 nanocomposites prepared with different Si02 ratios, i.e: ZnS-Si02-1, ZnS-Si02-2 

• :23: 	 V, 	V .. 



and ZnS-Si02-3 after calcination at 400°C. The morphology of annealed samples is 

approximately same as that of as prepared samples but with increased particle size. 

Fig.3.2.1 FE-SEM images of (a) pure ZnS, (b) ZnS-Si02-1, (c) ZnS-Si02-2, (d) ZnS-Si02-3 and (e) pure Si02 
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Fig. 3.2.3 EDXA data of (a) pure ZnS, (b) ZnS-SiO2-1,(c) ZnS-SiO2-2, (d) ZnS-SiO2-3 and (e) pure Si02 
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3.3 FT-IR analysis of ZnS-SiO2  nanocomposites: 

Fig. 3.3.1 shows the FT-IR spectrum of pure Si02. The band around 1081 cm' is dUe to Si-O-Si 

asymmetric stretching where as the band at about 795 cm 1  is due to Si-O-Si symmetric 

stretching. The band around 464 cm-1  is due to Si-O-Si bending [46]. The bands around 3448cm 

'and 1 642cm 1  are due to 0-H stretching and OH bending, respectively. 

4000 3500 3000 2500 2000 1500 1000 500 

Wavenumber ern' 

Fig. 3.3.1 FTIR spectrum of pure Si02. 
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Fig. 3.3.2 shows the FT-IR spectra of pure ZnS and ZnS-Si02 nanocomposites with different 

Si02 ratios. In the spectra, the band around 1065 cm' is due to Si-O-Si asymmetric stretching 

where as the band at about 791 cm"1  is due to Si-O-Si symmetric stretching.The band at 460 cm' 

is due to Si-O-Si bending [46, 47]. The band at 619 cm 1  is assigned to Zn-S stretching. In the 

case. of ZnS-Si02 nanocomposites, the band around 3330m 1  is due to 0-H stretching and the 

band around 1402 cm"1  is due to OH bending [48]. 

4000 3500 3000 2500 2000 1500 1000 500 

Wavenumber(cm') 

Fig. 3.3.2 FTIR spectra of (a) pure ZnS, (b) ZnS-Si02-1, (c) ZnS-Si02-2, and (d) ZnS-Si02-3. 
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3.4 Thermal gravimetric analysis of ZnS nanoparticles and ZnS-SiO2  

nanocomposites 

Fig. 3.4.1 shows the TGA pattern of pure ZnS, ZnS-Si02-1, ZnS-Si02-2 and ZnS-Si02-3 

nanocomposites. The thermal decomposition behaviour of the nanocomposites is similar to that of pure 

ZnS nanoparticles. 

100 

95 

85 

80 
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70 

65 
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0 	200 	400 	600 	800 

Temp(°c) 

Fig. 3.4.1 TGA data of (a) pure ZnS, (b) ZnS-Si02-1, (c) ZnS-Si02-2 and (d) ZnS-Si02-3. 



-.3.5 Diffuse reflectance spectral analysis of ZnS-Si02  nanocomposites: 

Fig. 3.5.1 shows the diffuse reflectance spectra of pure ZnS and ZnS-Si02 nanocomposites with 

different Si02 'ratios, i.e. ZnS-Si02-1, ZnS-Si02-2 and ZnS-Si02-3. The bandgap of ZnS 

rianoparticles was estimated as 4.9 eV which is greater than the bandgap of ZnS-Si02-2 (4.4eV) 

(Fig. 3.5.2). In the other two ZnS-Si02 nanocomposites (ZnS-Si02-1 and ZnS-Si02-3), the 

bandgap were calculated to be around 5.1eV and 5.2eV. When the concentration of TEOS was 

increased twice or decreased by half during the synthesis of nanocomposites, the bandgap of 

ZnS-Si02 nanocomposites is increased from 4.4eV to 5.2eV. The band gap of bulk ZnS is 3.7 eV 

[49].  
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200 	 300 	 400 	 500-  
Wavelength(nm) 

Fig. 3.5.1 DRS spectra of (a) pure ZnS, (b) ZnS-SiO2-1, (c) ZnS-SiO2-2 and (d) ZnS-Si02-3. 
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Fig. 3.5.2 DRS spectra of (a) pure ZnS, (b) ZnS-Si02-1, (c) ZnS-Si02-2 and (d) ZnS-Si02-3 
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3.6 Photoluminescence spectra of ZnS nanoparticles and ZnS-SiO2 
nanocomposites: 

Fig. 3.6.1 shows the photoluminescence spectra of pure ZnS nanoparticles and ZnS-Si02 

nanocomposites with different Si02  ratios, "i.e. ZnS-Si02-1, ZnS-Si02-2 and ZnS-Si02-3. The 

photoluminescence spectra were recorded with an excitation wavelength of 325 nm at room 

temperature. The emission spectra show the maximum intensity at 421nm in sample d (ZnS-

Si02-3) caused by. sulphur vacancies. In sample a (pure ZnS), the peak around 389 nm is 

attributed to zinc vacancies [50]. 

!! 

R 

 

b 

 

a a C 

 

e 

400 	 500 
Wavelength(nm) 

Fig.3.6.1 PL spectra of (a) pure ZnS, (b) ZnS-SiO2-1, (c) ZnS-Si02-2, (d) ZnS-Si02-3 and (e) ethanol. 
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Fig. 3.6.2 shows the photoluminescence spectra of ZnS-Si02 nanocomposites with different 

Si02 ratios calcined at 400°C. In case of samples ZnS-Si02-2 and ZnS-Si02-3, the PL intensity 

decreased in comparison to the nanocomposites before calcination. In the case of sample ZnS-

Si02-1, the PL peak at about 464 nm is intense. The band around around 365 is due to the 

solvent (methanol). The band around 389 is due to zinc vacancies. 

200 

a a 

v 
400 	 500 	 600 

Wavelength(nm) 

a 

Le 

Fig. 3.6.2 PL spectra of (a) ZnS-Si02-1, (b) ZnS-Si02-2 and (c) ZnS-Si02-3 after calcination at 400°C. 
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Chapter 4 

Mn 'doped ZnS-Si02  
Nanocomposites 



CHAPTER 4 

Mn DOPED ZnS-Si02  NANOCOMPOSITES: 

4.1 XRD analysis of Mn doped ZnS-Si02  nanocomposites: 

Fig. 4.1.1 shows the XRD patterns of ZnS-Si02 nanocomposite ZnS-Si02-2 and Mn doped ZnS-

Si02 nanocomposites with variable Zn:Mn molar ratios. In the XRD patterns, there are three 

diffraction peaks corresponding to (111), (220), (311) reflections of cubic crystalline ZnS [35]. 

The crystallite size of Mn doped ZnS-Si02 nanocomposites with variable Zn:Mn in molar ratios 

was calculated as about 1.4 nm whereas the crystallite size of ZnS in ZnS-SiO2-2 nanocomposite 

was calculated as 1.8 nm. 

Fig. 4.1.2 shows the XRD patterns of Mn doped ZnS-Si02 nanocomposites with variable Zn:Mn 

molar ratios after calcination at 400°C. The crystallite size of calcined samples increased to 2.9 

nm as compared to 1.4 nm for the samples before calcination. 
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29 

Fig. 4.1.1 XRD patterns of (a) pure ZnS, (b) ZnS-Si02-2 and Mn doped ZnS-Si02 nanocomposites 

(al, a2 and a3). 

Where al, a2, a3 are Mn doped ZnS-Si02 nanocomposite with Zn:Mn (98:02, 95:05, 

90:10) molar ratios. 
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Fig. 4.1.2 XRD patterns of Mn doped ZnS-Si02  nanocomposites (al, a2 and a3) calcined at 400°C. 



4.2 FE-SEM images and EDXA analysis of Mn doped ZnS-SiO2 

nanocomposites: 

Fig 4.2.1 shows the FE-SEM images of Mn doped ZnS-Si02 nanocomposites with different 

Zn:Mn (98:02 , 95:05, 90:10) molar ratios. In the images of nanocomposites with Zn2+:Mn2+ 

95:05 and 90:10 molar ratios, the nanoparticles are spherical in shape and agglomerated whereas 

in the case of the nanocomposite with Zn2+:Mn2+= 98:02 molar ratio, the nanoparticles are with 

irregular shape. 

Fig. 4.2.2 shows the FE-SEM images of Mn doped ZnS-Si02 nanocomposites with different 

Zn:Mn molar ratios (98:02 , 95:05, 90:10) after calcination at 400°C. The morphology of 

calcined samples are almost same as that of as prepared samples. 
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[Zn2+:Mn2+]= 98:02 	 [Zn2":Mn2+]= 95:05 

[Zn2+:Mn2+]= 90:10 

Fig. 4.2.1 FE-SEM images of Mn doped ZnS-SiO2 nanocomposites with different Zn:Mn molar ratios. 
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Fig. 4.2.2 FE-SEM images of Mn doped ZnS-Si02  nanocomposites with different Zn:Mn molar 
ratios after calcination at 400°C 

The EDXA patterns of Mn doped ZnS-Si02 nanocomposites with the lowest loading level and 

the highest loading level of Zn2+:Mn2+  molar ratios confirmed the presence of Mn, Zn, S, Si and 

0 elements with different weight and atomic percentages (Figures 4.2.3 and 4.2.4). 
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Fig. 4.2.3 EDXA data of Mn doped ZnS-Si02 nanocomposite with Zn2+:Mn2+ molar ratio of 98:02 
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Fig. 4.2.4 EDXA data of Mn doped ZnS-Si02  nanocomposite with Zn2+:Mn21  molar ratio of 90:10 
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4.3 FT-IR spectra of Mn doped ZnS-Si02  nanocomposites: 

Fig. 4.3.1 shows the FT-IR spectra of ZnS-Si02-2 nanocomposite and Mn doped ZnS-Si02 

nanocomposites with different Zn2+:Mn2+  (98:02, 95:05, 90:10) molar ratios. The band around 

1065 cm' is assigned to Si-O-Si asymmetric stretching where as the band at 791 cm' is due to 

Si-O-Si symmetric stretching and the band at 460 cm'' is due to Si-O-Si bending [44]. The band 

at 619 cm'' is assigned to Zn-S stretching. The band around 3330 cm-' in the case of ZnS-Si02-2 

and the band around 3430 cm in the case of Mn doped ZnS-Si02 nanocomposites are due to O-

H stretching. The band around 1402 cm' is due to OH bending [45, 46]. 

4000 3500 3000 2500 2000 1500 1000 500 

Wave number (cm-') 

Fig. 4.3.1 FT-IR spectra of (a) ZnS-Si02-2, and Mn doped ZnS-Si02  nanocomposites (al, a2 and a3). 



4.4 Thermal gravimetric analysis of Mn doped ZnS-SiO2  nanocomposites 

Fig. 4.4.1 shows the TGA patterns of ZnS-Si02-2 and manganese doped nanocomposites (al, a2 

and a3). In Mn doped ZnS-Si02 nanocomposites, the initial loss in weight around 100°C is due to 

moisture present in the material [50]. The TGA curves of Mn doped ZnS-Si02 nanocomposites 

are similar to that of ZnS-Si02 nanocomposites (figure 3.4.1). 
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Fig. 4.4.1 TGA patterns of (a) ZnS-Si02-2 and manganese doped ZnS-Si02 nanocomposites (al, a2 and a3) 
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4.5 DRS spectra of Mn doped ZnS-SiO2  nanocomposites:. 

Fig. 4.5.1. shows the diffuse reflectance spectra of ZnS-Si02-2 and Mn doped ZnS-Si02 

nanocomposites with different Zn2+: Mn2+  molar ratios. The calculated bandgap of Mn doped 

ZnS-Si02 nanocomposites with the loading level of Mn (i.e. Zn2+  : Mn2+  = 95:05) is 6.2eV 

whereas in the cases of lowest and highest loading level of Mn ( i.e. Zn2+: Mn2+  = 98:02 and 

90:10), the bandgap was estimated to be about 7.4 eV (Figure 4.5.2). The bandgap of Mn doped 

ZnS-Si02 nanocomposites with different Zn2+: Mn2+  mole ratios are higher than the ZnS-Si02 

nanocomposites with variable Si02 ratios. The bandgap in ZnS-Si02 nanocomposites varies from 

4.4 eV to 5.2 eV. 

The crystallite size . of ZnS in ZnS-SiO2 nanocomposites and Mn doped ZnS-Si02 

nanocomposites is decreased in comparison to pure ZnS. The increase in the bandgap in the case 

of ZnS-Si02 nanocomposites compared to pure ZnS nanoparticles is attributed to the smaller 

crystallites in the case of nanocomposites. 
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Fig. 4.5.1 DRS spectra of (a) ZnS-Si02-2 and Mn doped ZnS-Si02 nanocomposites (al, a2 and a3). 
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Fig. 4.5.2 DRS spectra of (a) ZnS-Si02-2 and Mn doped ZnS-Si02  nanocomposites (al, a2 and a3). 
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4.6 PL spectra of Mn doped ZnS-,Si02  nanocomposites: 

Fig. 4.6.1 shows the photoluminescence spectra of Mn doped ZnS-Si02 nanocomposites with 

different. Zn2+:Mn2+  molar ratios. The photoluminescence spectra were recorded at an excitation 

wavelength of 325 nm. There are five emission bands located at about 362 nm, 389 nm, 469 nm, 

506 nm and 565 nm. The band around 362 nm is assigned due to the impurity in methanol which 

was used as the solvent during the measurements. The band around 389 nm is assigned due to 

zinc vacancies in al, a2 and a3 samples whereas the band at 469 nm is caused by sulphur 

bondings [48]. The PL at about 506 nm occurs as the electrons are transmitted from the energy 

level of sulfur vacancies to the energy level of zinc vacancies [47, 52]. The PL peak around 565 

nm is assigned as emission due to Mn2+  doping in ZnS-Si02  nanocomposites [47]. 

Fig. 4.6.2 shows the photoluminescence spectra of Mn doped ZnS-Si02nanocompoisites with 

different Zn2+:Mn2+  molar ratios after calcination at 400°C. The PL spectra were recorded using 

325 nm as the excitation. Same emission bands are observed as in the case of uncalcined samples 

but they are shifted towards blue [45, 47]. 
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Fig. 4.6.2 PL spectra of manganese doped ZnS-Si02 nanocomposites (al, a2 and a3) calcined at 400°C 
and the spectrum of methanol (a) is also shown 
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CHAPTER 5 

CONCLUSIONS: 

ZnS-Si02 nanocomposites with different Si02 ratios and Mn doped ZnS-Si02 nanocomposites 

with different Zin2+:Mn2+  molar ratios were synthesized by a simple sol-gel method. It was found 

• that the crystallite size of ZnS in ZnS-Si02 nanocomposites and Mn doped ZnS-Si02 

nanocomposites is decreased in comparison to pure -ZnS nanoparticles. The structural and 

elemental analysis was carried out by ' powder X-ray diffraction and energy dispersive X-ray 

analysis. The optical properties of the -synthesized ZnS-Si02 and Mn doped ZnS-Si02 

nanocomposites were studied by diffuse reflectance spectroscopy and photoluminescence 

spectroscopy. It was found that the band gap of Mn doped ZnS-Si02 nanocomposites is higher in 

comparison to pure ZnS nanoparticles and ZnS-Si02 nanocomposites. 
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