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Historically, light was a centre of interest for numerous inquisitive people: the philosophers who were interested in its nature and the scientists who wanted to interpret its associated phenomena. Optics is playing a pivotal role in many of our day to day applications.

The refractive index is one of the most significant parameters in photonics. An increase in the efficiency of the photonic devices, like Light Emitting Diodes, Solar Cells, etc., can be achieved by reducing the refractive index mismatch of materials used in the optical devices. This thesis throws some light into the tailoring the refractive index of materials, by giving detailed aspects of refractive index and engineering of the refractive index using polymer nanocomposite. This introductory chapter evolves into a wider discussion on the refractive index and the types of refractive index and the potential leverage that can be obtained by engineering the refractive index. Polymer thin films were prepared and the nanoparticles were introduced so as to modify the refractive index. Similarly, thick polymer films were prepared using PMMA and Polystyrene and these were utilized to optically and morphologically characterize the prepared samples. Multiple methods have been utilized to prepare the polymer films. Ultra thin polymer films were also prepared using the spin coating technique and later the thickness of the polystyrene film was changed so as to understand its impact on the refractive index.

There were multiple challenges to overcome while carrying out the research like the preparation of ultra pure substrate, uniformity in the prepared polymer thin film, adherence of the polymer thin film on to the substrates after solvent casting etc. All the challenges were overcome using the innovations, which are detailed in the thesis.

Chapter 1 Introduction Abstract

The refractive index is one of the most significant parameters in photonics and have significant impact on day to day life. This introductory chapter evolves into a wider discussion on the refractive index and the types of refractive index and the potential leverage that can be obtained by engineering the refractive index. Leading up to this is a summary of basic aspects of light and its interaction with materials .Polymer nanocomposites are used in various optical applications, with the engineering of refractive index application being utilised in many cases. This is the case in this study too. Polymer thin films were prepared to and the nanoparticle were introduced so as to modify the refractive index. Similarly, thick polymer films were prepared using PMMA and Polystyrene and these were utilized to optically and morphologically characterize the prepared samples. 

Introduction

Historically, light was a centre of interest for numerous inquisitive people: the philosophers who were interested in its nature and the scientists who wanted to interpret its associated phenomena. In antiquity, the Egyptians attempted to discover the mystery of light and to know its structure. From a philosophical point of view, their attempts were fruitless. However in practice, they implemented impressive mechanisms mainly based on reflection.

The Greeks also attempted to decode the enigma of light and considered it a continuous phenomenon propagating in the form of a substance current called the "visual ray". Nevertheless, based on the work of the Egyptians, they established rules for light deflection. One of the most impressive legacies of the Greeks in optics is the mirror of Archimedes. Aristotle, interested in the sensation in general, refused to admit the existence of the visual ray and believed in the analogy between light and sound, whose vibratory nature was already known.

In the XI th century, the thesis of the visual ray was definitively abandoned by the Iraqi Ibn Al-Haytham, whose work revolutionized the optics. He detached optics from its philosophical envelope and embedded it in the framework of physics and mathematical sciences. He dealt at length with the theory of various physical phenomena like shadows, eclipses, the rainbow, and speculated on the physical nature of light. Al-haytham"s optics entered Introduction 3 Spain in the XII th century and was adopted by Grossteste, who affirmed the analogy between light and sound and thoroughly investigated the matter of geometrical optics. After the contributions of the geometro-opticians, Snell and Descartes (photographs are shown in figure 1-1) studied the refraction phenomenon and stated that the speed of light is as high as the covered medium is dense. This hypothesis was contested by Fermat, who attributed indices to the media. Foucault in the XIX th century came out in favour of Fermat. This more modern progress still dealt only with geometrical optics which considered that the behaviour of light with respect to obstacles is expressed uniquely in terms of absorption, reflection or refraction.

However, in the XVII th century, Grimaldi, using a simple experiment, had observed the progressive transition between light and shadow and regarded the corpuscular theory, supposing the rectilinear propagation of light, as insufficient to explain such an effect. Despite Newton"s support of the corpuscular theory (He believed that the light propagation is a movement of Chapter 1 corpuscles that respects the rules of mechanics and notably that of the universal gravitation), Huygens advanced the undulatory theory based on Grimaldi"s observations. He explained Grimaldi"s observation by a purely intuitive postulation, in which he regarded light propagation as an incessant creation of elementary spherical light sources.

At the beginning of the XIX th century, after some experiments on the colours of thin plates, T. Young came to the conclusion that the interaction between light rays may produce darkness, thereby discovering a wonderful phenomenon which he called "interference". Like Huygens, Young supported the undulatory theory. He also developed an elegant technique to handle refraction. His belief in the analogy between light and sound lead him to state that light vibration is longitudinal.

The famous A.Fresnel was of the same opinion. However he considered that Huygens" postulation did not explain the nonexistence of waves that have the same specifications propagating backwards. He combined Huygens " Principle of the "envelope" building, with the interference principle of Young and, for the purpose of putting forward a coherent theory, he made some supplementary hypotheses on the amplitude and phase of the new elementary waves.

At the end of the XIX th century, G. Kirchhoff gave a deeper mathematical basis to the diffraction theory introduced by Huygens and Fresnel, and considered Fresnel"s hypothesis as a logical consequence of the undulatory nature of light. Kirchhoff"s work was subjected a few years later to criticisms made by Sommerfeld, who considered the Kirchhoff formulation as a first approximation. He advanced with Rayleigh what was later called the "Rayleigh-Sommerfeld diffraction theory". Hence, a supplementary phenomenon called "diffraction" is added to those concerning the behaviour Introduction 5 of light when coming across obstacles, namely absorption, reflection, refraction, diffusion and dispersion. Sommerfeld defined this phenomenon conveniently as follows:

"Diffraction is any deviation of light rays from the initial path which can be explained neither by reflection nor by refraction".

The optical region of the electromagnetic spectrum, corresponding to wavelengths in the visible, near infrared or ultraviolet spectrum, has long been considered attractive for communications. The frequency of the light allows for high signal modulation frequency and consequently to high transmission speed.

In 1880, G. A. Bell patented an air-based optical telephone called "Photophone", consisting in focusing sun light on the surface of a flat mirror vibrating with sound. The light was then sent to a detector of selenium coupled to a telephone receiver. A few later ideas were also patented, one of them in Japan even suggesting quartz as a transmission medium. In the 1950"s, however, very few communication scientists, considered optical communication as a viable concept. 120 years ago, G. Marconi and K.F. Braun were awarded the Nobel prize "in recognition of their contributions to the development of wireless telegraphy". 60 years ago, electronic and radio communications were in rapid expansion.

The first transatlantic cable was installed in 1956 and satellites would soon allow even better coverage. The first communication satellite was launched in 1958. Research in telecommunication concentrated mainly in shorter radio waves, in the millimeter range, with the aim to reach higher transmission Chapter 1 speeds. These waves could not travel as easily in air as longer waves, and the research focused on designing practical waveguides. good image transmission properties [1] [Nature 173, 39 (1954)], combining the fibre bundle technology with cladding, some applications, in particular the gastroscope. The refractive index of the core is slightly higher than that of the cladding. Typical dimensions are 10 or 50 micrometers for the core and 125 micrometers for the fibre. In addition, a protecting plastic "buffer" is placed around the fibre went all the way to industrial production. The theory of light propagation into fibres was described by N.S. Kapany Global communication, and in particular internet and long-distance telephony, is now based primarily on optical fibre technology. As pointed out above, the main advantage of optical waves compared to radio waves is the high frequencies that allow high data transmission rate. Nowadays, several terabits per second can be transmitted in a single fibre which represents an increase by a factor of one million to what could be achieved fifty years ago with radio signal transmission. The number of optical fibre cables being installed all over the world is increasing rapidly. Fibre optics has also been important for a huge number of other applications, in medicine, laser technology and sensors. An interesting example of the use of fibre-optic communication in science is the advanced fibre optics network developed at the Large Hadron Collider at CERN in Geneva that will transfer large amounts of information obtained by the particle detectors to computer centres all over the world.

Photonics

Light is primarily used for illumination and some of the common optical devices/elements are spectacles, mirrors, microscopes, magnifiers, telescopes etc. Light is built out of photons, which are quantum mechanical and relativistic particles, light shows both wave and particles nature in the sense Chapter 1 of our understanding in the macroscopic level. Light moves with the maximum possible speed. The electromagnetic field of photons oscillates much faster than that is possible for electrons, as electrons as massive when compares to the mass less photons. Some applications of the photonics is mentioned in Figure 1.3 Refractive Index of some of the common materials is given below in For normal dispersion, < 0, refraction at shorter wavelength is more, as it can be demonstrated from Huygens principle.

In anomalous dispersion, > 0, the refraction at higher wavelength will be more.

In the range of absorption, the conventional refractive index increases with wavelength of light and this is called anomalous dispersion.

Velocity of a mixture of light is called as group velocity, which is given as

C g = C p -λ Group refractive index n group = n (λ) -λ Law of refraction n 1 sin  1 = n 2 sin  2
This is the very important law of refraction, the physical consequences of which has been studied at least on record, for over eighteen hundred years ago.

On the basis of some observations, Claudius Ptolemy of Alexandria attempted unsuccessfully to derive the expression. Kepler nearly succeeded in deriving the law of refraction in his book "Supplements to Vitello" in 1604. Unfortunately he was misled by some error data So n 2 = tan  B As Brewster"s angle can be determined precisely, the refractive index can be measures using this method and this form the basis of ellipsometery technique, which is being used to measure the refractive index of thin films.

A brief history of refractive index

Refractive index is one of the main factors in determining the material for where are the present day necessity required a higher refractive index materials. This can be overcome by the new generation of polymers, specifically, High Refractive Index Polymers (HRIP) [3][4][5][6]. The common possible polymers for these type of applications are Sulfur-containing polymers, halogen containing polymers, Phosphorus containing polymers, heteroaromatic polymers, organic-inorganic hybrid polymers. Out of these, most of the HRIP have their own limitations, like stability, environmental issues etc. This leads to a case where, the organic-inorganic hybrid polymers attain significance. The incorporation of inorganic nanoparticles in to the organic medium could enhance the refractive index to a considerable amount. We could tailor the refractive index. This class of materials have enhanced mechanical, thermal, optoelectronic propertied compared to the Chapter 1 other class of materials mentioned above. One of the areas where refractive index engineering will be very useful is the area of Light Emitting Diodes ( LEDs) [7,8]. The major hindrance in the Light Emitting Diodes is the light getting trapped inside the high refractive index semiconductor where the light evolves or is created [8]. This causes a great concern in this energy cautious era where people look for more lumen per watt of power used for the lighting segment. In order to attain better efficiency in this area, refractive index engineering is the solution.

Refractive Index in detail

One of the most basic electromagnetic phenomena is the bending of the electromagnetic beam. A beam of radiation, be it visible light or invisible radiation, when incident on interface of two materials at any angle, the transmitted beams" direction is altered by parameter related to the index of refraction of the materials. In the case of Snell"s law, the prime requirement is that the phase of the transmitted and incident beams need to be identical at the interface. Thus a refracted ray is bent towards the normal, while it enters a material from air. Nowadays, newer materials have been developed in which a beam could bend away from the normal, while it enters a material from air. The phenomenon of refraction forms the basis of imaging and lenses. Any infinitesimally small change in the refractive index of a material from its environment can alter the ray of light. Lenses can be designed to focus or steer radiation for a plethora of applications over a wide range of wavelength. The modification of the refractive index along with subsequent preservation of the transmittance is one of the major challenges in the design of nanocomposites.
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There has been several reports on Titanium dioxide nanoparticles (TiO 2 ) for enhancing refractive index [9]. This is because TiO 2 nanoparticles have a high refractive index (n  2.45 and 2.7 for anatase and rutile phase, respectively) and a very low absorption coefficient in the visible range [10].

So many works has also been reported with Zirconium dioxide nanoparticles and semiconducting nanoparticles as ZnS or PbS [11].

Types of refractive index

Conventionally, there was only positive refractive index in the existence, but the recent developments have thrown some light into the negative refractive index and zero refractive index [12][13][14][15]. The fast progress can be related to achieving materials with improved versatility, ease of integration, enhanced as well as controlled properties. Engineering of polymer matrices to get tailored optical, mechanical, and thermal properties have received considerable momentum in the last few decades.

Composite material is a multi-phase system in which we have a matrix and a reinforcing material. Matrix material is a continuous phase, which can be metal, inorganic non-metallic matrix or polymer matrix. Reinforcing material is a dispersed phase, usually fibrous materials such as glass fibre, organic fibre etc.

Polymerization of thin films using plasma polymerization technique has been well studied. The preparation methodologies, its characterization techniques, has been studied systematically by Shi et.al., which also throw light into the proposed applications in the optical and electrical industry [16]. In another study, the advances in the preparation of the organic thin film transistors, were closely monitored and reported. The pioneering works leading to the transparent, transistors [17].Polymer thin films were not only limited to the electronics industry, but they also found potential application in the biomedical industry, the use of electro spinning technique, is being used in preparation of polymer thin films which find wide spread application in the bio-medical industry [18].Apart from the other applications, polymer thin films were designed to prepare bistable switching devices, with metal polymer metal junctions, prepared using the technique of glow discharge polymerization [19].

Light reflection from multiple surfaces are often considered to be hazardous to the users. Though the anti-reflection coatings are used, they are either too expensive or perform much lower quality. In a study, the researchers have come up with photo patterning technology, to reduce the reflection from the surfaces, resulting in the micro or nano corrugated surface topologies, on the polymer surfaces, making them ideal for applications were optical birefringence exceeds the birefringence of the polymer, leading to the efficient Liquid Crystal Devices [20]. All these aspects looked in to the application of the polymer thin films for multiple applications, but the thin films are also subjected to problems like dewetting, which was studied and analysed by Reiter in a landmark article [21]. Thin polymer films undergo dewetting when annealed beyond the glass transition temperature and the process of the dewetting in detail was reported. It has also been assumed that the glass transition temperature of the polymer thin films is just dependent on the interaction between the polymer and the substrate, but another study by Tsui et. al. had found that the glass transition temperature is dependent on the thickness of the polymer film also [22].

Chapter 1

Polymeric materials have evolved and its now the era of polymer blends, block co polymers etc. The difference in the chemical nature of the constituent polymers gives rise to the change in the morphology of the polymers. This has also lead to the segregation of the specific functional components of the materials in specific polymeric phases leading to an enhanced productivity of the polymer composite. The interface between the surfaces, be it polymer polymer interface or polymer metal interface plays an active role in the application of the polymer comoposite for specific applications. For example, the interface between a polymer and metal can act as a potential barrier for the charge carriers , where as the interface between two conductive polymers may lead to the formation of a continuous charge carrier way , but with a co continuous morphology. The proper understanding on to these minute aspects has lead to the preparation of better composites and polymeric systems [23].

Water purification has been one of the main concerns of the 21 st century.

One of the approach to purify water from the heavy metals is to engineer the surface of the porous polymer films to as to have an affinity for a particular toxic element and thus the polymer thin films can efficiently trap and filter out the toxic heavy metals . Thus apart from the electronic and biomedical aspects of the polymer thin films, these can be used for water purification application also [24].

Polymers preferable, for wearable electronics, are generally stretchable materials. The conventional polymers, upon stretching, looses it charge transport mobility and thus leading to the formation of increased resistance to the flow of charge carriers. But to solve this issue, the nano confinement
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of the polymer films can enhance the strechabiltiy of the polymer films without having an effect on the charge transport properties of the films [25].

The changing paradigm from normal polymers to solvent resistant polymers has led to the formation of crosslinkable polymer films, wherein the conjugated polymers were obtained by statistical co polymerization of monomers. The formation of Hydrogen bonded crosslinked polymer network resulted in the formation of highly crosslinked polymer films which were resistant to solvent leaching [26].

Scaling of macroscopic materials to small dimensions, say for nanometre dimensions, has evolved into a greater reality. The field of nanotechnology has inspired the development of new surfaces with promising optical properties for the development of materials with fine-tuned refractive index which have wide applications in daily life, industries, and military purposes.

The significant advantage of nanotechnology is the increase of functionality.

This is because nanomaterials have properties which are entirely different from the bulk. By introducing nanomaterials into a polymer matrix, the resulting polymer nanocomposites will have the advantages of polymers and the functionalities of the nanomaterials, resulting in novel materials for diverse applications. Polymer nanocomposites have small amounts of nanometre size fillers that are homogeneously dispersed in the polymer matrix [27]. In the efforts to produce polymer composites, the introduction of fillers like nanoparticles is useful in different ways. Several micro & nano scaled architectures can be fabricated from polymers using techniques like spin coating, dip coating, in situ polymerization etc. Over the various techniques, spin coating and solvent casting has been considered as a versatile alternative which needs less time for fabrication.

Chapter 1

Polymer nanocomposites fabrication techniques

The preparation techniques of nanocomposites present challenges due to the control of elemental composition and stoichiometry in the nanophase [28].

The final properties of the polymer nanocomposites is affected by the (1) process used of fabrication, (2) the properties of nanoparticles, (3) degree and nature of mixing of two phases and (4) nature of interface developed at the matrix interface.

Solvent casting

Solvent casting is a conventional and rapid technique for the fabrication of free standing films. Here the nanoparticles are either suspended or dissolved in a solution of polymers in a volatile solvent, like water or chloroform.

Additionally plasticizers can also be added based on the specific requirement. The solution is then poured into glass petridish or flat plate.

Then the sample is kept for drying in oven or at room temperature. The dried films are then peeled off from the glass plate and stored in vacuum sealed covers. increasing PMMA concentration and also with exposure to UV radiation for 24 hours. This could be due to increase in localized density arising from photoinduced cross linking [31].

1.7.1.2.Spin coating

In the simplest form, spin coating is a facile method of thin film deposition.

The first step is preparation of the polymer solvent system which is similar to Chapter 1

that in solvent casting. The material to be deposited usually polymer is dispensed in a suitable solvent and deposited onto the centre of the wafer.

The wafer is then spun at a high speed using a spin coating equipment. The thickness of the film is mainly determined by the spinning speed, surface tension, and viscosity of the solution. The solvent evaporates partially during the coating process. The fast evaporation can sometimes lead to problems with certain nanomaterials which need time to crystallize or self assemble. mechanical [35,36], electronic [37,38], and magnetic [39,40] properties. In particular, the need for optical materials with high refractive index and transparency in the fields of optical waveguides [41][42][43],ophthalmic
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lenses [34,[44][45][46], antireflection coatings, and adhesives for optical components is increasing.

Optical properties of spin coated P(VDF-TrFE-CTFE) and its blend with PMMA were studied using spectroscopic ellipsometry. Compared with P(VDF-TrFE-CTFE) film, the refractive index of the P(VDF-TrFE-CTFE)-PMMA blend was higher [47].

Poly(methyl methacrylate) (PMMA) is an attractive polymer for various applications ranging from sensors to optical lenses [48]. The main advantage of PMMA is its transparency which makes it preferred for applications that require good optical properties [49,50]. The percentage transmittance of PMMA is 90.5 and for its blends, the transmittance value lies in the range of 84.2% to 86.8%. PMMA is soluble in organic solvents like chloroform, toluene etc. and is a non-biodegradable polymer with good mechanical strength, less weight, good insulating properties etc.

Polystyrene is colourless and flexible and is used for optical applications [51]. ZrO 2 (zirconia) is a material of great technological importance, having good natural colour, high strength, transformation toughness, high chemical stability, excellent corrosion resisting material, and chemical and microbial resistance [52]. ZrO 2 is a wide band gap p-type semiconductor that exhibits abundant oxygen vacancies on its surface [53].

The high ion exchange capacity and redox activities make it useful in catalysis [54]. ZrO 2 is also an important dielectric material for potential application as an insulator in transistors in future nanoelectric devices [55].

Optical properties of nanoparticles

Focussing attention on interaction of light on particles in nanometre scale, the field of nanoptics has flourished greatly in the recent times. On the Deeper and specific focus should be laid on the interaction of light with a material. When light interacts with a material, there are three possible main effects: absorption, transmission, and reflection of light. The nanoparticles exhibit higher specific surface area, surface energy, and density compared to bulk materials. Hence introducing nanoparticles at even lower filler loadings will have tremendous effect on the physical, thermal and mechanical properties of the matrix [45]. Nanomaterials when combined with polymers have enhanced mechanical and optical properties (e.g. refractive index and coefficient of absorption) and find applications in light emitting diodes, solar cells, polarizers, lightstable colour filters, optical sensors etc. The also give rise to new characteristics like light emission [56]. The optical properties of nanoparticles have been investigated for various applications like UVfilters, bio imaging, photo thermal therapies, oxygen sensors etc [57]. Ceria nanoparticles have attracted much attention as luminescent material and material with high refractive index [58]. Ceria nanoparticles are highly biocompatible and hence several studies have focussed on the use of Cerium oxide nanoparticles as contrast agents for MRI [59]. It was observed that blending of PS and CeO 2 nanoparticles resulted in opaque films, whereas grafting of PMMA chains onto CeO 2 enhanced the transparency of the composite. This is because there is a strong refractive index mismatch between PS and CeO 2 particles. However when PMMA having lower refractive index than PS and CeO 2 is incorporated, the refractive index mismatch is nullified [61].

Cerium

Research Objectives & Scope

The research objective of this work is to prepare polymer nanocomposites with varying refractive indices. The transparency is one of the main bottle neck while preparing the polymer nanocomposites with higher refractive index. The addition of nanoparticles can hamper the transparency of the prepared thin films.

The primary motive behind this study is to find out feasible methods to prepare the polymeric nanocomposites with enhanced refractive index without affecting the transparency. The methods include preparation of the ultra thin polymer thin film and decorating the same with nanoparticles.

Its known that the refractive index mismatch can often lead to the loss of optical energy, due to the mismatch induced scattering. This loss has to be brought down. 

This inturn has applicability in multiple areas

Research Gap

The research gap identified in this area is regarding the scattering of the light when it traverses an interface with sharp refractive index. This can only be solved unless and until the refractive indices of the consecutive media can be tuned. This tunability in the refractive index was a gap area and this thesis has tried to address this issue by tailormaking the polymercomposites with specific refractive index.

A short review into the enhancement of the refractive index is given herewith. Polymer nanocomposites have found multifaceted applications.

Incorporation of Titanium Dioxide Nanoparticles, onto the polymers like PVA, PVP etc has transformed the role of the polymers to UV shielding materials. An enhancement in the refractive index of the polymer from 1.521 to 1.609 was observed upon incorporation of 10.5 vol % TiO 2 [62].

In another case, hybrid polymer films, of TiO 2 -Triethoxysilane capped polythourethane was prepared and an enhancement in the refractive index from 1.632 to 1.879 was obtained when the TiO 2 concentration was varied from 0 to 80 wt % [63].

Lead Sulphide polythiourethane nanocomposite was prepared by insity solid/gas reaction. The refractive index of the composite was varied from 1.57 to 2.06 upon varying the filler concentration form 0 to 67 wt% [64].

Surface modified TiO 2 nanoparticles were incorporated onto polymer matrix of poly(bisphenol-A and epichlorohydrin). The incorporation resulted in transparent , colourless, free standing thin films of the composite with a refractive index ranging from 1.58 to 1.81 upon variation of the nanoparticle content from 0 to 80 wt %. [65] The dispersion of the nanoparticles in a polymer matrix imparts the effectiveness of the polymer nanocomposite preparation. The use of polymer brushes to uniformly disperse the nanoparticles have lead to the need for use of high graft density of the particles so as to overcome the core-core attraction. The introduction of bimodal polymer brushes, when compared to the mono-modal polymer brushes have proved to be more practical in having an efficient dispersion of the nanoparticles in the polymer matrix. The uniform dispersion of the bimodal brush modified TiO 2 nanoparticles in PDMS has lead to the formation of transparent but high refractive index polymer nanocomposite [66].

Similarly, thiol capped ZnS nanoparticles were connected on to the molecular chains of the polythiourethane, so as to prepare a polymer nanocomposite, which was transparent but with high refractive index. An enhancement in the refractive index from 1.643 to 1.792 was observed upon addition of the ZnS nanoparticles [START_REF] Shokuhfar | The effect of cross linking density on the mechanical properties and structure of the epoxy polymers: molecular dynamics simulation[END_REF].

Chapter 1

Transparent and thermally stable phenyl hybrimer was developed using the siloxane networking reaction in the presence of Platinum catalyst, which can be used for the LED encapsulation. The formed composite has an refractive index of 1.56, with high transparency with resistance to the fading of the transparency due to the thermal degradation and aging [START_REF] Ton-That | Thickness of spin-cast polymer thin films determined by angle-resolved XPS and AFM tipscratch methods[END_REF].

Polymer nanocomposites have shown to be an effective contender for an enhanced refractive index system. But introduction of the nanofillers can affect the stability, shelf life and processability of the composite. An intrinsic high refractive index polymers are this preferred over the nanocomposite counterparts. The polymers containing halogen groups, phosphorous etc have found to be promising candidates as the intrinsic polymers with high refractive index [START_REF] Xue | Inhibition of dewetting of thin polymer films[END_REF].

Another study focussed on the preparation of the Poly(vinyl alchol) films doped with sodium doped dysprosium oxide nanofillers. The successful incorporation of the nanofillers onto the polymer matrix has lead to the formation of high refractive index PVA/Na 2 Dy 2 O 4 nanocomposites which has potential application for nanooptic and microoptic waveguiding applications [START_REF] Al Akhrass | Influence of progressive cross-linking on dewetting of polystyrene thin films[END_REF].

Research Methodology

The research methodology employed was to identify the main components which can solve the issues related the refractive index in optical systems.

The first scheme is to prepare the ultrathin polymer films via spin coating.

The second methodology was engineer the refractive index through various methodologies. This was followed by preparing the thicker films using spin coating, dip coating and solvent casting.The polymer films prepared were characterized using ellipsometry, atomic force microscopy (AFM), uv-vis spectroscopy, Fourier transform infra-red spectroscopy etc. The thicker films were characterized by the other optical and morphological characterization techniques also.

Design of the chapters of the thesis

The refractive index of the thin films is to increase upon the interaction with the nanoparticles. The engineering of the refractive index is the main contention of this research and the transparent polymer nanocomposite with enhanced refractive index is the main expected outcome. The thesis has been prepared in such a way as to demonstrate the evolution of the research problem. The materials and methods have been described in detail in chapter 2.Various modalities has been used to prepare the thin films and to decorate the thin films using nanoparticles. Chapter 3 compiles the results carried out with regard to engineering the surface of the polystyrene thin films using ceria nanoparticles. This chapter give the details regarding the 3 methods employed to achieve the refractive index enhancement.This chapter is exclusively dedicated to thin films and ultra thin films prepared using spin coating only. Chapter 4 give the details regarding the preparation and characterization of Polystyrene Zirconium dioxide nanocomposite thin films.

Thick films of polymer composites has its own advantages in terms of characterization. Chapter 5 describes about the preparation of Poly(methyl methacrylate) nanocomposite thin& thick films and its study of the optical properties. Chapter 6 describes about the challenges encountered, future prospects and conclusion of the thesis. 

Chapter 2 Materials and methods

Abstract:

This chapter deals with the different materials used in this research work, the protocols used during the experiment for preparing the polymer films and the techniques of characterization used and their basic principle 

Materials

As the thesis title suggests, the refractive index engineering was carried out using polymer nanocomposite. For the same, polymers and metal oxide nanoparticle were used. The details regarding each material are discussed below.

Polymers

The polymers such as poly (methyl methacrylate) (PMMA), polystyrene (PS), polyethylene glycol (PEG) have been used for the sample preparation.

Poly(methyl methacrylate) (PMMA)

Poly(methyl methacrylate) (182230), purchased from Sigma Aldrich with average M w ~120,000 by GPC was used for the experiments. The chemical structure of PMMA is given in Figure 2.1 below. Some of the important characteristics of the PMMA are given in Table 2. 

Solvents and other chemicals used

Sulphuric acid (H 2 SO 4 ) (98%), and hydrofluoric acid (HF) were purchased from Sigma Aldrich. Toluene was purchased from Merck Chemicals.

Toluene is a clear colorless liquid with a characteristic aromatic odor, it is also less dense than water and insoluble in water, hence floats on water.

Some of the basic characteristics of toluene is mentioned in Table 2-3.

Toluene is the simplest member of the class consisting of a benzene core which bears a single methyl substituent. It has a role as a non-polar solvent.

Toluene is used as solvent as it gets evaporated fast. 

Sample preparation methods

The samples were prepared using three different methods.

1. Dip coating 2. Spin coating

Solvent casting

In the case of dipcoating, the samples were prepared on glass substrates.

Silicon wafer and glass substrates were used to spin coat the samples. The solvent casting resulted in free standing thin films. Prior to the coating procedures, the samples were cleaned using standard techniques. The substrate preparation shall be discussed here.

Substrate preparation

The substrates used for dip coating was glass slides of 3 inch X 1 inch dimensions. The glass slides were cut vertically to a dimension of 0.5 inch X 3 inch. The substrates were subjected to soap solution wash, followed by acetone wash and later this was rinsed with alcohol before keeping it in hot air oven at a temperature of 50  C for drying for 24 hours. The glass slides used for spin coating were cut into 1 inch X 1 inch dimensions and is cleaned as before and annealed in the hot air oven.

The silicon wafers were used for spin coating was diced into individual pieces of dimensions 1 x 1 cm 2 . They were immersed in piranha solution, so as to remove any organic contamination. The basic step is shown in Figure The solvent casting was carried out in glass petri dish of dimension 90 mm diameter. The solvent casting in glass petri dish resulted in a polymer film, but the samples were sticky and difficult to be peeled off. The films could be peeled off only after two weeks of time. This difficulty was overcome by casting the film in custom made moulds of OHP ( Polyester) sheets. This resulted in easy peel off of the polymer film from the moulds, in 24 hours post casting, resulting in a smooth polymer films.

Piranha solution

Piranha solution is prepared by mixing two parts of concentrated sulfuric acid and one part of 30 % hydrogen peroxide solution [1]. After the treatment, the substrates were rinsed with Milli-Q water (of resistivity ~ 18.2 M cm) and were dried. The oxide layer on the wafers was removed using hydrofluoric acid (HF) treatment. HF treatment was carried out by immersing the silicon substrates in 5 % HF solution for 5 minutes, prior to spin coatings. The piranha treated samples are immersed Milli-Q water during the process of carrying it to the next stage of treatment. The hydroxyl groups are formed on the substrate surface as a result of piranha treatment.

The HF treatment results in the removal of the native oxide layer on the surface of the substrate. The spin coating is carried out as soon as the HF treatment is over so as to prevent any formation of native oxide layer.

The HF treatment is performed by immersing the clean wafers with a native oxide in 5% HF for 5 min. We did the HF treatment of the wafers after its piranha/ RCA treatment. As the acid can corrode the glassware, a Teflon beaker is used for this process. The details are discussed below Materials and Methods……….
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 In the first step, the wet-chemical oxide is dissolved by HF molecules, forming SiF 6 2-ions in solution  The second major step is the etching of the last monolayer of Si 2+ , which is bonded to the bulk material  Finally, a hydrogen passivated silicon surface is obtained Thus with HF treatment, the oxide layer is removed forming H-terminated hydrophobic substrate.

Solution preparation

The first step in the sample preparation is the synthesis of the polymer nanocomposite solution. For the first stage of work, that is the preparation of ultra thin films, the PS of concentration 5 g/ L and20 g/L was prepared in toluene. In the case of thicker films, the 0.5g of PMMA was weighed using a highly sensitive weighing balance. The polymer was dissolved in 30ml of toluene and the resultant solution was stirred overnight until a uniform solution is obtained. The similar procedure was carried out for preparing the PS solution also. For the solvent casting, thicker films were necessary and the concentration of PMMA was increased. 1.25 g, 2.5 g and 3.75 g of PMMA was dissolved in 30 ml of toluene and it was kept for stirring overnight. This was used to prepare thick films of various thickness.

The choice of the solvent was based on considering two factors: Solubility parameter and the boiling point of the solvent. Toluene is the solvent whose solubility parameter matches with that of PS and that of PMMA. Also, being a solvent having a higher boiling point, leads to the slow evaporation of the solvent, resulting in smoother clear polymer film. The low boiling point solvents can evaporate faster, which lead to highly porous structure which 

Preparation of the polymer thin films

Different approaches were used to prepare the thin films. This was carried out to explore various possibilities in the preparation of polymer thin films with higher refractive index and with good transparency.

The first methodology was to prepare the thin films which are in the thickness range of around 10 nm -100 nm, using spin coating. Polystyrene films and its nanocomposites were prepared using this methodology. Cerium oxide nanoparticles were used as the filler in this case. The procedures are mentioned in the section 2.2.3.1-2.2.3.4

The second strategy was to prepare thin films using dip coating. PMMA and PS nanocomposite thin films with ZrO 2 nanoparticles as filler were used. The detailed procedure is stated in section 2.2.3.5
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This was followed by preparation of the thin films of PMMA and PS with ZrO 2 nanoparticles as filler, using spin coating process. The details are mentioned in section 2.2.3.6

The supported polymer films had some issues during characterization as the information or properties regarding the substrate, mainly glass used to be present in the measurements. In order to overcome this, the free standing polymer nanocomposite films were prepared using solvent casting process which is being described in section 2.2.3.7

A simple schematic of the preparation modalities detailed in section 2. 
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and kept aside for 24 h for better polymer dissolution. Prior to spin coating, the solution was filtered using a 200nm polytetrafluoroethylene (PTFE-Teflon) syringe filter and was spin coated onto the prepared substrate at a rotation speed of 2000 rpm for 60 seconds. The films were then annealed at 160  C for 24 h in a vacuum oven. Similarly, the thin films were prepared using polystyrene solutions with mass concentration 20g/L in anhydrous toluene. A representative image of the prepared thin film is shown in Figure 2.7(1).

Preparation of cerium oxide nanoparticle decorated polystyrene thin films

Polystyrene thin films were prepared and the deposition of nanoparticles on the thin film was the next hurdle. The polymer solution was prepared, with mass concentration of 10 g/L polystyrene in toluene. The solutions were prepared and kept aside for 24 h for better polymer dissolution. The solution was filtered before spin coating, with a 200nm PTFE syringe filter. It was then spin coated on the prepared substrate at a rotation speed of 2000 rpm for 60 seconds. The cerium oxide (ceria) nanoparticles dispersions (0.05 wt %)

were dropped over each prepared polystyrene thin film and was allowed to be adsorbed for 20s (100 µl droplet was used for each 1 x 1 cm 2 Si wafer).

To increase the NP adsorption density, 0.1M of NaNO 3 has been added in the solution to screen the inter NP repulsive interaction. The solution was then removed and the surface was rinsed with pure nitric acid of pH 1. for 24 h in a vacuum oven. The thin films were also prepared via dip coating. For this, the glass slides of dimensions 0.5 inch X 3 inch were connected to the dip coating machine and the dip coating was carried out using the dip coating machine from Prompt.

Here the cleaned glass substrate is mounted on the dip coater. The glass substrate is made to dip in the prepared polymer nanocomposite solution at a dip speed of 100 mm/min. The substrate is dipped in the solution for 10 s.

Then the dip coated samples are kept in hot air oven at a temperature of 50 o C for 12 hours to remove all the excess solvent in the samples. Also this can also enable the relaxation of the polymer chains leading to a much stable film. 

Atomic Force Microscopy

Contact Angle Studies

Chapter 2

NIR spectrophotometer. The scanning was carried out in the wavelength range of 300 nm-800 nm.

Ellipsometry

Ellipsometry is an optical technique that measures the change of polarization Spectroscopic ellipsometry measurements were carried out using J.A.

Woolam Co. Inc M-2000 spectroscopic ellipsometer with the help of complete ease software. The refractive index and thickness of the thin films is measured using the spectroscopic ellipsometer.

Atomic force microscopy (AFM)

The Essential components of the SEM include electron source (electron gun), electron lenses, sample stage, detectors, display/output devices and infrastructure requirements such as power supply, cooling system, etc.

Fourier Transform Infrared Spectroscopy (FT-IR)

An FTIR spectrometer (PerkinElmer Spectrum) was used to record the IR spectra of the polymer film in the range of 400-4000 cm -1 with the ATR mode of operation.

Chapter 2

In infrared spectroscopy, IR radiation is passed through a sample. Some of the infrared radiation is absorbed by the sample and some of it is passed through (transmitted). The FTIR spectrum gives information regarding molecular absorption and transmission which indirectly give the specific details regarding the molecular structure of the material in study.

Contact Angle Measurements

Contact Angle measurement is a technique to determine the wettability of the surface and to calculate the surface energy of the samples. The 'contact angle' is determined from the angle at which a liquid/vapour interface meets the surface of the material, the thin film in this research work. This is specific for specific interaction as it is influenced by the interface and interactions-solid/liquid, liquid/gas and solid/gas. Wetting of the surface is a result of the interaction of the molecules of the surface and the liquid, which is being dropped on to it. Extend of wetting depends on the surface tension of the surfaces involved so as to minimize the surface tension of the system.

This degree of wetting is described by the contact angle. Generally, the contact angles are categorized based on the interaction with water droplets as given in Table 2-4. 
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Contact angle measurements were carried out in a SEO Phoenix instrument.

Measurements were carried out with water (double distilled) at ambient temperature. The micro-syringe was used to drop the water on to the surface and the volume of water was consistently maintained as 5 µL. The contact angle was measured within 45-60 s of the addition of the liquid drop with an accuracy of +/-1. Measurements were repeated six to ten times with different test pieces of the same sample to check the accuracy. Also contact angles were measured with definite time intervals for a single drop and the measurements were recorded as snap shots. The development and advances in the photonic gadgets are becoming more dependent on the availability of new functional materials, as these devices are gaining much significance in the daily routine of common people in the form of sensors, light sources and energy harvesters. [1][2][3][4] There is a need for better lighting devices and this had lead to the emergence of light emitting diode (LED). Reducing the refractive index mismatch between the light emitter in the LED and the polymeric encapsulant can increase the light extraction from each LED and this in turn results in the energy efficiency of each LED resulting in ample amount of energy savings!.

Newer materials with high refractive index are necessary for the fabrication of optical waveguides, filters photonic crystals [5], etc. Most inorganic materials have high refractive indices, but it lacks some necessary properties like flexibility, and brittleness,.These aspects has lead the researchers to look towards organic materials, which have lower weight and have the ease of process ability with good flexibility and better impact resistance [6][7][8].

Also, polymers being recyclable make them environmentally more friendly alternative when compared to inorganic materials [9,10].

The organic polymers have lower refractive indices in the range of 1.4~1.6 at a given wavelength of 600 nm [11].

Due to the advancement in the Chapter 3 optoelectronic industry, high refractive index polymers with high transparency are in greater demand [7] where they are being used in ultrafast data transmission [8], advanced sensors [12,13], display devices, microlenses for imaging applications, biomedical applications [14,15] etc.

There are some polymers like poly(thiophene) and aromatic polyamides which have high refractive index values of 2.12 and 1.57-2.05 at a wavelength of 632 nm [14,[16][17][18][19][20]. But the difficulty in the preparation of these polymeric materials , and the tendency of some of these polymer to absorb visible light, higher optical dispersion and difficulty in dissolving the polymers make them not so beneficial for common practical application [5] Therefore, the development of high refractive index organic materials is the need of the hour.

However, the development of high refractive index organic materials with better optical properties is becoming pertinent and the preparation of these materials remains a challenge.

Polymeric thin films can be custom made to suit the requirements of the specific applications. Confinement effects on polymer thin films, especially ultra thin polymer films can be exploited to tune the refractive index.

Vignaud et al. have shown that it is possible to increase/decrease the refractive index of polystyrene(PS) and poly(methyl methacrylate)(PMMA) thin films by reducing the film thickness [21,22]. In a similar way, Huang reported the development of polymer metal oxide hybrid films, with tunable refractive index [23].

The refractive index of the polymer films can be altered by incorportaing nanoparticles into the polymer matrix and this opens up plethora of applications due to their improved thermal, optical, mechanical and

Refractive index engineering using polymer nanocomposites Jemy James 2019
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optoelectronic properties and simplicity in the synthesis [24][25][26][27]. The incorporation of high refractive index inorganic building blocks, for example, metal oxides and metal chalcogenide semiconductor nanoparticles becomes an effective way to alter the refractive index without diminishing the optical transparency [28,29].

Numerous studies have focused on the physical properties of polymer thin film nanocomposites [30][31][32][33][34][35][36][37]. The mobility and thermodynamic properties of polymer nanocomposites, when confined at nanometre length scales, differ greatly from properties in the bulk [30][31][32][33][34]. Regarding the optical properties, the recent article by Matsumoto and group mention about the development of colourless, transparent, high refractive index polymer composite films of polyvinyl alcohol (PVA) and tungstophosphoric acid (PWA) [38]. Highly transparent mesoporous polymer thin films were obtained by UV curing, in which the refractive index could be tuned by adjusting the filler content [39].

Krogman et al. demonstrated that it is possible to fabricate polymeric thin films of continuously tunable refractive index over a wide range by loading the film with varying concentrations of metal oxide nanoparticles [40].

Surface modified titanium dioxide nanoparticles were used to enhance the refractive index of the organic-inorganic hybrid film [41]. Preparation of multilayered films with variable refractive index can lead to the development of thin films with desired refractive index [42][43][44][45].

Polystyrene is one of the transparent polymers in the visible region and has a higher refractive index of 1.59 at a wavelength of 632 nm and is less expensive comparatively. Cerium oxide nanoparticles have a refractive index of 2.2 at a wavelength of 632 nm and are transparent in the visible region [46].
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In the present study, polystyrene thin films were prepared using spin coating and cerium oxide nanoparticles were incorporated in the polystyrene matrix through three different methods so as to increase the refractive index of the formed nanocomposite thin film.

Though there are polymers with high refractive index, the versatility and ease of processability of the polystyrene make it a unique choice for our experiment. The first technique for preparing the polymer nanocomposite was to deposit cerium oxide(ceria) nanoparticles onto the polystyrene thin film [22], the second method was to incorporate the ceria nanoparticle onto the cross-linkable polystyrene thin film [43], while in the third method functionalized ceria nanoparticles were bulk mixed to the cross-linkable polystyrene [47] and the composite solution was spin coated to prepare the thin film. The refractive index and the thickness of the prepared thin films were measured using ellipsometry and atomic force microscopy was used to understand the morphology of the thin films. The previously reported work on polystyrene ceria involved bulk mixing of the ceria nanoparticles into the polystyrene matrix [47,48]. The approaches towards surface deposition of the ceria nanoparticle for refractive index modification had not been commonly used and this article introduces these novel techniques to engineer the refractive index of polymer thin films.

Materials and Methods

Polystyrene (P10447-S), with a molecular weight of 135,800 g/mol, and a polydispersity index of 1.05, was procured from Polymer Source, Canada.

Azide terminated polystyrene, with a molecular weight of 15,000 g/mol and polydispersity index of 1. nanoparticles was maintained at a pH of 1.5, by balancing the electrostatic forces and the hydration interactions [49].

3.2.1.Substrate preparation

The silicon wafers were diced into individual pieces of dimensions 1 x 1 cm 2 . They were immersed in piranha solution, so as to remove any organic contamination. The details regarding the piranha treatment are available in the literature [50]. After the treatment, the substrates were rinsed with Milli-Q water (of resistivity ~ 18.2 M cm) and were dried. The oxide layer on the wafers was removed through HF treatment, where the samples were immersed in 5% HF solution for 5 minutes, prior to spin coating [51]. The Piranha treatment results in having hydroxyl groups on the substrate surface whereas the HF treatment removes the thin native oxide on the surface [22,50,52].

3.2.2.Sample Preparation

The polymer thin films sample preparation was carried out in various steps and different modalities were employed to prepare the samples as mentioned below. This was carried out to explore various possibilities in the preparation of polymer thin films with higher refractive index and with good transparency. A simple schematic of the preparation modalities is shown in figure 3.1. A spin coating machine, SPS Spin 150i, was used for coating the thin films. film get perforated [53]. It is not ideal for this kind of application as for ellipsometry, a smooth thin film is always preferable than a rough film. Also, the compatibility of toluene with PS is higher considering THF considering the Hansen's solubility parameter. THF also posses polarity which can affect the stability of the films [49]. (2) is a representative image of the samples prepared.

3.2.2.2.Preparation of cerium oxide nanoparticle decorated polystyrene thin films

Preparation of cross-linked polystyrene-cerium oxide nanoparticle thin films

Cross-linking is a process in which the individual chains of the polymers are linked to one another through initiating mechanism, be it chemical initiators or optical initiators [43,54]. Azide terminated crosslinkable polystyrene was used to prepare the polymer solution for crosslinking in which the solution had a mass concentration of 10 g/L polystyrene in anhydrous toluene (99.8%). The solution was prepared and kept aside for 24 h for better polymer dissolution. The solution was protected from external light by storing it in a covered container. The polymer thin films were prepared as mentioned before. After spin-coating, the thin films were cross-linked by UV curing (BioforcePro-Cleaner, λ = 365 nm, 460 µW cm -2 , the distance between sample and UV lamp = 8 mm) for 30 minutes followed by two hours of annealing at 180  C. 

Preparation of cross-linked polystyrene-embedded with modified ceria oxide nanoparticle thin films

There have been reports of cross-linked hybrid multilayer thin films from azido functionalized polystyrene and nanoparticles [43,55]. The cerium oxide nanoparticles were modified with MPS propyl methacrylate) by using the method mentioned elsewhere [56]. The capping of the ceria nanoparticles with MPS makes it more stable and less prone to agglomeration. The modified nanoparticles were mixed in the cross-linkable polystyrene solution of mass concentration of 10 g/L in toluene and the solution was kept aside for 24 hours in a covered container to protect it from light and for better polymer dissolution. The solution was filtered using a 200 nm PTFE syringe filter prior to spin coating. The spin-coated samples were UV cured for 30 minutes before annealing at 180  C for 2 hours.

Result and Discussion

The results of the experiments related to this chapter are mentioned below.

Four different modalities were employed to prepare the thin film

Analysis of the neat polystyrene thin films

The thickness and refractive index of the neat polystyrene thin films prepared using spin-coating was studied using ellipsometry. g/L in toluene was measured to be 455Ǻ and the refractive index was ascertained to be around 1.593 at 632 nm. The refractive index was found to be in agreement with that of reported literature [21]. As it is observed, the refractive index is found to increase with the reduction in thickness of the polymer film. An increase in the density correlated with a decrease of the PS film thickness is in line with previous experimental findings [21,22,52,57]. As mentioned earlier, the thinner films of the polymer were prepared by using less concentrated (10 g/L) polymer solutions. A schematic regarding this is shown in Figure 3. 

Analysis of the nanoparticle deposited polystyrene thin films

The polystyrene thin film was also prepared by spin coating the polystyrene solution of mass concentration of 10 g/L in toluene. Cerium oxide nanoparticles were dropped onto the thin films using the method mentioned earlier and the films were annealed. The scheme of the procedures used to deposit the ceria oxide nanoparticles is depicted in Figure 3.2. The annealing was carried out at 160 deg C for 24 hours so as to remove the entrapped solvent molecules [61]. In addition, fast solvent evaporation used in the spincoating process can lead to non-equilibrium conformations of the polymer chains. As a result, the chains are trapped in distorted conformations with a reduced degree of interchain overlap introducing residual stresses into the film. This might contribute to alter the chains dynamics [62].The annealing the thin film, well above the glass transition temperature leads to a relaxed polymer thin film [63].
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The thickness and the refractive index of the thin films were measured using ellipsometry and are shown in figure 3.5. The thickness of the samples dropped with ceria was found to be 567 Ǻ and the samples without ceria were found to have a thickness of 525.5 Ǻ. The refractive index of the neat samples as measured by ellipsometer was 1.59, whereas the ceria nanoparticles dropped polystyrene thin film had an enhanced refractive index of 1.612 and it is attributed to the presence of the ceria nanoparticles [64]. As it has been reported, a hybrid composite containing, an organic polymer and a high refractive index inorganic nanoparticle could achieve 1.38% higher refractive index value [9]. The AFM images of the polystyrene thin film sample with ceria nanoparticles dropped onto it is shown in Figure 3.6. The increase in the refractive index, as measured from ellipsometry is also justified by the presence of ceria nanoparticles as observed from the AFM images. shown in Table 3.1. In the case of AFM, a sharp scratch was made on the sample surface and the tip of the AFM was scanned perpendicular to the scratch to measure the thickness [START_REF] Ton-That | Thickness of spin-cast polymer thin films determined by angle-resolved XPS and AFM tipscratch methods[END_REF]. The cross-linked samples were more resistant to scratch when compared to the non cross linked samples when a scratch was made on the surface of the sample using a needle. A schematic of the process of reduction in the thickness of the crosslinked polystyrene thin film is demonstrated in Figure 3.8. Cross-linked 2 500 (0.9) 470

The stability of polymer thin films, on substrates, is of prime significance in the area of semiconductors, optoelectronic devices etc. In ultrathin films, typically thinner than 100 nm, the issue of film stability becomes important as these films often become unstable and tend to rupture and dewet following a variety of mechanisms such as spinodal dewetting engendered by the van der Waal's interaction, heterogeneous nucleation, and so on [66,[START_REF] Xue | Inhibition of dewetting of thin polymer films[END_REF]. By cross-linking the polymers, the strong physical interactions between the polymer chains increase the viscosity of the film and inhibit the dewetting process when the thin film is heated above the glass transition temperature or exposed to solvent vapour. The optical microscopic images of the films, Thin films of the azide terminated cross-linkable polystyrene with 10 g/L wt % in toluene was prepared and ceria nanoparticles were deposited on the thin film for 20 s before UV curing and subsequent annealing. Though there is a slight increase of the refractive index on cross-linking, the addition of the ceria nanoparticle resulted in 0.87% enhancement on the refractive index of the composite thin films. The refractive index increases due to the formation of the highly cross-linked network by a densification effect. The reduction in the distance between polymer chain leads to the reduction in the free volume which in turn resulted in the densification effect.
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Analysis of the cross-linked polystyrene-modified ceria thin films

The approach to prepare this nanocomposite is different from the earlier methods used. The surface modified ceria nanoparticles were dispersed into the polystyrene solution of toluene (10 wt% PS) and kept overnight in the dispersed state. The bulk mixing of the cerium oxide nanoparticles and the polystyrene have led to the better dispersion of the nanoparticles on the thin film. 

Conclusions

In this study, different modalities have been employed to enhance the refractive index of polystyrene thin film.

 The embedding of the ceria nanoparticle on the surface of the polystyrene thin film leads to an increase in the refractive index from 1.59 to 1.612.

 The use of cross-linkable polystyrene for the thin film preparation also has a significant role in protecting the polystyrene thin film, like Chapter 3

in the case where the samples interact with volatile solvents like acetone or toluene, while they are being used for commercial applications and while preparing multilayer thin films.

 The bulk mixing of the ceria nanoparticles, in a way, has led to a uniform dispersion of the nanoparticles throughout and this opens up the area of higher refractive index polymer nanocomposite with a higher filler concentration in a polymer matrix.

 The leaching of the base layers when multilayer coatings are prepared is a challenge and this could be overcome by the effective utilization of the cross-linking technique. The graded refractive index could be achieved by the multilayer coating with the subsequent variation in the concentration of the filler being added to the polymer matrix. This opens up a huge opportunity to engineer the refractive index thereby reducing the refractive index mismatch and thus leading to better energy efficient applications.

This work demonstrates that polymer thin films with higher refractive index could be prepared in a cost effective, efficient and reproducible manner in the future. This particular demonstration will be an effective platform for the refractive index engineering of polymer thin films with potentials for the photonics industry for the prospective applications. 

Introduction

Transparent and high refractive index inorganic-organic nano-composites have the potential to be used in a wide range of optoelectronic devices such as high refractive index materials, waveguide materials, non-linear optical materials, and photo-chromic materials. As optical materials applications are expanding, the need for novel optically functional and transparent materials increases. These needs range from high performance, all optical switches for future use in optical computing, to hard transparent coatings as protective or barrier layers. Researchers attempts to prepare inorganicorganic nanocomposites by incorporating inorganic nanoparticles, which have already synthesized, into a polymer matrix to synthesize transparent and high refractive index inorganic-organic nano-composites.

To increase the refractive index of the polymer matrix, nanoparticles with high refractive index are been added . Zirconium dioxide (ZrO 2 ) is an important transition metal oxide and finds wide applications in the field of catalysts, coatings, fuel cells, and sensors. ZrO 2 exhibit high melting point, thermal expansion coefficient and stability that enable its use in several other engineering applications.

To understand the context of this research, a survey of the research carried out in the similar area would be beneficial to the readers. Lu et al. prepared lead sulphide polythiourethane oligomer terminated with iso cyanide group, high refractive index polymer nanocomposite. The refractive index of the composites were measured to be varying from 1.57 to 2.06 when the nanoparticle concentration was varied from 0 to 67% [1].

Polystyrene ZrO 2 Nanocomposites..
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Pervo et al. used convective assembly to prepare coatings of silica nanoparticles on glass and silicon substrates. The optimization of the packing fraction resulted in a reduction of 88% reflectance , rendering it a potential candidate for anti reflection coatings [2].

PS and PMMA films were prepared using spin coating methods. MMA were doped with 45% diphenyl sulfoxide where doping above 30% increased the refractive index [3]. 
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removed resulting in a gradient of the polystyrene on the substrate resulting in a gradient of the polystyrene on the substrate resulting in a polymer film with gradually varying refractive index in a particular direction. This in turn has imparted the material as omni directional and broadband antireflection properties [12].

Jin et al. inspired from nature approached the engineering of the refractive index with a concept of layer by layer preparation with each layer having an incremental difference in the refractive index, resulting in a graded refractive index profile, which has an enormous impact like enhancing the focusing power and correction of aberration [13].

Budunoglu et al. prepared superhydrophonic aerogel thin films from organically modified silica aerogels. The porosity due aerogel structure rendered low refractive index to the structure. The lowering of the refractive index offers multiple application options for the samples like, self cleaning windows, prevention of snow accumulation on windows, windshields of vehicles, antennas etc, as the materials is superhydrophobic ( contact angle above 150 degree) and has lower sliding angle ( less than 10 degrees) [14].

Refractive index of natural materials is limited to 2-3 in the visible range.

Nano imaging and integrated photonics requires wider controllability of the refractive index. The controlling of the permittivity and permeability using nanoscale objects leads to the manipulation of the refractive index.

Controlling the inter object distance in the block co polymer has resulted in the enhancement in the refractive index up to 5, with the effective refractive index being about 3 for around 1000 nm [15].
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Lin et al, prepared fluorine free superhydrophobic surface by spray procedure, by using PMMA and PDMS was used as the ingredients. The low surface energy associated with the PDMS and the roughness attributed to the spraying of PMMA rendered the surface hydrophobic. A simple hot press technique was used to transform the material from hydrophobic state to hydrophilic state. This surfaces finds application in optical windows or windshields for vehicles, separation of oil and water, self cleaning etc [16].

Transparent and high refractive index polymer glasses were prepared using evaporative ligand exchange process. These kind of polymer glasses form the basis of new generation photonic devices , energy efficient lighting etc.

Enhancement in the refractive index is possible with higher loading of nanofillers, but this in turn can lead to agglomeration leading to the reduction in the transparency of the prepared composite. The approach employed was to tether the ZnO nanoparticles with poly(styrene-r-acrylonitrile) (PSAN).

This lead to an enhanced filler matrix interaction leading to better thermomechanical stability with enhanced optical transparency with higher refractive index. A refractive index of 1.64 was achieved at a filler concentration of 25 wt% [17].

Most of the focus in the research academia was to prepare films of high refractive index but Berman et al. prepared coatings with controllable thickness and with a lower refractive index using sequential infiltration synthesis. The refractive index of alumina film was reduced from 1.76 to 1.1 using the gas phase sequential infiltration synthesis [18]. This method of preparation was inspired from the eye lenses and this paves ways to create highly efficient artificial eye lenses [20].

Parlak et al. prepared pmma grafted cerium oxide nano particles and dispersed them in a polystyrene matrix. The grafting of the nanoparticles with PMMA paved the way for easier blending of the nanoparticles with the polystyrene matrix. The grafting of the ceria prevented the agglomeration of the particles, which otherwise would have resulted in the loss of transparency of the same [21].

Organic light emitting diodes or popularly known OLED are becoming the new generation lighting devices and displays due to their multiple properties.

The deficiency in the light extraction is a major hindrance in making these devices widely popular. In a conventional OLED, only 20% of the generated light is emitted.
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One of the reasons is total internal reflection which arises due to the refractive index mismatch between the layers. The issue arise due to the interface at two locations:

(1) Air glass interface nanocomposites have great potential to be used for corneal implants [26].

Weber et al. in their US patent describes about the inks for 3D printing to prepare graded refractive index materials for optical application. The ink contains a monomer and ligand functionalized nanoparticle. The nanoparticle has a size less than 100 nm and the polymer complex had a transmittance of more than 85% [27].
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Chen et al. reported the preparation of high refractive index WS 2 layers using atomic layer deposition technique. These films had a refractive index of 3.9 , and they also prepared photonic structures, 2D-photonic structure, and 3D structures similar to the inverse photonic crystals by coating the WS 2 on a layer of 3D photonic crystals of polystyrene bead template [28]. The resulting refractive index of 1.718-1.7204 with low birefringence value of 0.0106 @ 637nm with around 93% transparency at 550 nm makes it an ideal material for optical applications with an additional advantage of being thermally stable [32]. shows that there the samples even at a filler loading of 16% maintained a transparency around 90%. It is to be noted that , inspite of the added nanoparticles upto 16 % , the transparency of the film was still maintained.

The absorption spectra of the spin coated polystyrene zirconium dioxide nanocomposite thin film shows that even at higher filler concentrations, the samples are not absorbing much light in the visible spectrum. The higher transparency or transmission and low absorption makes them an ideal candidate for optical application, especially in areas of LEDs and Displays.

Apart from this the easier method of preparation makes it suitable to fit in to any mould so as to attain the required shape of the lighting device. 

. Ellipsometery Measurements

Spectroscopic ellipsometry measurements were carried out using J.A. Woolam Co. Inc M-2000 spectroscopic ellipsometerwith the help of complete ease software. The refractive index and thickness of the thin films is measured using the spectroscopic ellipsometer. The contact angle measurements has been carried out and it has been observed that there is a drastic increase in the water contact angle of these samples. These might be due to the fact that there is no interaction between 126 Chapter 4

the metal oxide nanoparticle and the polymer which has a benzene ring in its structure and thus the surface roughness increases.

Conclusion

The In the present study , the increase in the contact angle is attributed to the increase in the surface roughness of the material. This is also confirmed from the SEM images and AFM images.

The increase in the surface roughness is due to the poor interaction between polystyrene and ZrO 2 . The aromatic hydrocarbon side chain shows little tendency to interact with the metal oxide nanoparticle, leading to a possible agglomeration of the nanoparticles.

Chapter 5

Poly(methyl methacrylate)-Zirconium Dioxide Nanocomposite films and its properties

Abstract

This chapter describes about the fabrication and characterization of pmma ZrO 2 nanocomposite thin films. These finds many applications in optical devices and tools. The lack of flexibility has been overcome using the copolymer technique. The polymer films were prepared by dip coating, spin coating and solvent casting as mentioned in section 2.2.

The dip coating was carried out on glass substrates. Silica wafers and Glass substrates were used for spin coating the pmma and its nanocomposite solution. The free standing thin films were prepared using the solvent casting process.

The Samples prepared were codenamed as given in the Table 5-2 

Results and Discussion

This section deals with the discussion of the results of the characterization as carried out according to the Figure 5-1.

UV Vis Spectroscopy

The absorption and transmission spectra of the prepared pmma nanocomposite were carried out in the 300 nm to 800 nm wavelength range. nanocomposite thin film shows that even at higher filler concentrations, the samples are not absorbing much light in the visible spectrum. The higher transparency or transmission and low absorption makes them an ideal candidate for optical application, especially in areas of LEDs and Displays.

Apart from this the easier method of preparation makes it suitable to fit in to any mould so as to attain the required shape of the lighting device. The increase in position of wavenumber for absorption bands at 2993 cm -1 , 1720 cm -1 and 1385 cm -1 can be correlated to formation of hydrogen bonds between plasticizer and PMMA chains. It can be observed that the ZrO 2 nanoparticle are distributed in the polymer films and the enhancement in the particle distribution is visible in the Scanning Electron Microscopy images.

Water contact angle measurements

This measurement is quick measurement system since the method studies the surface characteristics from the outermost layer. The polymer composites being prepared has to be tested for its performance or interaction with water.

The wettability of the surface need to be understood as some of its potential applications are surface layers of light emitting diodes, solar cells, intra ocular lenses etc, which requires good interaction of the samples with water . It has been observed that there is not much change in the contact angle as the pmma and the Zirconium Dioxide nanoparticles interact leading to uniform dispersion of the films. The PMMA interacts with Zirconium Dioxide and this the interaction parameter is more with Zirconium rather than that to water, hence there is not much change in the contact angle. The 3D figures of the PMMA and ZrO 2 will be beneficial in understanding this concept.

The oxygen moieties in the PMMA and the Zirconium ion might have an interaction and the Zirconium Dioxide is typically insoluble in water and is also stable. All these lead to the stable contact angle measurements.
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Thickness and Density measurements

The thickness of the samples was measured using the size gauge, to understand the thickness of the polymer films. The digital size gauge was used to measure the thickness. 

Conclusion

The detailed analysis of the PMMA ZrO 2 polymer films were carried out.

The optical properties of the polymer composite was studied using UV Vis Spectroscopy. It has been observed that though the nanoparticles were added to the polymer films, it did not affect the transparency of the films. The ellipsometery points out to the fact that the enhancement in the refractive index could be achieved by increasing the nanoparticle concentration. The Fourier transform infrared spectroscopy probed in to the effect of the interaction of the nanoparticle with the polymer PMMA and then the effect of the plasticizer, PEG on the PMMA. The Atomic force microscopy and scanning electron microscopy showed the distribution of the particles in the polymer film. The interaction of water with the polymer and the polymer nanocomposite has been studied using the water contact angle studies. The density was measured using the buoyancy method which throws light into the fact that the density of the film increased upon increase in the Chapter 6 Conclusion

Conclusion

This thesis has tried to describe the methods to prepare the polymer nanocomposites with varying refractive index.

The chapter 3 dealt with the preparation of the polymer thin films with varying refractive indices. Multiple methods have been utilized to prepare the polymer films. The first method was to decorate the surface of the polymer thin film using an innovative method of rinsing the surface of the polymer films using nanoparticles. The second methods was to use crosslinked polymer for preparation of the film, which lead to the nanoparticles to be anchored onto the surface of the polymer film in a much stronger manner. The polymer film was prepared and the nanoparticle was rinsed onto the prepared thin film , followed by crosslinking of the polymer.

This methods was followed by the bulk mixing of the nanoparticles and the polymer solution followed by spincoating the solution to prepare the thin films. Ultra thin polymer films were also prepared using the spin coating technique and later the thickness of the polystyrene film was changed so as to understand its impact on the the refractive index.

The prime objective of the refractive index engineering was achieved by the observations in chapter 3 but some to solve some bottle necks. First being the ultra thin polymer films were prepared on silicon wafer which limited the characterization of the samples using various other methods. Chapter 4 dealt with the preparation of the polystyrene thin film using various methods, namely dip coating, spin coating and solvent casting. The spin coating was Chapter 6

carried out on glass substrate as well as silicon wafers. The dip coating was carried out on glass substrates while the solvent casting resulted in the formation of the thick films. This was also tried using the poly(methylmethacrylate) and the observations are reported in chapter 5. The observations pointed out to the fact that the films prepared were transparent so as to retain in optical character.

Challenges

There were multiple challenges to overcome while carrying out the research.

Some of them are listed below.

1)

The cleaning of the silicon wafer to obtain ultra pure substrate was a challenge. It was overcome by using the piranha technique and by the HF acid treatment.

2) The uniformity in the polymer thin film was another challenge. Most often the films obtained after the coating was uneven or heterogeneous.

This limited the possibility of ellipsometery which demanded ultra pure smooth films. This was overcome after repeated attempts to prepare the films with utmost care and high level of purity

3) The adherence of the polymer thin film on glass surfaces and Petri dishes after solvent casting was another challenge. The polymer films were unable to be peeled off from the surface of the glass substrate. This solvent casted substrates and Petri dishes had to be placed under normal temperature and pressure for about two weeks so that the polymer films would start getting detached from the surface of the glass surface. This was first overcome by casting the polymer solution on Teflon sheets, which helped in the quicker peel off of the polymer films from the teflons sheet. This method had another disadvantage as this left over the
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 11 Figure 1-1 Some pioneers associated with the refraction (Photo credit https://twitter.com/sahl_ibn, https://en.wikipedia.org/wiki/Willebrord_Snellius, https://en.wikipedia.org/wiki/René_Descartes )

Figure 1 - 2 .

 12 Figure 1-2. Photograph of Narendra S Kapany at a laboratory (Photo credit https://www.thebetterindia.com) H.H. Hopkins and N.S. Kapany at Imperial College in London successfully constructed a bundle of several thousand fibres 75 cm long and demonstrated

  . His article on Fibre optics in Scientific American in 1960 established the term "fibre optics". The invention of the laser in the early 1960s (Nobel Prize in 1964 to C.H. Townes, N.G. Basov and A.M. Prokhorov) gave a new boost to the research in optical communication. Shortly after the pulsed laser demonstrated in ruby by T.H. Maiman, A. Javan built the first continuous-wave laser using a mixture of He and Ne gas. Semi-conductor lasers appeared almost at the same time, but were at first not so practical, since they required high currents and could not work at room temperature. A few years later, the introduction of heterostructures (Nobel Prize in 2000 to Z.I. Alferov and H. Kroemer) enabled operation at room temperature, making them ideal light sources for optical communication.Optical communication of today has reached its present status thanks to a number of breakthroughs.
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 1312111 Figure 1-3. Some common day to day application of photonics Optical switches enhance the speed of communication. Laser machining has higher impact on many technological applications. Micro-machining, enable completely new approaches in biology and medicine. LIDAR (Light Detection and Ranging) and Laser spectroscopic techniques are being used for pollution estimation. Laser medicine is an upcoming area which enables treatment of most diseases and Lasers are highly popular in endoscopy, Laser

  will be different due to the varying refractive index. Refractive Index variation as a function of the light frequency n(ν) or n(λ) is called as dispersion. This can be understood by analysing the refraction at air glass interface results in spreading of white light.
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 14 Figure 1-4 Normal dispersion of white light into constituent colours
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 1 by Vitello. The correct relationship seems to have been at first by Snell at the University of Leyden and then by the French mathematician Descartes. In English speaking countries, this law is referred to as Snell"s law.Though unnoticed, in Baghdad, in the 10 th century, an unknown scientist, Abu Sad Al Alla Ibn Sahl, excelled in optics and in his book on "Burning Mirrors and Lenses, in 984 AD, had paved out the present day laws of refraction and on how the lenses and curved mirrors bend and focus light. Though its not been much credited, the law is known by the name of Snell or Descartes.Infact it is worth noting that Snell"s Law, discovered in Holland in the year 1621 was not well known until Descartes, in 1638, published it.
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 15151411 Figure 1-5 Snell's Law

  optical applications. Nowadays, as the applications involving light has increased manifold, the tailoring of the refractive index has become an inseparable part of design and development of devices. High refractive index materials have profound applications in areas like optics, optical lenses, polarizers, filters and waveguides. Refractive index has been in the history of science since AD 984, when the Arabian Mathematician & Physicst , Ibn Sahl, wrote the treatise "On the Burning Instruments"[2]. As time evolved, materials with refractive indices with positive and negative values were discovered. The plethora of possibilities for negative refractive index materials has been surfacing in the past few years. Still there are many cases where materials with higher refractive index are necessary for micro optic and photonic applications, like in the case of ophthalmic lenses, filters, lenses for camera, light emitting diodes, solar cells etc. As the era of optical computing is arriving, the highly sophisticated optical designs and devices need to be developed. Engineering of refractive indices of materials is the need of the hour. The limitations in the refractive indices could be overcome with the use of polymers. Still the upper limit of the refractive index of polymers are in the range of 1.6-1.8,
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 17 Figure 1-7 A representation of positive and negative refractive index
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 21 of the OTFT research arena is included and the research carried out at the famous IBM, which lead to the development of the flexible ,
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 18 Figure 1-8.Schematic representation of solvent casting process (adapted with modification fom [29] Bistac et al. reported solvent casting of PMMA using two solvents chloroform and toluene. They observed that Chloroform being an acidic solvent interacts more with PMMA compared to toluene. In both cases, residual solvent was trapped in the film which can have adverse effects on the properties of the film[30]. Ahmed prepared poly(methyl methacrylate)/poly(vinyl acetate) composite with varying concentrations by solvent casting. There was an increase in refractive index values with
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 19 Figure 1-9. Typical stages involved in spin coating process 1.7.2. Polymer nanocomposites for refractive index engineering In recent years, inorganic/organic nanocomposites have attracted interest as new materials because they possess novel optical[32-34],

29 CeO 2

 292 is the most abundant element in the rare earth family. Ce has electronic configuration [Xe] 4 f 2 6s 2 and has two common oxidation states Ce 3+ and Ce 4+ [60].Cerium have shielded 4f-electrons, which are responsible for the fascinating properties of the rare earth element. PS/PMMA-grafted Introduction nanocomposite films were prepared by Parlak et al. using spin coating.

  like light emitting diodes (LED), solar cells, ophthalmic lenses. LEDs are being widely used and even a miniscule enhancement in the light extraction efficiency of these diodes can reduce the energy consumption, considering the vast number of LEDs being used these days. Similarly, the domestic installation of the solar panels Chapter 1 is increasing drastically. The strategic devices like the satellites and space shuttles and stations are dependent on the solar energy. The enhanced efficiency of these solar cells can reduce the payload of the space vehicles. The lenses of cataract affected eyes are being replaced by intra ocular lenses during the cataract surgery. All these require tailoring of the refractive index and this has numerous scope in the research and development in optics. The engineering of refractive index of the polymer thin films throws light into the vast possibility of enhancement of the efficiency of the systems which used light, be it light emitting diodes or be it solar cells. Also the engineering of the refractive index can be useful in making more compact lenses and improving the dimensionality of the optical gadgets which is being used daily by common people.
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 4721 Figure 2-1 Chemical structure of PMMA
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 221233244925 Figure 2-2: 3D chemical structure of PMMA ( Colour coding-Grey ~ Carbon, Red~ Oxygen and White ~ Hydrogen)
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 26 Figure 2-6 3D structure of Zirconium dioxide

2- 7 and

 7 Figure 2-8.
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 2728 Figure 2-7 The various steps related to the samples preparation (1) pack of silica wafer (2) single silica wafer (3) the diamond tip used for cutting (4) diced silica wafers
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 2 be beneficial for other applications. Some of the images associated with the process of solution preparation is shown in Figure2.5 & Figure2.6.To the polymer solution, Zirconium dioxide nanoparticle was added in proportion to the polymer weight (2%, 4%, 8%, and 16%) respectively. The sample solutions are stirred until the nanoparticles are completely dispersed in the polymer solution using a magnetic bead. The samples were subjected to bath sonication and later to probe sonication. The probe sonication was carried out at 23 W for 5 minutes, with a frequency of 20 kHz (10 sec on cycle and 3 sec off cycle for each sample)to obtain a homogeneous solution.
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 29572 Figure 2-9 Various stages of preparation of the nano composite solution

  2.3.1section 2.2.3.4 is shown in Figure 2.7.
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 22231 Figure 2-11. A schematic showing various modalities employed to prepare the thin films ( the chemical structure of the crosslinkable polystyrene is shown in part (3) and (4)

  5 and later on, the surface was rinsed with distilled water. The intermediate cleaning step with nitric acid was carried out to prevent any kind of precipitation of the nanoparticles that can occur with sudden change of the pH when it is washed with water. The films were then annealed at 160  C Chapter 2
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 272 is a representative image of the samples prepared. Figure2.8 gives a detailed view of the sample preparation.
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 2122223 Figure 2-12. Preparation of cerium oxide nanoparticle decorated polystyrene thin films

Figure 2 . 7 ( 3 )

 273 Figure 2.7(3) shows a representative image of the sample prepared.
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 22234 Figure 2-13 The various instruments used (1) Spin coating machine (2) UV light source for crosslinking (3) the spectroscopic ellipsometer

Figure 2 . 7 ( 4 ) is a representative image of the sample prepared. 2 . 2 . 3 . 5 .

 2742235 Preparation of the PMMA-ZrO 2 and PS-ZrO 2 nanocomposite thin films using Dip coating
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 632142236 Figure 2-14. Photograph of the Dip coated samples kept for annealing
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 2 Figure 2-16 Schematic of the characterizations carried out
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 2 Figure 2-17 Photograph of the Spectroscopic Ellipsometer
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 218 Figure 2-18 A Schematic of the change in polarization upon reflection

  photograph of the atomic force microscope is shown in Figure2.14.
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 219 Figure 2-19: Photograph of the AFM

Chapter 3 Figure 3 . 1 .

 331 Figure 3.1. A schematic showing various modalities employed to prepare the thin films

Figure 3 . 2 .

 32 Figure 3.2. Steps involved in the deposition of the cerium oxide nanoparticles on the polystyrene thin films (The inset in part 4 shows the AFM image of a sample prepared)
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 313 shows a representative image of the sample prepared.Surface engineering of polystyrene thin films …83

  The measured thickness and refractive index of the sample are shown in figure3.3. The average thicknesses of the samples prepared using polystyrene solution of mass concentrations of 20 g/L in toluene were found to be 1050 Ǻ and the average refractive index was observed to be around 1.58 at 632nm. The reliability of the data was observed by repeating measurements on different samples prepared using the same techniques. Similarly, the thickness of the thin films prepared using polystyrene solutions of mass concentrations of 10 Chapter 3

Figure 3 . 3 :

 33 Figure 3.3: The thickness and refractive index measurement of the polystyrene thin films prepared at a mass concentration of 10 g/L and 20 g/L of polystyrene in toluene,( the error bar is too low to be visible, the arrow indicates the corresponding measurement).

4 .

 4 This renders lower entanglement of the polymer chains thereby leading to a higher order of Refractive index engineering using polymer nanocomposites Jemy James 2019Surface engineering of polystyrene thin films …85orientation of the polymer chains because of the stronger polymer-solvent, polymer-polymer, and polymer-substrate interactions. Highly ordered polymer chains result in a higher density of the polymer chains leading to an enhancement in the refractive index[58][59][60].
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 34 Figure 3.4: Schematic of the increase in refractive index with the reduction in the thickness

Figure 3 . 5 :

 35 Figure 3.5: The thickness and refractive index measurement data of polystyrene samples without (only PS) and with ceria nanoparticles dropped on it (the error bar of the refractive index of the only PS is too low to be visible).

crosslinked and non crosslinked are shown in Figure 3 . 9 .

 39 It can be seen that the crosslinked samples have lower dewetting when compared to the noncrosslinked samples. Akhrass et al. studied the influence of the cross-linking Chapter 3density on film dewetting[START_REF] Al Akhrass | Influence of progressive cross-linking on dewetting of polystyrene thin films[END_REF]. When partial cross-linking occurred in a film with a lower molar mass, the effective molar mass of the polymer increased, and an increase in the relaxation time was observed. For the higher molar mass polymer, no changes in the relaxation time were observed for the partially cross-linked film. For a high cross-linking density, the relaxation time increased dramatically which suggested an almost infinitely long relaxation time.

Figure 3 . 9 :

 39 Figure 3.9: Optical Microscopic images showing the effect of cross-linking in preventing the dewetting of the thin polystyrene films after thermal annealing in a vacuum oven.
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 310 Figure 3.10: Thickness and refractive index of crosslinked polystyrene-ceria nanocomposite thin films(the error bar of the thickness is too low to be visible)

Figure 3 . 11 :

 311 Figure 3.11: AFM images of the crosslinked polystyrene thin film (a), AFM image of the MPS modified Ceria nanoparticle-cross-linked polystyrene nanocomposite thin film (b) AFM images (Figure 3.11) show that the polystyrene ceria nanocomposite prepared using the modified ceria nanoparticles had a uniform distribution of the particles and the ellipsometric measurements clearly indicate an increase in the refractive index (Figure 3.12). It should be noted that the sample without the nanoparticles had a refractive index of 1.635 and the refractive index of the sample with the modified nanoparticles is 2.018. Hence this increase cannot be attributed to cross-linking or thickness of the thin film alone. The enhancement in the refractive index is based on the effective medium models, where the average refractive index of the composite is
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 312 Figure 3.12: The thickness and refractive index measurement of polystyrene thin film and mps modified ceria -polystyrene thin films (xPS means crosslinked polystyrene, the error bar of the refractive index is too low to be visible)

  Kim et al. prepared an alternate layer of low and high refractive index material to be used as an antireflection thin film by the layer by layer method. Poly(diallyl dimethyl ammonium chloride) (PDDA) and titanium bis(ammonium lactate) dihydroxide (TALH) layer with a thickness of 3.0 +/-0.15 nm with a refractive index of n =2.2 was used as the high refractive index layer whereas poly(allylamine hydrochloride) (PAH) and poly(acrylic acid)(PAA) with a thickness of 4.6 + / -0.1 nm and refractive index of 1.51 was prepared a the low RI layer. 20 layers of low refractive index films was prepared resulting in an antireflection film with a transmittance of 99% and reflection of only 0.04%[4]. Titanium dioxide epoxy nanocomposite films were prepared by wrapping the TiO 2 particles with a high refractive index coupling agent, triethoxysilancecapped trimercapto thioethylamine (TCTMTEA) and were successful in attaining the refractive index from 1.61 to 1.797 by varying the TiO 2 content from 0% to 65 %[5]. Lee et al. prepared transparent nanocomposites of ZrO 2 PDMS through a process of ligand molecule engineering. They were able to achieve an Polystyrene ZrO 2 Nanocomposites..

( 2 )

 2 Glass electrode interface Secondly the light generated is absorbed by each layer Thirdly at the interface of organic layer and the reflective electrode, there occurs surface Plasmon polariton mode. Park et al. prepared a refractive index matching diffusion layer consisting of a refractive index matching layer and a nanoscale structure. The formed layer has around 85% transmittance. This lead to an increase in light efficiency of the LEDs[22] Bhagat et al. prepared high refractive index polarizable polymers. The formation of highly corsslinked prepolymer gels leads to the formation of hard polymeric materials. The absence of highly electronegative elements and the presence of highly polarizable elements like Silica, Germanium, Tin etc imparted high refractive indices to the polymers ranging from 1.59 to 1.703.The high crosslinking made the materials hard and thus these could be polished as per the needs of the user. The highly oriented crosslinked prepolymer gels were obtained by starting the thiol-ene coupling reaction of the monomers having main group elements and trivinyl heterocyles with alkyl and aryl dithiols[23].An et al. prepared polystyrene which contained thiophene via 'SUZUKI-MIYAURA' coupling reaction. The thiophene containing polystyrene hadPolystyrene ZrO 2 Nanocomposites.. 113 enhanced refractive index from 1.58 to 1.67 according to the co polymer ration, which was confirmed using the prism coupling method[24]. Shekhawat et al. engineered the refractive index of polycarbonate using another method. Nitrogen ions at low energy was implanted on the surface of polycarbonate resulting in an enhancement of the refractive index from 1.58 to 2.37, which was later confirmed by diffuse reflectivity spectrum using the UV-VIS spectroscopy. The control of the nitrogen ion implantation energy and the fluence can be used to tailor the refractive index of the polycarbonate films[25].The treatment of issues related the cornea is ever getting improved day by day. Artificial cornea implant are being developed making the lives of the people better. The development of artificial cornea required biocompatible materials, which are stable as they need to be used for a long time. Poly(2hydro ethyl methacrylate) PHEMA and Poly( acrylic acid) PAA was used to prepare interpenetrating network. ZnS nanoparticles were covalently linked to the PHEMA polymer network and a hydrogel of the composite was prepared with the refractive index of the hydrogel being 1.65 in the dry state and 1.49 in the wet/hydrated state. The developed materials was found to be minimally cytotoxic to keratinocyte cells and thus there developed
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 4 Figure 4-2 UV-Vis transmission spectrum of the spin coated polystyrene nanocomposite samples
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 43 Figure 4-3 UV Vis absorption spectrum of the Polystyrene ZrO 2 nanocomposite thin films
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 44646 Figure 4-4 Spectroscopic ellipsometery of the PS nanocomposites
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 47 Figure 4-7 Water contact angle measurements of the Polystyrene ZrO2 nanocomposites ( (a1) = 0 Z, (b1) = 2 Z, (c1) = 4 Z, (d1) = 8 Z, (e1) = 16 Z)

  samples prepared had been studied by various characterization techniques. The UV-Vis Absorption spectroscopy pointed to the fact that even though nanoparticles were added the samples remain almost transparent. The ellipsometry measurements indicate to the enhancement in the refractive index. The morphological characterization were carried out using the AFM and SEM and the microscopic images show that the particles are uniformly distributed and the particle concentration increases on the addition of nanoparticles. Contact angle mainly depends on the nature of the polymer, nanoparticle & surface roughness of the material. In the present study, neat polymer (polystyrene in this case) shows a low contact angle of 76  . The addition of ZrO 2 nanoparticle increases the contact angle. The contact angle and the % of the nanofiller shows a direct relationship. The results indicate that there is no interactions between the ZrO 2 nanofillers and water.
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 52 Figure 5-2 UV-Vis transmission spectrum of the spin coated pmma nanocomposite samples

Figure 5 - 3 Figure 5 - 5 Figure 5 - 6 Figure 5 - 8 5 PMMA ZrO 2 nanocomposite thin films… 151 

 535556585151 Figure 5-3 UV-Vis absorption spectrum of the spin coated pmma nanocomposite samples5.4.2 Spectroscopic Ellipsometry of the PMMA ZrO 2 samplesSpectroscopic ellipsometry measurements were carried out using J.A. Woolam Co. Inc M-2000 spectroscopic ellipsometer with the help of complete ease software. The refractive index and thickness of the thin films is measured using the spectroscopic ellipsometer.

Figure 5 .

 5 Figure 5.8 illustrates the effect of plasticizers in neat PMMA samples. Through this observation we predict the effect of plasticizers on structural features of neat PMMA. One can observe that intensity of absorption bands at 2993 cm -1 , 1721 cm -1 , 1385 cm -1 and 748 cm -1 decreases as compared to neat PMMA. The decrease in intensity attributes to decrease in formation of polar bonds due to interference of plasticizer. Absorption band at 749 cm -1 corresponds to C -C stretch in C -C skeletal mode, decrease in the position of wavenumber indicates formation of weak bonds; this weak bonds in C -C skeletal structure of PMMA attributes to influence of plasticizer on continuous matrix of PMMA, thereby decreasing the stiffness in the PMMA matrix and increasing flexibility of PMMA by acting as a lubricant between PMMA chains.
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 5 Figure 5-11 Water contact angle measurements of the PMMA ZrO2 Nanocomposites ((1) = 0 Z, (2) = 2 Z, (3) = 4 Z, (4) = 8 Z, (5) = 16 Z)

Figure 5 -

 5 14 shows the thickness measured of the thin films prepared using various concentrations of the polymer and with the enhancement in the nanoparticle concentration. It has been observed that as the polymer concentration increases, there is a comparative increase in the thickness of the polymer films. It is to be noted that these polymer films were prepared using solvent casting , by casting polymer solution of concentrations 1.25 g in 30 ml , 2.50 g in 30 ml, and 3.75 g in 30 ml and the solvent being toluene. The figure5-15 shows the density of the polymer nanocomposites and its evident from the observations that as the concentration of the nanoparticle increases, the density of the composite increase.
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 555 Figure 5-14 Plot of the thickness and ZrO2 %
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 111 If the light is a mixture of frequency, then speed of each component

	Material	Refractive Index @ 546nm
	Air	1.00029
	CO 2	1.00045
	Water	1.33
	Ethanol	1.36
	Benzene	1.51
	Quartz	1.46
	Plexi glass	1.49
	Diamond	2.42

20 Chapter 1 1.7. Polymer thin films and nanocomposites

  

	Polymers play an integral role in our daily lives. They have evolved from the
	natural polymers like silk, cotton etc. to the versatile high performance
	polymer materials used today. The advancements in the field of polymers
	have grown steeply from normal household materials to intelligent and smart
	polymer systems that can be tailored for specific applications. Polymers are
	generally categorized as synthetic or naturally occurring materials. Many
	polymers exist in nature, like cotton, starch, and silk, etc., while many of
	them have been synthesized in laboratory. The technological progress of
	recent decades has been driven by the advancement in polymer processing.
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Table 2 -

 2 1: Some important characteristics of PMMA

	Chemical formula Melting point	:(C 6 O 2 H 8 ) n :160 o C
	Boiling point	: 200 o C
	T g	:105 o C
	RI	:1.4905
	Abbe No.	:58

Table 2 -

 2 

	2: Some basic characteristics of Polystyrene
	Chemical Formula	: (C 8 H 8 ) n
	Melting point	: 210-249 o C
	Refractive index	: 1.592
	T g	: 100 o C
	Abbe Number	: 31

Table 2 -

 2 

	3 Basic characteristics of toluene
	Chemical Formula	(C 7 H 8 )
	Molar mass	92.141 g/mol
	Density	0.87 g/mL
	Boiling point	111 o C
	Melting point	-93 o C
	Refractive index	1.497
	2.1.3. Nanoparticles used	
	Two nanoparticles were used for the experiments. These include cerium
	oxide nanoparticles and zirconium oxide nanoparticles.
	2.1.3.1. Cerium oxide nanoparticles
	Cerium oxide (CeO 2 ) nanoparticles were supplied by Rhodia-Solvay
	chemicals (Belgium). The nanoparticles had a log-normal size distribution

crystalline oxide of zirconium. It's most naturally occurring form, with a monoclinic crystalline structure. They were supplied by Sigma Aldrich chemical company. A 3D image of the zirconium dioxide is shown in figure 2.6. Its average molecular weight is 123.22 g/mol and particle size is <100 nm (TEM). Its melting point is 2700 o C, boiling point is 5000 o C and density is 5.89g/ml at 25 o C.

Table 2 -

 2 4: Category of Water contact angle

	Contact Angle (degree)	Category
	0	Absolute wetting
	< 90	Hydrophilic
	>90	Hydrophobic
	>150	Super hydrophobic
	>/= 180	No wetting
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	Aldrich. Cerium oxide (CeO 2 ) nanoparticles were supplied by Rhodia-
	Solvay chemicals (Belgium). The nanoparticles had a log-normal size
	distribution with a mean diameter of 8.3 nm and polydispersity index of
	0.26, measured by Dynamic Light Scattering. The stability of the
	3, hydrogen peroxide (H 2 O 2 ) (35 wt %), sulphuric
	acid (H 2 SO 4 ) (98%), and hydrofluoric acid (HF) were purchased from Sigma
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Table 3 .1: Thickness measurements using ellipsometry and AFM

 3 

	Sample -Crosslinked	Thickness	measured	Thickness measured
	or non-crosslinked	using ellipsometry (Ǻ)	using AFM (Ǻ)
		(error bar in brackets)	
	Non-Crosslinked-1	852 (1.6)		800
	Non-Crosslinked-2	867 (0.4)		870
	Cross-linked 1	416(7.7)		450

Table 4 -

 4 1 Summary of the previous research work carried out in the similar

	area							
	Sl. No	Polymer used		Nanopartic le used	% of filler	loading	Refractive	index	Reference
	1	Polythiureethane		Lead	0 -67	1.57	-
		oligomer terminated with	sulphide	%		2.06		[1]
		iso cyanide group					
	2	PMMA		Diphenyl	45%		30%		[3]
				sulfoxide			increase
	3	Poly(diallyl	dimethyl	Titanium bis			2.2		[4]
		ammonium chloride)	(ammonium				
				lactate)				
				dihydoxide				
				(TALH)				
	4	Poly(allylamine		Poly(acrylic			1.51		[4]
		hydrochloride) (PAH)	acid)PAA				
	5	Epoxy		Titanium	0 -65	1.61	-	[5]
				Dioxide	%		1.797

Table 4 -

 4 3 Water contact angle measurement details of the PS-ZrO 2 thin films

	Sample name Contact angle
	0 Z	76.46
	2 Z	106.91
	4 Z	112.07
	8 Z	113.17
	16 Z	110.72
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 5 In earlier times, the spectacle lenses used to be prepared from glass and an accidental drop of the spectacles could shatter and crack the glass. In fact the use of glass lenses has become limited to the danger of being shattered and the arrival of newer light weight plastic counterparts. Moreover the requirement of highly functionalized glasses for additional features like, UV protection, antiglare performance and finally scratch resistance has paved the way to polymeric materials to be used for spectacle lenses Similarly, the needs of the customers are increasing day by day such that each customer has his/her own specific requirements. All these cannot be met by using the traditional borosilicate or crown glass as it cannot be easily be customized
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	5. 1. Introduction transmittance of 34% at 633 nm[6]. nanoparticles upto the 60 wt %. Inspite of the increased nanoparticle to pave the way for these materials being used for novel photonic applications
	Soave et.al., prepared blends of polycarbonate and pmma and prepared thin concentration, the sample exhibited around 90% transparency in the visible like integrated photonics, optical computing, nano imaging etc. The materials
	Transparent polymers with tailored refractive index finds multiple applications in coatings as well as active optical devices. Advantages of these transparent polymers for optical application has far reaching applications. A simple common films using spin coating. It was found that by controlling the ratio of two components of the polymers, the refractive index can be tuned. The Refractive index of the neat polycarbonate is 1.6118 and on addition of 20wt range. PGMA grafted TiO 2 nanoparticles were embedded into the epoxy resin to prepare epoxy nanocomposite.[9] Matsuyama et.al., carried out insitu polymerization of the MMA monomer with controllable refractive index are prepared by self assembled nanopatterns, imparting a refractive index controllability in broad wavelength range. This was achieved by controlling the permittivity and permeability of the nanoscale objects No Polymer used Nanoparticle used % of filler loading Refractive index Reference
	example is the spectacle lenses. % of PMMA to the PC, the refractive index of the composite is reduced to and the modified ZnO to for the polymer matrix and the polymer which are much smaller than the skin depth. This lead to the increase in the 1 PMMA ZnO 0.5-1.487-[1]
	1.6031 and on further adding 50 wt% of PMMA to the PC, the refractive nanocomposite. The addition of 3-(trimethoxy silyl) propylmethacrylate effective refractive index to more than 3.0 in a broad wavelength range of more 30 1.507
	index reduced to 1.5738. It is to be noted that the RI of PC is 1.6118 and that than 1000 nm[16]. (TPM) lead to the efficient compatibilisation of the Zinc Oxide quantum dot 2 PDMS ZrO 2 0-1.528 [2]
	of PMMA is 1.4916[7]. into the MMA monomer, which was later polymerized to form PMMA ZnO Lin et.al., prepared fluorine free superhydrophobic coating by spray process. The 20.8 -
	Imai et.al., prepared transparent polymer nanocomposite with higher quantum dot composite with good dispersion of the quantum dots in the material used was PDMS and PMMA. The low surface energy associated with 1.803
	Table of contents 5. 1. Introduction 5.2. Materials and methods used 5.3 Characterization of the PMMA Nanocomposite films matrix[10]. the PDMS and the roughness of the PMMA due to the spraying process refractive index. The polymer matrix used was poly(anylne ether ketone)(PAEK) and the nanoparticle used was barium titanate ( BaTiO 3 ). The transparency was attained by organically modifying the barium titanate surface and introducing a phosphoric acid moiety into the polymer chain. Barium Titanate has a Refractive index of 2.40 , which is comparatively silylpropylmeth transparent Epoxy/ZrO 2 nanocomposite with filler concentration around 50 etc[17]. 3-trimethoxy glycidyloxypropyl) trimethoxysilane (GMS) ligand. Thick (1 mm) and applications including windows for vehicles, oil-water separation, self cleaning methacrylate )-( refractive index also. The ZrO 2 nanoparticles were ligand engineered by (3-transforms the hydrophobic state to hydrophillic state. This finds many polyethylene glycol nanoparticles 61.9 1.803 Tao et.al., prepared transparent ZrO 2 / epoxy nanocomposites which had high eventually leads to the superhyrophobicity. A simple hotpress technique 3 poly(acrylic acid)-graft-Titanium 5.6 -1.528 -[3]
	5.4 Results and Discussion higher than the refractive index of ZrO 2 which has a refractive index of 2.16 wt % having an optical transparency of 90 % with an increased Refractive Zhang et.al., prepared PMMA grafter silica to study the effect of surface acrylate)
	@ 589 nm. Titanium Dioxide (TiO 2 ) has a still higher RI of 2.54 but the lack index of 1.51 to 1.65 was developed. Due to the use of this prepared hardness and scratch resistance. It was proved that addition of the silica 5.4.1 UV Vis Spectroscopy 5.4.2 Spectroscopic Ellipsometry of the PMMA ZrO 2 samples In this context, polymer nanocomposite gain much significance. The following of stability of the TiO 2 due to the photocatalytic activity makes Barium composite as the LED encapsulant, an increase of 13.2 % of the optical during the polymerization of the MMA, enhances the compatibility and 4 Polycarbonate (PC) Al 2 O 3 1 1.565 [6]
	5.4.3. Fourier Transform Infra-Red Spectroscopy will give a brief description about the recent progress in polymer nanocomposites Titanate a better candidate. The composite of PAEK and BaTiO 3 was output from the LED was attained[11]. dispersion of the particle which increased the surface hardness. Thus these 5 PC PMMA blends 1.611 -[7]
	5.4.4 Atomic Force Microscopy being used for optical applications. prepared and the refractive index of 1.72 was obtained @ 589 nm with 44% Polyimide barium titanate nanocomposite with high refractive index was composites have potential for scratch resistance applications like windshield 1.49
	5.4.5 Scanning Electron Microscopy nanoparticle content and with 90% optical transparency[8]. prepared by Abe et. al., in this case also, silane coupling and Phtalimide were for automobiles and airplanes and for house hold furniture etc[18]. 6 poly(anylne ether BaTiO 3 44 1.72 [8]
	5.4.6 Water contact angle measurements M.M.Demir in the year 2007, reported the preparation of poly(methyl In 2011, Peng Tao et.al., reported the preparation of TiO 2 polymer used to surface modify the barium titanate nanoparticles. The polymer Xu et.al., prepared nanoparticles capped with polymerizable group. This in ketone)(PAEK)
	5.4.7 Thickness and Density measurements 5.5 Conclusion 5.6 References methacrylate) (PMMA) and zinc oxide (zincite, ZnO) nanocomposite. This the composite increased from 1.5 to 1.8 with the addition of the TiO 2 was achieved at 59 vol % of the nanoparticles. The composites exhibited a nanocomposite with high refractive index (RI~ 1.824) , which are DMA free, functionalized nanoparticles were mixed with the PMMA by in-situ reaction to the poly(glycidyl methacrylate) (PGMA) and the refractive index of refractive index transparent nanocomposites. The refractive index of the 1.85 (PGMA) grafted refractive index. This process is effective in the preparation of transparent controlled precipitation via acid catalyzed esterification. The surface nanoparticles of 5nm diameter were ligand engineered to the polymer via click nanoparticles during insitu polymerization leading to the formation of high methacrylate) methyl methacrylate (MMA) to produce nanocomposite hydrogels with high was carried out by surface modification of zinc oxide nanoparticles by nanocomposite with enhanced transparency and refractive index. TiO 2 nanocomposite was prepared by incorporating the surface modified turn can lead to the co polymerization with glycidyl methacrylate(GMA) or 7 Epoxy poly(glycidyl 60 1.8 [9]
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Table 5 -2 Sample names and the details

 5 

	Sample name Polymer matrix	ZrO 2 concentration
	Z 0	PMMA	0 %
	Z 2	PMMA	2 %
	Z 4	PMMA	4 %
	Z 8	PMMA	8 %
	Z 16	PMMA	16 %

PMMA ZrO 2 nanocomposite thin films… 143

  

2 nanocomposite thin films… 155Table 5 -4 Contact Angle measurement values of the PMMA ZrO2 nanocomposites

 5 

		Contact angle
	Sample name	(Degrees)
	0 Z	67.37
	2 Z	68.75
	4 Z	70.23
	8 Z	68.27
	16 Z	68.99
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mould is shown in Figure 2.10. This procedure involving the OHP sheet mould was carried out as the films were sticky on the glass petri dish upon which it was casted initially. The films which were solvent casted on the glass petri dishes would usually be peeled off naturally only after a week or two. 

Analysis of cross-linked polystyrene-ceria thin films

The polystyrene thin films can be prone to leaching when these films are placed in or are exposed to solvents. Cross-linking of the polystyrene overcomes this limitation, as it retards or inhibits any kind of dewetting or leaching. Digital photographs of the samples, before and after crosslinking are shown in Figure 3.7. The UV curing of the thin films leads to the change in the colour of the thin films from dark blue to golden yellow. This change in colour can be attributed to the reduction in the thickness of the samples after cross-linking due to the increased molecular density of the composite films [65][66][START_REF] Shokuhfar | The effect of cross linking density on the mechanical properties and structure of the epoxy polymers: molecular dynamics simulation[END_REF]. UV cross linking of the polystyrene is carried out in room temperature, which lead to the covalent stabilization of the of the polymer chains. Also, the chemically inert azide group get activated by heat or light which lead to the formation of highly reactive nitrene groups , which initiate the reaction with neighbouring groups leading to cross linking. [43,55] The ellipsometric measurements have been carried out to ascertain the thickness of the thin films and the result is shown in Table 1. As it can be seen from the graph, the thickness of the sample decreased, almost 50 % on UV curing. UV curing results in an increase in the molecular density of the thin films. This causes the films to shrink and hence the thickness is reduced [66]. 

Materials and methods used

The dip coated , spin coated and the free standing polymer films were prepared using Polystyrene (430102), purchased from Sigma Aldrich with average M w ~1,92,000 by GPC was used for the experiments.

Zirconium dioxide (ZrO 2 ) nanoparticles were purchased from Sigma Aldrich. The particles had a size distribution of 50 nm. Zirconium dioxide, sometimes known as zirconia (not to be confused with zircon), is a white crystalline oxide of zirconium. It's most naturally occurring form, with a monoclinic crystalline structure. It was supplied by the Sigma Aldrich chemical company. Its average molecular weight is 123.22g/mol and particle size is <100 nm (TEM). Its melting point is 2700 o C, boiling point is 5000 o C and density is 5.89g/ml at 25 o C.

The polymer films were prepared by dip coating, spin coating and solvent casting as mentioned in section 2.2.

The dipcoating was carried out on glass substrates. Silica wafers and Glass substrates were used for spincoating the polystyrene and its nanocomposite solution. The free standing thin films were prepared using the solvent casting process.

The Samples prepared were codenamed as given in the The prepared samples were optically characterized using uv-vis spectroscopy and spectroscopic ellipsometery. The morphological characterization was carried out using scanning electron microscopy, atomic force microscopy and water contact angle measurements.

Characterization

Results and Discussion

This section deals with the observations from the sample analysis as mentioned in the figure 4-1

UV Vis spectroscopy

The absorption and transmission spectra of the prepared polystyrene nanocomposite were carried out in the 300 nm to 800 nm wavelength range. 

Atomic force microscopy

In order to complement the scanning electron microscopy, atomic force microscopy was carried out. The AFM images depicting the surface morphology of the polystyrene zirconium dioxide nanocomposite thin films.

The images shows that the nanoparticles are not well dispersed in the polymer matrix and at the highest filler concentration of 16% , the nanoparticles are found visible. The lack of nanoparticles in the might be 

Materials and methods used

The dip coated , spin coated and the free standing polymer films were prepared using Poly(methyl methacrylate) (182230), purchased from Sigma

Aldrich with average M w ~120,000 by GPC was used for the experiments.

Zirconium dioxide (ZrO 2 ) nanoparticles were purchased from Sigma Aldrich. The particles had a size distribution of 50 nm. Zirconium dioxide, sometimes known as zirconia (not to be confused with zircon), is a white crystalline oxide of zirconium. It's most naturally occurring form, with a monoclinic crystalline structure. It was supplied by the Sigma Aldrich chemical company. Its average molecular weight is 123.22 g/mol and particle size is <100 nm (TEM). Its melting point is 2700 o C, boiling point is 5000 o C and density is 5.89 g/ml at 25 o C. For ease of understanding the interactions within the batch and inter-batch, analysis of the FTIR -ATR spectra were done by studying the effect of zirconia on each characteristics absorption peak of PMMA. Zirconia has vibrations peaks at 1648.17 cm -1 , 753.50 cm -1 , 672.52 cm -1 , 567.02 cm -1 , 497.63 cm -1 , 455.08 cm -1 , 418.30 cm -1 and 406.30 cm -1 ; out of these absorption peak only peak at 753.50 cm -1 is closer to the absorption peaks in PMMA., hence this peak can affect the absorption pattern in PMMA/Zirconia composites. Let us first get introduced to the various characteristics absorption peaks in PMMA. 

Atomic Force Microscopy

The AFM images indicate that the nanoparticles are present and distributed in the nanocomposites and the increase in the nanoparticle is visible in the subsequent images indicating in the incorporation of the nanoparticles in higher proportion. 
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imprints of the surface of the Teflon sheets on the solvent. This problem was overcome by using OHP sheets. The sheets were custom made in the form of mould and the moulds were reinforced using cellophane tapes so as to avoid the leakage of the solutions. This resulted in the easy peel off of the polymer films from the surface of the sheets.

Future Perspectives

The films prepared using PMMA and PS can be used for optical application by the flexibility of the films is a point of question. In this regard, this limits its applicability in many fields. So the flexibility of the films need to be enhanced by adding appropriate plasticizers.

The research pointed out only to the enhancement of the refractive index, but the research in to the reduction in the refractive index also need to be pursued. This has evolved to have multiple applications also.

The polymers used is PMMA and PS which are brittle by nature, there is a potential area of research in which multiple materials are used so as to enhance the strength and flexibility of the films prepared.

Finally a good study could be carried out on the effect of polymer blends on the film morphology and the interaction of the nanoparticle with each polymer.

There are a plethora of application for these engineered films and it can be taken up in the future.