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Polymer nanocomposites have gained much importance in the field of optoelectronics due to their unique optical properties. Refractive index engineering using nanoparticles is an effective strategy that could be applied for the fabrication of optical devices. Herein, we report three different strategies which are employed to enhance the refractive index of polymer thin films.

These include incorporating cerium oxide nanoparticles onto the polystyrene matrix, secondly adding cerium oxide nanoparticles onto the cross-linkable polystyrene and thirdly by embedding functionalized cerium oxide nanoparticles onto the cross-linkable polystyrene. Refractive index of the polystyrene thin films was enhanced by dispersing neat CeO 2 nanoparticles and functionalized CeO 2 nanoparticles into the polystyrene matrix. 1.38 % enhancement in the refractive index of the polymer nanocomposite thin films could be achieved using our technique.

The blending of polystyrene with cerium oxide nanoparticle presents a prospective way to engineer the refractive index of polymer thin films. We firmly believe that the study will be an effective guide towards future research in the area of surface engineering of polymer thin films for refractive index enhancement.

Introduction

The development and advances in photonic gadgets are becoming more dependent on the availability of new functional materials, as these devices are gaining more importance in daily life in the form of sensors, light sources and energy harvesters [START_REF] Xi | Optical Thin-Film Materials with Low Refractive Index for Broadband Elimination of Fresnel Reflection[END_REF][START_REF] Donati | Optical Imaging: Light Scattering on Tape[END_REF][START_REF] Akasaki | The Nobel Prize in Physics[END_REF][START_REF] Qiu | Investigation of Beam Splitter in a Zero-Refractive-Index Photonic Crystal at the Frequency of Diraclike Point[END_REF][START_REF] Šiffalovič | Towards New Multifunctional Coatings for Organic Photovoltaics[END_REF] . An important characteristic of a material, that can be used in optical design, is its refractive index.

Refractive index engineering is significant for photonic integrated circuits (PIC) fabrication and other applications, and the scientific community has been working on materials with refractive index ranging from positive refractive index [START_REF] Berger | From Photonic Band Gaps to Refractive Index Engineering[END_REF][START_REF] Lü | High Refractive Index Organic-inorganic Nanocomposites: Design, Synthesis and Application[END_REF][START_REF] Yang | The Research on Syntheses and Properties of Novel Epoxy / Polymercaptan Curing Optical Resins with High Refractive Indices[END_REF] to negative refractive index [START_REF] Smith | Metamaterials and Negative Refractive Index[END_REF][START_REF] Liberal | Near-Zero Refractive Index Photonics[END_REF][START_REF] Kana | Thermally Driven Sign Switch of Static Dielectric Constant of VO2 Thin Film[END_REF] .

The search for better light sources since the energy crisis of the 1970's, led to the emergence of Light Emitting Diodes (LED). Reducing the refractive index mismatch between the semiconductor used in the LED and the LED encapsulant increases the light extraction from the LED. Even a small enhancement in the LED efficiency could be beneficial considering the multifaceted application of LED's world wide.. There are also some areas where the refractive index mismatch is taken advantage of, like in the area of semiconductor lasers (distributed Bragg reflectors), where the change in refractive index leads to reflection, which increases the oscillation of the light being generated inside the cavity of the laser [START_REF] Tai | Drastic Reduction of Series Resistance in Doped Semiconductor Distributed Bragg Reflectors for Surface-emitting Lasers[END_REF] . Surface modified nanoparticles are being used along with the encapsulant for the enhanced performance of the LEDs [START_REF] Lin | Enhanced Reliability of LEDs Encapsulated with Surface-Modified Zirconia/Silicone Hybrids under Thermal Shock[END_REF] .

There is an increase in the need for optical materials with high refractive index for the manufacturing of filters, optical waveguides, photonic crystals, optoelectronics devices [START_REF] Lü | High Refractive Index Organic-inorganic Nanocomposites: Design, Synthesis and Application[END_REF] , etc. Inorganic materials have high refractive indices, but some of their disadvantages like lack of flexibility and higher density have led researchers to look towards organic materials, which have lower weight, ease of processability of fabrication of devices, lower cost of processing, good flexibility and better impact resistance compared with inorganic materials [START_REF] Yang | The Research on Syntheses and Properties of Novel Epoxy / Polymercaptan Curing Optical Resins with High Refractive Indices[END_REF][START_REF] Lee | High-Refractive-Index Thin Films Prepared from Trialkoxysilane-Capped Poly(Methyl Methacrylate)-Titania Materials[END_REF][START_REF] Shambat | Ultrafast Direct Modulation of a Single-Mode Photonic Crystal Nanocavity Light-Emitting Diode[END_REF] . Also, the recyclability of polymers makes them an environmentally friendly alternative in contrast to inorganic materials [START_REF] Schneiderman | 50th Anniversary Perspective: There Is a Great Future in Sustainable Polymers[END_REF][START_REF] Hong | Chemically Recyclable Polymers: A Circular Economy Approach to Sustainability[END_REF] . The conventional organic polymer materials have a low refractive index of 1.4~1.6 at a given wavelength of 600 nm [START_REF] Higashihara | Recent Progress in High Refractive Index Polymers[END_REF] . High refractive index polymers with high transparency [START_REF] Lee | High-Refractive-Index Thin Films Prepared from Trialkoxysilane-Capped Poly(Methyl Methacrylate)-Titania Materials[END_REF] are in demand these days due to advancements in the optoelectronic industry, like ultra-fast data transmission [START_REF] Shambat | Ultrafast Direct Modulation of a Single-Mode Photonic Crystal Nanocavity Light-Emitting Diode[END_REF] , advanced sensors [START_REF] Carotenuto | New Polymer Additives for Photoelectric Sensing[END_REF][START_REF] Girault | Integrated Polymer Micro-Ring Resonators for Optical Sensing Applications[END_REF] , display devices, microlenses for imaging applications, biomedical applications [START_REF] Zhang | High Refractive Index Inorganic-organic Interpenetrating Polymer Network (IPN) Hydrogel Nanocomposite toward Artificial Cornea Implants[END_REF][START_REF] Zhang | Development of High Refractive ZnS/PVP/PDMAA Hydrogel Nanocomposites for Artificial Cornea Implants[END_REF] etc. Some of the polymers like poly(thiophene) and aromatic polyamides have high refractive index values of 2.12 and 1.57-2.05 at a wavelength of 632 nm [START_REF] Zhang | High Refractive Index Inorganic-organic Interpenetrating Polymer Network (IPN) Hydrogel Nanocomposite toward Artificial Cornea Implants[END_REF][START_REF] Rogers | Highly Amorphous, Birefringent, Para-Linked Aromatic Polyamides[END_REF][START_REF] Yang | Effects of Structure on Refractive Index of Conjugated Polyimines[END_REF][START_REF] Caglar | Electrical Conductivity and Optical Properties of ZnO Nanostructured Thin Film[END_REF][26][START_REF] Gaudiana | High Refractive Index Polymers[END_REF] . But some of these polymers need to be synthesized from monomers. Apart from the difficulty in the preparation of these kinds of polymer materials, some of these high index polymers absorb light in the visible region, have high optical dispersion and tend to be insoluble due to the presence of aromatic type highly conjugated π-electron structure [START_REF] Lü | High Refractive Index Organic-inorganic Nanocomposites: Design, Synthesis and Application[END_REF] . These limit their potential for use in practical optical applications and thus the development of high refractive index organic materials with better optical properties and related characteristics remains a challenge.

Polymer thin films can be prepared so as to study their properties and for specific applications, as mentioned earlier. Confinement effects on polymer thin 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 [START_REF] Vignaud | Densification and Depression in Glass Transition Temperature in Polystyrene Thin Films[END_REF][START_REF] Unni | Probing the Density Variation of Confined Polymer Thin Films via Simple Model-Independent Nanoparticle Adsorption[END_REF] . In a similar way, Huang reported the development of polymer metal oxide hybrid films, with tunable refractive index [START_REF] Huang | Optically Isotropic, Colorless, and Flexible PITEs/TiO2 and ZrO2 Hybrid Films with Tunable Refractive Index, Abbe Number, and Memory Properties[END_REF] .

An enhancement in the refractive index can be achieved by incorporating nanoparticles into the polymer matrix, an approach which opens up many avenues for existing and potential applications, due to their improved thermal, optical, mechanical and optoelectronic properties and due to the simpler synthesis techniques, in contrast to the conventional synthesis of high RI polymers as mentioned earlier [START_REF] Cheng | A Review on High Refractive Index Nanocomposites for Optical Applications[END_REF][START_REF] Liu | High Refractive Index Polymers: Fundamental Research and Practical Applications[END_REF][START_REF] Singh | Structural and Optical Study of Nanostructured Se80-XTe20Sbx (0≤ X≤ 12) Thin Films[END_REF][START_REF] Lenart | Structure-property Relationships of Polymer-Grafted Nanospheres for Designing Advanced Nanocomposites[END_REF] . The incorporation of high refractive index inorganic building blocks, for example, metal oxides and metal chalcogenide semiconductor nanoparticles into the organic matrix is an effective way to increase the refractive index without diminishing the optical transparency [START_REF] Tao | 2 Nanocomposites with High Refractive Index and Transparency[END_REF][START_REF] Incel | Null Extinction of Ceria@silica Hybrid Particles: Transparent Polystyrene Composites[END_REF] .

Numerous studies have focused on the physical properties of polymer thin film nanocomposites [START_REF] Chen | Glass Transition Temperature of Polymer-Nanoparticle Composites: Effect of Polymer-Particle Interfacial Energy[END_REF][START_REF] Eriksson | Influence of Drying Procedure on Glass Transition Temperature of PMMA Based Nanocomposites[END_REF][START_REF] Eslami | Molecular Dynamics Simulation of a Silica Nanoparticle in Oligomeric Poly (Methyl Methacrylate): A Model System for Studying the Interphase Thickness in a Polymer-nanocomposite via Different Properties[END_REF][START_REF] Roldughin | Effect of Hybrid Nanoparticles on Glass Transition Temperature of Polymer Nanocomposites[END_REF][START_REF] Zhu | Confinement-Induced Deviation of Chain Mobility and Glass Transition Temperature for Polystyrene/Au Nanoparticles[END_REF][START_REF] Boucher | Physical Aging of Polystyrene/Gold Nanocomposites and Its Relation to the Calorimetric Tg Depression[END_REF][START_REF] Mukherjee | Stability and Dewetting of Metal Nanoparticle Filled Thin Polymer Films: Control of Instability Length Scale and Dynamics[END_REF][START_REF] Chandran | Confinement Enhances Dispersion in Nanoparticle-Polymer Blend Films[END_REF] . The mobility and thermodynamic properties of polymer nanocomposites, when confined at nanometre length scales, differ greatly from properties in the bulk [START_REF] Chen | Glass Transition Temperature of Polymer-Nanoparticle Composites: Effect of Polymer-Particle Interfacial Energy[END_REF][START_REF] Eriksson | Influence of Drying Procedure on Glass Transition Temperature of PMMA Based Nanocomposites[END_REF][START_REF] Eslami | Molecular Dynamics Simulation of a Silica Nanoparticle in Oligomeric Poly (Methyl Methacrylate): A Model System for Studying the Interphase Thickness in a Polymer-nanocomposite via Different Properties[END_REF][START_REF] Roldughin | Effect of Hybrid Nanoparticles on Glass Transition Temperature of Polymer Nanocomposites[END_REF][START_REF] Zhu | Confinement-Induced Deviation of Chain Mobility and Glass Transition Temperature for Polystyrene/Au Nanoparticles[END_REF] . For example, Boucher et al. reported the effects of gold nanoparticles on the ageing, glass transition temperature and dynamics of polystyrene thin films [START_REF] Boucher | Physical Aging of Polystyrene/Gold Nanocomposites and Its Relation to the Calorimetric Tg Depression[END_REF] . In this study, of the thin nanocomposite films, it was found that an increase in the amount of gold nanoparticles decreases the calorimetric glass transition temperature and accelerates the physical ageing of the polystyrene thin films. Such behaviour could be attributed to the interactions existing between the polymer and the nanoparticles. Similarly, recent studies have shown that addition of nanoparticles to polymer films improves its stability against dewetting [START_REF] Mukherjee | Stability and Dewetting of Metal Nanoparticle Filled Thin Polymer Films: Control of Instability Length Scale and Dynamics[END_REF] . It is believed that segregation of the nanoparticles at the interface alters the interfacial energy. This in turn results in the enhancement of the stability of thin films. In another study by the research group of Chandran, the effect of confinement on the dispersion of the nanoparticle was studied [START_REF] Chandran | Confinement Enhances Dispersion in Nanoparticle-Polymer Blend Films[END_REF] . The dispersion is enhanced without altering the polymerparticle interactions due to the increased matrix-chain orientation propensity. Regarding the optical properties, the recent article by Matsumoto and group mentions about the development of colourless, transparent, high refractive index polymer composite films of polyvinyl alcohol (PVA) and tungstophosphoric acid (PWA) [START_REF] Matsumoto | Facile Preparation of High Refractive Index Polymer Films Composited with a Tungstophosphoric Acid[END_REF] . Highly transparent mesoporous polymer thin films were obtained by UV curing, in which the refractive index could be tuned by adjusting the filler content [START_REF] Li | Low-Temperature Fabrication of Mesoporous Titanium Dioxide Thin Films with Tunable Refractive Indices for One-Dimensional Photonic Crystals and Sensors on Rigid and Flexible Substrates[END_REF] . 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 [START_REF] Krogman | Anti-Reflective Optical Coatings Incorporating Nanoparticles[END_REF] .

Surface modified titanium dioxide nanoparticles were used to enhance the refractive index of the organic-inorganic hybrid film [START_REF] Takahashi | Modification of TiO2nanoparticles with Oleyl Phosphate via Phase Transfer in the Toluene-water System and Application of Modified Nanoparticles to Cyclo-Olefin-Polymer-Based Organic-inorganic Hybrid Films Exhibiting High Refractive Indices[END_REF] . Preparation of multilayered films with variable refractive index can lead to the development of thin films with desired refractive index [START_REF] Nolte | Creating Effective Refractive Index Gradients within Polyelectrolyte Multilayer Films: Molecularly Assembled Rugate Filters[END_REF][START_REF] Al Akhrass | Design of Crosslinked Hybrid Multilayer Thin Films from Azido-Functionalized Polystyrenes and Platinum Nanoparticles[END_REF][START_REF] Kurt | Structural Color via Layer-by-Layer Deposition: Layered Nanoparticle Arrays with near-UV and Visible Reflectivity Bands[END_REF][START_REF] Hammond | Form and Function in Multilayer Assembly: New Applications at the Nanoscale[END_REF] .

Polystyrene is a transparent polymer in the visible region and has a higher refractive index of 1.59 at a wavelength of 632 nm and is less expensive. Cerium oxide nanoparticles have a refractive index of 2.2 at a wavelength of 632 nm and are transparent in the visible region [START_REF] Chiu | Optical and Electrical Characterizations of Cerium Oxide Thin Films[END_REF] .

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 [START_REF] Unni | Probing the Density Variation of Confined Polymer Thin Films via Simple Model-Independent Nanoparticle Adsorption[END_REF] , the second method was to incorporate the ceria nanoparticle onto the cross-linkable polystyrene thin film [START_REF] Al Akhrass | Design of Crosslinked Hybrid Multilayer Thin Films from Azido-Functionalized Polystyrenes and Platinum Nanoparticles[END_REF] , while in the third method functionalized ceria nanoparticles were bulk mixed to the cross-linkable polystyrene [START_REF] Parlak | Toward Transparent Nanocomposites Based on Polystyrene Matrix and PMMA-Grafted CeO2 Nanoparticles[END_REF] 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 [START_REF] Parlak | Toward Transparent Nanocomposites Based on Polystyrene Matrix and PMMA-Grafted CeO2 Nanoparticles[END_REF][START_REF] Itoh | Effect of Core-shell Ceria/Poly (Vinylpyrrolidone)(PVP) Nanoparticles Incorporated in Polymer Films and Their Optical Properties[END_REF] . 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. To our knowledge, this facile approach has proved to be an efficient strategy, to enhance the refractive index of the thin films, to a great extent, without much complication, which opens up a plethora of applications.

Materials and Methods

Materials

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 1.3, hydrogen peroxide (H 2 O 2 ) (35 wt %), sulphuric acid (H 2 SO 4 ) (98%), and hydrofluoric acid (HF) were purchased from Sigma 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 8.3nm and polydispersity index of 0.26, measured by Dynamic Light Scattering. The stability of the nanoparticles was maintained at a pH of 1.5, by balancing the electrostatic forces and the hydration interactions 56 .

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 [START_REF] El Ouakili | Multiple Glass Transition Temperatures of Polymer Thin Films as Probed by Multi-Wavelength Ellipsometry[END_REF] . 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 [START_REF] Bal | Stability of Polymer Ultrathin Films (< 7 Nm) Made by a Top-down Approach[END_REF] . The Piranha treatment results in having hydroxyl groups on the substrate surface whereas the HF treatment removes the thin native oxide on the surface [START_REF] Unni | Probing the Density Variation of Confined Polymer Thin Films via Simple Model-Independent Nanoparticle Adsorption[END_REF][START_REF] El Ouakili | Multiple Glass Transition Temperatures of Polymer Thin Films as Probed by Multi-Wavelength Ellipsometry[END_REF][START_REF] Jiang | Stability of Adsorbed Polystyrene Nanolayers on Silicon Substrates[END_REF] .

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 1. A spin coating machine, SPS Spin 150i, was used for coating the thin films. Polymer solutions with a mass concentration 10 g/L in anhydrous toluene (99.8%) were prepared and kept aside for 24 h for better polymer dissolution. Prior to spin coating, the solution was filtered using a 200 nm poly tetra fluoro ethylene (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 of 20 g/L in anhydrous toluene. A representative image of the prepared thin film is shown in figure 1 (1)Toluene is used when compared to other low boiling point solvent such as Tetrahydrofuran (THF), as the low boiling point solvent get evaporated very fast such that the rapid evaporation of the solvent during the spin coating process itself leaves behind, pores or holes due to the vapour and thus the film get perforated [START_REF] Lai | An Investigation of Spin Coating of Electron Resists[END_REF] . 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 56 .

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 films were prepared as before. The cerium oxide (ceria) nanoparticles dispersions (0.05 wt %) were dropped over each prepared polystyrene thin film and were allowed to be adsorbed for 20 s (100 µl droplet was used for each 1 x 1 cm 2 Si wafer). To increase the nanoparticle (NP) adsorption density, 0.1 M of NaNO 3 has been added in the solution to screen the inter NP repulsive interaction. The solution was then removed as shown in the figure 4 and the surface was rinsed with pure nitric acid of pH 1.5 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 when the pH suddenly changes when it is washed with water. The films were then annealed at 160  C for 24 h in a vacuum oven. Figure 1 (2) is a representative image of the samples prepared.

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 [START_REF] Al Akhrass | Design of Crosslinked Hybrid Multilayer Thin Films from Azido-Functionalized Polystyrenes and Platinum Nanoparticles[END_REF][START_REF] Siretanu | Water-Ions Induced Nanostructuration of Hydrophobic Polymer Surfaces[END_REF] . 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. Figure 1(3) shows a representative image of the sample prepared.

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 [START_REF] Al Akhrass | Design of Crosslinked Hybrid Multilayer Thin Films from Azido-Functionalized Polystyrenes and Platinum Nanoparticles[END_REF][START_REF] Bang | Facile Routes to Patterned Surface Neutralization Layers for Block Copolymer Lithography[END_REF] . The cerium oxide nanoparticles were modified with MPS (3-(Trimethoxysilyl)propyl methacrylate) by using the method mentioned elsewhere [START_REF] Parlak | Anomalous Transmittance of Polystyrene-ceria Nanocomposites at High Particle Loadings[END_REF] . 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.

Characterization

Ellipsometry is a non-destructive technique, which allows for analysis of optical properties of thin films, including thickness and refractive index [START_REF] Unni | Probing the Density Variation of Confined Polymer Thin Films via Simple Model-Independent Nanoparticle Adsorption[END_REF][START_REF] Demydenko | Null-Ellipsometry Investigations of the Optical Properties and Diffusion Processes in Spin-Valve Structures Based on Co and Cu[END_REF] . This technique depends on the changes in polarization state of the light, after reflecting from a thin film. A spectroscopic ellipsometer (Horiba Jobin Yvon, UVISEL instrument), which has a xenon lamp as the light source, with a spectral range between 190 nm and 2100 nm, was used to measure the thickness and refractive index of the thin films. The instrument is controlled by DeltaPsi2 software platform. The measurements were all taken at ambient conditions (55% of relative humidity and at an ambient temperature of 20 °C). The refractive index spectrum n(λ) for all the films was fitted using a single layer model which consisted of a polymer layer and a silicon substrate. The fitting parameters were the refractive index of the polymer film and the angle of incidence. The refractive index of the polymer film was modelled using a transparent Sellmeier dispersion relation in the DeltaPsi2 software. The calculated optical constants and the thicknesses were determined by simultaneous fitting of the data obtained at three different incident angles (65°, 70° and 75°). The error for each angle was given from the fitting of the model and the measured data by the ellipsometry software. And the error bar used in the graph is from the software (fitting) and from the diversity of studied samples. The refractive indices can be measured with an absolute error of 0.002 [START_REF] Girault | Integrated Polymer Micro-Ring Resonators for Optical Sensing Applications[END_REF] .

The topography of the films was studied using an Atomic Force Microscope (Multimode, NanoscopeIIIa) in tapping mode of operation. In the AFM, a nanometre size tip, on a cantilever, scans the sample surface and the tip is attracted to or repelled by the surface of the sample by the intermolecular interactions (forces) between the atoms of the tip and the surface, leading to a deflection in the cantilever. The deflection of the cantilever is measured. The tip used had a resonant frequency of 300 kHz, and a spring constant of 40 N/m. The film thickness can also be measured using the AFM by making a scratch on the sample and scanning the scratch perpendicularly using the AFM tip [START_REF] Ton-That | Thickness of Spin-Cast Polymer Thin Films Determined by Angle-Resolved XPS and AFM Tip-Scratch Methods[END_REF] .

Results and discussion

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. The measured thickness and refractive index of the sample are shown in figure 2. 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 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 [START_REF] Vignaud | Densification and Depression in Glass Transition Temperature in Polystyrene Thin Films[END_REF] .

Figure 2:

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).

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 [START_REF] Vignaud | Densification and Depression in Glass Transition Temperature in Polystyrene Thin Films[END_REF][START_REF] Unni | Probing the Density Variation of Confined Polymer Thin Films via Simple Model-Independent Nanoparticle Adsorption[END_REF][START_REF] Jiang | Stability of Adsorbed Polystyrene Nanolayers on Silicon Substrates[END_REF][START_REF] Li | Contact Angle of Water on Polystyrene Thin Films: Effects of CO2 Environment and Film Thickness[END_REF] . 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.This renders lower entanglement of the polymer chains thereby leading to a higher order of orientation 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 [START_REF] Ata | Free Volume Behavior in Spincast Thin Film of Polystyrene by Energy Variable Positron Annihilation Lifetime Spectroscopy[END_REF][START_REF] Ata | Anisotropy and Densi Fi Cation of Polymer Ultrathin Fi Lms as Seen by Multi-Angle Ellipsometry and X-Ray Re Fl Ectometry[END_REF][START_REF] Mondal | Study of Thickness Dependent Density in Ultrathin Water Soluble Polymer Films[END_REF] . 

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 4. The annealing was carried out at 160 deg C for 24 hours so as to remove the entrapped solvent molecules [START_REF] Perlich | Solvent Content in Thin Spin-Coated Polystyrene Homopolymer Films[END_REF] . In addition, fast solvent evaporation used in the spin-coating 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 [START_REF] Reiter | Residual Stresses in Thin Polymer Films Cause Rupture and Dominate Early Stages of Dewetting[END_REF] .The annealing the thin film, well above the glass transition temperature leads to a relaxed polymer thin film [START_REF] Kanaya | Annealing Effects on Thickness of Polystyrene Thin Films as Studied by Neutron Reflectivity[END_REF] .

The thickness and the refractive index of the thin films were measured using ellipsometry and are shown in figure 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 [START_REF] Maldovan | Validation of the Effective-Medium Approximation for the Dielectric Permittivity of Oriented Nanoparticle-Filled Materials: Effective Permittivity for Dielectric Nanoparticles in Multilayer Photonic Composites[END_REF] . 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 [START_REF] Schneiderman | 50th Anniversary Perspective: There Is a Great Future in Sustainable Polymers[END_REF] . The AFM images of the polystyrene thin film sample with ceria nanoparticles dropped onto it is shown in figure 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. 

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 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 [START_REF] Lenhart | Influence of Cross-Link Density on the Thermal Properties of Thin Polymer Network Films[END_REF][START_REF] Carroll | Photoactive Additives for Cross-Linking Polymer Films: Inhibition of Dewetting in Thin Polymer Films[END_REF][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 leads 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. [START_REF] Al Akhrass | Design of Crosslinked Hybrid Multilayer Thin Films from Azido-Functionalized Polystyrenes and Platinum Nanoparticles[END_REF][START_REF] Bang | Facile Routes to Patterned Surface Neutralization Layers for Block Copolymer Lithography[END_REF] 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 [START_REF] Carroll | Photoactive Additives for Cross-Linking Polymer Films: Inhibition of Dewetting in Thin Polymer Films[END_REF] . The sample thickness was also measured using the AFM and the result is in agreement with the ellipsometry measurements. The measurement data is shown in Table 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 Tip-Scratch 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 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 [START_REF] Carroll | Photoactive Additives for Cross-Linking Polymer Films: Inhibition of Dewetting in Thin Polymer Films[END_REF][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, crosslinked and non crosslinked are shown in figure 9. It can be seen that the crosslinked samples have lower dewetting when compared to the non-crosslinked samples. Akhrass et al.

studied the influence of the cross-linking density on film dewetting [START_REF] 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 crosslinking density, the relaxation time increased dramatically which suggested an almost infinitely long relaxation time. The ellipsometric measurement results, shown in figure 10, indicate that the refractive index increased on addition of the ceria nanoparticle. 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 led to the reduction in the free volume which in turn resulted in the densification effect.

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. AFM images (figure 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 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 found to be a weighted average of the properties of the individual constituents, without losing any other desirable properties [START_REF] Incel | Null Extinction of Ceria@silica Hybrid Particles: Transparent Polystyrene Composites[END_REF][START_REF] Wang | Transparent and High Refractive Index Thermoplastic Polymer Glasses Using Evaporative Ligand Exchange of Hybrid Particle Fillers[END_REF] .

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 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 
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 1 Figure 1: A schematic showing various modalities employed to prepare the thin films 2.4. Preparation of neat polystyrene thin films
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 3 Figure 3: Schematic of the increase in refractive index with the reduction in the thickness
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 4 Figure 4: 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)

Figure 5 :

 5 Figure 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).

Figure 6 :

 6 Figure 6: AFM image of the ceria dropped polystyrene thin film.
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 7 Figure 7: Digital Photograph of the samples, before UV curing, showing bluish violet colour (a) and after UV curing, showing golden yellow colour (b).
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 8 Figure 8: A schematic showing the reduction in the thickness after cross-linking
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 9 Figure 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. 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.
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 10 Figure 10: Thickness and refractive index of crosslinked polystyrene-ceria nanocomposite thin films(the error bar of the thickness is too low to be visible)
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 11 Figure 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)
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 12 Figure 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)

  

  

  

  

Table 1 : Thickness measurements using ellipsometry and AFM

 1 

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

to engineer the refractive index thereby reducing the refractive index mismatch and thus leading to better energy efficient applications. We believe this work demonstrate that polymer thin films with higher refractive index could be achieved 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.
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