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PREFACE

The amino functionalized micropatterned polymer and hybrid composite films
have attracted much attention due to their inherent ability to be used for various
biological and energy storage applications. The amino functionality inside the
concavities of the pattern endowed the patterned film with favorable properties for
further modification of the film for various biological applications like immobilization
of biomolecules by simple chemical reactions. Furthermore, these hybrid films
possessed enhanced mechanical strength due to the accumulation of alumina particles
at the cavity wall. Micropatterned inorganic hybrid films have been well explored in
the literature, however, the amino functionalized micropatterned hybrid films
attracted much less attention. The breath figure method which utilized the mobile
array of water droplet condensed on the polymer solution surface as a template has
been employed for the fabrication of micropatterned polystyrene alumina
nanocomposite films. The amino-functionalized amphiphilic alumina particles used for
the hybrid film preparation migrate towards the water/solvent interfaces of breath
figures and stabilize the water droplets that condensed on the polymer solution
surface.

The present thesis is based on the patterning on polystyrene-alumina
nanocomposite film has been divided into five chapters. The first chapter presents the
overview of the micropatterned polymer films, with particular emphasis on breath
figure techniques and its mechanism which is a versatile method for the fabrication of
micropatterned polymer films. The different factors affecting the breath figure

mechanism and review of various synthetic strategies in this methods are some of

viii



other the aspects included. In addition, the specific objectives of the present thesis
were briefly described at the end of this chapter

The synthesis of amphiphilic modified alumina nano
particles and the importance of amino functionality on the
particle surface forms the subject matter of second chapter.

Here, the modification of nano alumina particles (SA) was

carried out by a silane modification followed by grafting with

polystyrene chain by free-radical polymerization with styrene in presence of benzoyl
peroxide (BPO). The styrene/ alumina molar ratios were varied to prepare modified
particles having different hydrophobic/hydrophilic (Hb/Hp) ratio. These modified
particles were characterized and the dispersion behavior was studied in various
organic solvents and in polystyrene matrix. We observed different dispersion
characteristics for amphiphilic-particles in solvents like tetrahydrofuran, chloroform
and carbon disulphide. The solvent characteristics and the interaction between the SA
particles with the solvents were responsible for the different dispersion behavior of
these particles.

The third chapter deals with the fabrication of amino functionalized
micropatterned polystyrene-alumina hybrid films by incorporating the amphiphilic-
modified alumina particles in polystyrene/THF solution. Breath figure technique has
been used to produce concavities on the surface of the film by simple casting of the
polystyrene-modified alumina suspension (PSA) in tetrahydrofuran on a glass
substrate. The concentration dependent morphological variation was probed by

analyzing film prepared from different concentrations (2.5 to 50 mg/mL) of PSA/THF
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solutions under optical microscopy, SEM and AFM. Uniform patterns
were observed at a concentration of 15 mg/mL. We were

successful in creating relatively uniform BF patterns with a BF

incompatible polystyrene with the aid of amphiphilic-modified
alumina particles. Such a particle-assisted mechanism suggests that the

physical and chemical properties of the particles decides final morphology of the BF
pattern. The particle loading of the amphiphilic-particles were varied from 1 to 5 wt %,
and the corresponding change in the morphology of the pores had been studied. The
results indicated that uniform BF cavities were formed at the dispersion loading
maximum of 3 wt %. The influence of Hb/Hp balance of the amphiphilic-modified
alumina particles on the BF morphology had been studied using THF as a solvent. The
effect of AS:VS modifier ratio on the BF morphology was also studied and a particle-
assisted breath figure mechanism has been proposed based on the observations.

The fourth chapter of the thesis emphasis the various parameters that influence
the BF patterns on the PSA hybrid film such as solvent, particle size and substrate. The
solvent effect has been studied with SA particles having different Hb/Hp ratio by
dispersing the particles in PS solutions of chloroform (CFM), carbon
disulphide (CS2), dichloromethane (DCM) and compared with that

of tetrahydrofuran (THF). We end up in different conclusions for

different category of solvents. The results further confirm the influence of
particle property like the dispersion characteristics and the interfacial behavior at the
water /solvent interface on the breath figure morphology formed on the PSA hybrid

film. Breath figure patterns were created using amphiphilic-modified alumina particles
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having average particle size of 20nm. The BF cavity size increased with the particle size
and the phenomenon was explained based on the difference in adsorption energy of
particles having different size. The polypropylene films were used as the substrate to
generate BF patterns using PSA suspensions under the same experimental condition as
that of glass substrate. The observations clearly indicated the substrate influence and
explained based on the interaction between substrate, the polymer matrix and the
solvent.

The fifth chapter deals with the fabrication of amino functionalized free-
standing amino functionalized micropatterned (amino-FSM) polystyrene-alumina
nanocomposite films by a simple casting method on a glass petri dish. The PSA
suspension in chloroform which create uniform BF cavities in the drop cast film was
selected for the FSM preparation. The morphological tuning was carried out by varying
the thickness of the film and the particle loading. The amino functionality on each film
was estimated by spectrofluorimeteric studies. Moreover, the
enhanced mechanical strength of the FSM due to the presence

of alumina particle were probed by nanoindentaion studies.

So, the enrichment of amino functionalities inside the cavity of
FSM via one step breath figure approach has many advantages in biological and
biotechnical fields owing to the ease of modification of the reactive amino ligand and
facilitates the selective immobilization of biomolecules to even other inorganic
nanoparticles. Finally, a summary and conclusion of the whole investigation was

described briefly.
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