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ABSTRACT

One of the crucial factors in implementation of nanomaterials for fabrication of devices with
desired function is precise control of their dimensions. Novel applications of these materials are
attainable due to extraordinary chemical and physical properties governed by their shape and
size. Designing nanostructures of desired morphology require development of new synthetic
protocols to stimulate structural alterations in templates, modulating the architecture of nano-
metric structures. Systematic efforts have been made to design variable templates for fabrication
of fascinating nanostructures. Self-assembly of amphiphillic molecule results in nanostructures
of diverse size and shape which can be used for tailored synthesis of nanomaterials. This thesis is
an endeavour to develop structural modifications in a tunable soft template, reverse micelles and
to evaluate the growth of nanostructures within these nanotemplates. Small-angle X-ray
scattering (SAXS) studies were performed to elucidate the morphology and dimensions of these
nanotemplates.

Chapter 1 provides details regarding various shape and size dependent properties of
nanomaterials, variable templates used for the synthesis of nanomaterials, reverse micelles,
literature review and scope of the problem addressed in this thesis. In Chapter 2 synthetic
methodology for preparation of hydrotrope-based reverse micellar systems studied in this thesis
have been described.

In chapter 3 various aspects of structural transitions in the reverse micellar solution of a cationic
surfactant, cetyltrimethylammonium bromide (CTAB) with aliphatic headgroup have been
investigated. SAXS studies were designed to understand the effect of hydrotrope (sodium
salicylate) concentration and water-to-surfactant molar ratio (Wx) on the shape, size,
intermicellar interaction and other structural parameters in CTAB /butanol/water/isooctane

reverse micellar system. Hydrotrope location inside the micellar assembly is probed with the



help of 'THNMR studies on the basis of the changes in the environment polarity of the protons
upon its interaction with different components of reverse micellar system.

Chapter 4 demonstrates the morphology of reverse micellar system of a cationic, quaternary
pyridinium surfactant was tuned by varying the hydrotrope concentration. SAXS studies were
performed on cetylpyridinium bromide/butanol/water/isooctane reverse micellar system to
understand the effect of salicylate ion concentration on the dimensions of these systems.
Formation of reverse-worm like micelles was evident in these systems. Also interaction between
aromatic surfactant headgroup and salicylate ion was investigated with the help of proton NMR
studies.

Chapter 5 presents the effect of nature of co-surfactant and organic solvent on the structural
aspects of CTAB/hexanol/water/heptane reverse micellar system. SAXS studies have been
carried on these reverse micellar assemblies by varying concentration of sodium salicylate and
Wx. Herein , the bridging interactions between hydrotrope-based CTAB/heptane reverse micellar
droplets came into picture and is described in terms of stickiness parameter calculated with the
help of Baxter sticky hard-sphere model.

Chapter 6 deals with understanding the growth mechanism of formation of anisotropic YF3
nanobundles in CTAB/pentanol/aqueous/cyclohexane reverse micellar system. YF3 is an
important host lattice material for visible and infra-red emission lanthanide-doped upconversion
nanoparticles (UCNPs) due to their low phonon energy and thus preventing quenching of excited
states of the rare earth ion. Thus, elucidating the fundamental mechanism behind formation of
bundle-like morphology of YFs is helpful in developing synthetic strategies for other
morphologies and hence helpful in modulating the optical properties of the UCNPs. YF3 bundles
were obtained by mixing reverse micelles loaded with YCIs and NaF as aqueous phase. Series of
time-dependent SAXS measurements were performed to understand morphological evolution of

YF3 nanobundles within CTAB/cyclohexane reverse micellar pool.
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