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ABSTRACT

A great deal of attention has been focused in recent years to develop catalytic methods for
the synthesis of homo-/heteroatom, Si-E (E = Si, O, N, P) bonds. These studies have
offered an attractive alternative to traditional routes for the synthesis of wide ranging
molecular as well as oligomeric/polymeric structures with control over their molecular
weight and dimensionality. The work embodied in the thesis is devoted to the synthesis
and characterization of hitherto unknown cyclotetrasiloxanes, [RMe,SiCH,CH2(Me)SiO],
(R = Ph, 2-thienyl, 2-furyl) and [R'SCH,CH,(Me)SiO], (R* = n-Bu, n-Hex, dodecyl,
CH,COOH, CH,CH,COOH, CH,CH,0OH) and their application as scaffolds for the
construction of stable gold nanoparticles (AuNPs) which are of relevance to catalysis.

The content of the thesis is divided into five chapters. The introductory chapter deals with
a brief review on recent developments in the synthesis, structural aspects and applications
of functional organosilicon compounds containing silicon-oxygen bond(s). In chapter II,
synthetic methods and the analytical/instrumental techniques for the characterization of
compounds/AuNP assemblies are included. Chapters I11-V are devoted to the results and
discussion of the present work.

Chapter 111 relates to synthesis, characterization and X-ray crystallographic studies of the
cyclosiloxanes, [RMe,SiCH,CH(Me)SiO],4 (R = Ph, 2-thienyl, 2-furyl) bearing appended
sila-alkyl groups. X-ray crystallographic studies reveal that the structures represent a
scarce family featuring an all-trans conformation of Si-Me groups with respect to the
siloxane core. The formation of three-dimensional supramolecular self-assembly is
effected by extensive C-H---m interactions. The scope of these functional cyclosiloxanes
for the stabilization of gold nanoparticles has been examined in detail. The results reveal
that these molecular cyclosiloxanes are interesting scaffolds to afford the formation of

AuUNP assemblies featuring nanowire-like morphology. Chapter IV deals with the



synthesis of functional cyclosiloxanes bearing thioether groups of varying alkyl chain
lengths as well as additional terminal carboxylic acid or hydroxyl group. Further studies
have shown that these thioether-substituted cyclosiloxanes act as tetrapodal ligands to
provide long term stability to gold nanoparticles (AuNPSs) in solution. The role of varying
alkyl chain lengths of thioether groups appear to be significant in modulating size and
self-organization of AuNPs. The results obtained from transmission electron microscopy
(TEM) reveal that long n-hexyl/dodecyl chains favor organization of mono-dispersed
AUNPs of average size of 7-9 nm. On the other hand, stabilization of AuNP surface with
the cyclosiloxane, [R'SCH,CH.(Me)SiO]s (R* = CH,CH,COOH) allows the formation of
super structures of nearly 100 nm size which are made up by stacking of discrete
spherical shaped AuNPs of average size of ~ 10 nm. The application of these AuNPs as
catalysts for oxidation of organosilanes, R,SiH, (R = alkyl or aryl) as well as reduction of
nitroarenes is discussed in chapter V. Since hydrolytic oxidation of organosilanes requires
a biphasic water-chloroform medium, we carefully monitored physical changes that took
place during the course of these reactions under AuNP-catalyzed conditions. A notable
revelation during the course of these studies is the formation of gold-stabilized water in
chloroform “Pickering emulsion” which acts a unique catalyst with excellent activity and
selectivity to afford the transformation of secondary organosilanes to the corresponding
1,3-dihydrotetraorganodisiloxanes. Similar reactions with primary organosilanes, RSiH3
(R = Ph, PhMe,SiCH,CH,) reveal a facile formation of linear poly(hydrosiloxane)s with
M,, = 3000-5500 and PDI = 1.2. In addition, the AuNPs are found to be active catalyst for
the synthesis of aminoarenes via reduction of the nitroarenes using NaBH, as the
reducing agent. A comparative assessment of the rate constants (k) with those reported
earlier for similar transformation suggest high catalytic efficacy of the AuNPs under

study.
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