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The thesis contains eight Chapters and is structured as follows. In the Chapter 1 entitled “General Introduction”, the author
has provided a general introductory overview of vibrational spectroscopy with special emphasis to the background, motivation, scope
and future prospective of each of the molecular systems studied.

In Chapter 2, starting from a detailed introductory survey, the present layout of the experimental arrangement has been provided
with a discussion of the ¢-C;H, production mechanism, the FTIR spectral detection and its analysis including the details of the
electronic structure calculations performed. The rotationally-resolved high-resolution FTIR spectrum of the lowest-bending
vibrational mode of the title molecule has been analyzed for the first time, and the molecular constants obtained from a least-squares
fitting analysis have been compared with the corresponding constants previously reported using a millimeter-wave study. Finally, the
reproducibility of various properties by the adopted electronic structure methods tested has been discussed with a view to
demonstrate an appropriate functional which might be used for the prediction of molecular properties of similar types of molecules.
In Chapter 3, a detail of the experimental arrangement of a hollow cathode discharge configuration which was initially built for the
production and measurement purpose of H,;Br" has been provided with an introduction survey of the pure rotational and
vibration-rotational spectral studies of HBr. The observed high-resolution FTIR spectrum has been analyzed in the mid-infrared
region to give two new hot bands in addition to several missing lines (in the 2390 — 2265 cm™' region) of the Av = 1 low-lying states
of H¥'Br and isotopic analogue H”Br for the first time. The molecular constants obtained have been discussed in comparison with a
large number of previously reported absorption and emission spectral investigations and quantum chemical calculations to validate
the conclusions. Chapters 4 and 5§ are fully focused on the DFT based electronic structure calculations of three topologically
different tetradentate ligand molecules N,N"-bis(2-hydroxyethyl)-ethane-1,2-diamine,
N,N-bis(2-hydroxycyclohexyl)-ethane-1,2-diamine) and N,N"-bis(2-hydroxycyclopentyl)-ethane-1,2-diamine have been performed in
vacuo and in aqueous solution simulated using a polarized continuum medium Finally, the intra-molecular interactions have been
used to conclude on the reliability of the quantum theory of atoms in molecule of Bader and the natural bond orbital analyses
techniques which are often used to characterize such interactions. In Chapter 6, we have summarized theoretical studies of the Ni*"
complexes of the amino-alcohol ligand molecules discussed in Chapters 4 and 5, with a detail analysis of the bonding topology of the
ligating atoms in coordination with the metal ion, to demonstrate the importance of factors that control stability constants. Chapters
7 deals with the DFT study of octahedral complexes Co®* in an ammine-aquo environment while Chapter 8 deals with the DFT
studies on the 7-coordinate [M(15-Crown-5)(H;0),] molecular complexes where the new chemistry of these complex systems has

been evolved in conjunction with the bonding topology, charge-transfer mechanism etc. to explain the experimentally determined

formation constants of the these systems.
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