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Abstract

A molecular system is generally viewed as a composite of two sub-systems of elec-

trons and nuclei which are drastically different on the basis of their dynamical time

scales. These two sub-systems, however are coupled by the Coulomb interactions.

The assumptions and approximations based on the inherent differences in the

dynamical properties of the electrons and nuclei are used to construct the picture of

a molecule. The resulting model of the molecular system explain and predict many

molecular processes very successfully. However, there are processes in which their

predictions do fail. Dissociation processes of highly charged molecular systems

provide a unique opportunity to examine and explore their nature in this regard.

Such studies are employed as a probe to investigate the regime and conditions of

the validity of assumptions and approximations that are otherwise remain valid in

the molecular processes.

This thesis is concerned with experimental as well as theoretical investigations to

explore some of the fragmentation properties of the doubly ionized molecular ions

of N2 and CO, which are isolectronic molecules with different symmetries but nearly

identical total ionization cross-sections. By combining ab initio calculations with

the experimental investigation of the kinematics of dissociative double ionization

of these molecules, we have identified various transient states contributing to the

dissociation process. Further we have quantified the BO and non-BO processes

therein. It has emerged as an important result because of the striking differences

between their observed proportions for these dications. The work reported in this

thesis empasize the relevance of such comparative studies.
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