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Abstract:
Atomic and molecular processes are of significant importance in astronomy. Accurate rate
coefficients of these processes allow us to probe conditions in space and understand the history of the
Universe. Even though experimental data are usually more reliable than theoretical, such processes as
three-body recombination or collisions involving radical species at temperatures relevant for
astronomical environments are very difficult to study experimentally. One of the objective of this
dissertation is to develop and apply a number of theoretical approaches to study such processes for
which experimental methods are not available or very expensive. Additionally, this dissertation aims to
provide theoretical data, which are not available and to set directions for future studies.
In the dissertation defense, theoretical tools for three-body collisions will be presented and applied
to the three-body recombination of H+H+H → H 2+H, the process by which molecular hydrogen was
formed in the primordial Universe. Using a fully quantum-mechanical approach, state-to-state rate
coefficients are computed. The contribution of the Jahn-Teller effect to the total rate coefficient of the
process was also considered. Among other results, a nascent rovibrational population of the H 2
molecules formed in the recombination process, is found to be dominated by highly excited
rovibrational levels, which could have a substantial impact in some astrophysical models.
In addition, a novel simplified approach for dissociative electron attachment to polyatomic
molecules will be presented. The approach is applied to the reaction H 2CN+e- → CN- +H2. Although
this reaction is exothermic, it is found that the estimated rate coefficient is too small to contribute to
formation of CN- in the interstellar medium. Therefore, the recent astronomical observation of CN - in
the interstellar medium remains enigmatic.
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