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Summary 

 

This thesis describes theoretical studies of atom-molecule and molecule-molecule rotationally 

inelastic collisions. Rotationally inelastic scattering of molecules, involving the transfer of energy 

and momentum, plays an important role in many physical and chemical reactive and non-reactive 

processes. Quantum state-to-state resolved differential cross section and integral cross section 

provide the most detailed information about the specifics of these collision processes. The goal of 

this work was to investigate some specific benchmark cases of scattering calculations by both the 

quasi-quantum treatment and the fully quantum mechanical close-coupling methods, in the hope to 

provide insight in the dynamical mechanisms occurring in molecular collisions. 

Chapter 2 describes the collision energy dependence of the rotationally inelastic differential 

cross-sections associated with an atom-diatom scattering processes. Within a quasi-quantum 

treatment, we derive a series of analytic expressions that strictly describe the collisional energy 

dependence, and we show that these relationships also approximately hold for the rigorously 

calculated quantum-mechanical DCSs. This allows the designation of particular (energy-dependent) 

scattering angle ranges, which can be associated with specific features of a state-of-the-art ab initio 

PESs. Although example calculations are shown for the NO+He system, the work presented here is 

easily extended to any atom-diatom collision system. 

Chapter 3 presents a modified QQT method to study NO-He rotationally inelastic scattering 

at a collision energy of 508 cm-1. As we know the regular QQT approximates the potential energy 

surface as a hard shell contour extracted from the Vsum potential corresponding to the collision energy. 

But this approximation has the limitation that it cannot distinguish glancing or head-on collisions. 

For glancing collision, rarely collisional energy is transferred into rotational energy, while for head-

on collision, almost all the energy is transferred. In the modified QQT, the PESs is taken as a series 

of stepped hard-shell contours, which is set equal to the amount of collision energy transferred into 

rotational excitation. By this way, different kinds of collisions correspond to different hard shells. 

The integral and differential cross sections calculated by modified QQT produce a much better 

agreement with exact QM results than those obtained by regular QQT, particularly in the forward 

scattered direction. 

Chapter 4 describes an extension of the quasi-quantum treatment of NO-He inelastic scattering 

from spin-orbit state conserving transitions in pure Hund’s case (a) to spin-orbit changing transitions 

in mixed Hund’s case. The quantum state-to-state resolved integral and differential cross sections in 

both spin-orbit state conserving and changing transitions are obtained by QQT and QM methods. 

This extension of the QQT model provides insight into the underlying mechanism that brings about 

the spin-orbit state excitation and as such offers a focus for future work. 

Chapter 5 presents the rate coefficients of para-ortho H2 conversion in collision with O2 

molecules. State-to-state cross sections for collision-induced rotational excitation of both H2 and O2 

molecules are calculated by the fully quantum-mechanical close-coupling method. Both 

mechanisms that can convert para-H2 into ortho-H2, i.e., magnetic dipole-dipole coupling and Fermi 

contact interaction are considered. The theoretical para-ortho H2 conversion rate coefficients are 

compared with the experimental data at room temperature, thus obtaining good agreement. 

 


