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Abstract
1. 2-Picoline Pyrolysis Mechanism and the Discovery of Molecular Catastrophe Phenomenon  2-picoline was selected as coal-related N-containing model compound to study the migration rule of nitrogen in coal, and a detailed pyrolysis mechanism of 2-picoline via N-containing analogue of norbornadiene intermediate has been obtained using density functional theory. The N in 2-picoline migrated into HCN finally via the proposed mechanism, and five transition states and four intermediates were determined. The rate determining step was the H migration from methylene of N-containing analogue of norbornadiene to N in the pyrolysis of 2-picoline by kinetic analysis, which provided important information for coal cleaning. More importantly, the configuration catastrophe phenomenon of molecular ring inversion was found in the formation of N-containing analogue of norbornadiene intermediate, which is not only the action of intermolecular repulsion, but also includes the chemical effect between atoms based on the potential energy change. 
2. The Description of Molecular Catastrophe Phenomenon  Euler arch model was selected firstly to describe the catastrophe phenomenon of molecular configuration in the pyrolysis of 2-picoline. The corresponding relationship between molecular microscopic parameters and mechanical quantities in Euler arch was determined, and the condition of occurring catastrophe was found. Then, we further developed the more precise model to describe the molecular catastrophe phenomenon. The macroscopic structure composed of circular plate, conical shallow shell and annular plate has been studied by using finite elemental analysis program ANSYS/LS-DYNA. The snap-through phenomenon of this structure under uniformly distributed load was investigated and the displacement-time curve of the circular plate center was obtained with different elastic modulus and thickness of composed structures. The systemic analogy between the snap-through in macroscopic structure and the discontinuous displacement change in microscopic molecular ring was analyzed, which gave further description for the mechanical essence of configure catastrophe phenomenon of molecular ring inversion commonly existed in reaction mechanism.
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