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In this seminar, we will present recent theoretical advances in studying the fundamental processes 
related to chemical reactivity. In particular, we will distinguish between approaches based on 
kinetics theory and how/when dynamical effects can modify the outcomes of kinetic theories. In 
particular, RRKM and Transition State Theories will be discussed and deviations from that examined.  
 
RRKM theory is typically used in the context of gas phase chemistry, and it can be used from 
molecular information as well as from chemical dynamics simulations. Deviations from this theory 
regard mainly non-equilibration of the reactant state and non-trivial post transition state dynamics. 
Chemical dynamics simulations are able to identify such effects leading to a better interpretation of 
experimental data. 
  
Transition State Theory has its ground in the canonical ensemble, which is the typical choice for 
solution chemistry. Direct dynamics can be used to confirm some of the assumptions of the theory 
and, eventually, to add corrections. In particular, a combined use of enhanced sampling methods 
(like Umbrella Sampling) and direct dynamics can shed light to the interplay between kinetics and 
dynamics. 
 
Finally, we will show the importance of considering nuclear quantum effects when studying reaction 
dynamics. At this end, we will discuss the use of Path Integral based molecular dynamics simulations.  
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