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Abstract 
 
This research explores the applications of a new statistical formulation of the 
interactions between the basic constituents of the macromolecules, the conformers, to 
describe mathematically the source of flow and motions in polymers, the 
manifestations of the rubbery behavior and the glass transition, and re‐define the 
concept of entanglement, the corner stone of polymer physics. The new statistics, 
called the Grain‐Field Statistics (GFS), is the accomplishment of a process of 
recursive steps between novel experiments and modeling which took many years of 
research. The GFS applies to the whole set of conformers belonging to all the 
macromolecules present. A dissipative factor is introduced in the equations that define 
the evolution of the conformers statistics, which corresponds to the split of the 
interactions between the conformers into two populations and induces a dynamic 
compensation between entropic and enthalpic forces. This dynamic dual‐splitting 
manifests itself in many aspects of the behavior of polymer chains, in particular it 
occurs as the chain length increases beyond a critical value, creating “entanglements”. 
This GFS view of entanglements led to the discovery of the entanglement network 
instability, triggered by melt processing conditions never predicted nor practiced 
before, a result unexplained by the current models. These results challenge the 
currently established view in polymer physics that the properties of polymers are 
characterized by the entropy of a single chain embedded in a mean field formed by its 
interactions with neighboring chains. The new physics describes as well as the current 
models linear and non‐linear visco‐elasticity in steady state and in transient regimes 
and the thermodynamic behavior of long chain molecules, yet it also suggests 
unthinkable new experiments such as the possibility to use plastic materials to store 
energy as a battery cell would do, releasing the stored energy under heat, perhaps 
solar heat. 


