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Abstract

A model is proposed for reactions of thermal decay of the polyethylene chain in the presence of a
tensile force acting along the axis of the molecule. The reaction of an isolated chain is studied with the
molecule of octane as a model of polymer molecule. It was shown previously that eight carbon atoms are
sufficient for the solution of such tasks. The deformation was introduced to the model by fixing the distances
between the terminal carbon atoms different from that in equilibrium. At a fixed length of the molecule (L) the
reaction coordinate, the length of the middle C-C bond (R) was scanned. Thus a section of the potential energy
surface of the reaction at L=const was obtained. From the set of cross-sections at different L parameters of the
initial and transition states for the reaction of free molecules were obtained. This calculation takes into
account that the original molecule is a singlet, whereas the products are two radicals, using the method of
splitting the molecules into fragments, which is implemented in GAUSSIAN-09. On the basis of the quantum-
chemical calculations by the methods B3LYP, LC-oPBE, MP2, CCSD(T) using basis sets 6-31+G*, 6-
31+G** was estimated the sensitivity of the reaction to strain. The parameter characterizing sensitivity of the
reaction to deformation (strain) is the elongation of the model molecule in the transition state. All methods
showed that the chain rupture of the polyethylene occurs when the elongation on the order of 1 A. The
calculation results show that in all cases, the rupture of molecules such as polyethylene is accelerated by the
action of tensile deformation. The results obtained confirm the known data on the nature of the influence of
deformation of reaction center upon the activation energy of the elementary processes. This is illustrated by
the data obtained for the rupture of octane representing a fragment of polyethylene chain. Stretching of the
chain brings the reagent closer to the transition state and thus reduces the activation energy (in this case, the
dissociation energy of the activated bond).
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