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Recent experiments indicate [1] a possible symmetry breaking between gelation
and network degradation processes in contrast to the predictions of percolation
models and classical mean field models. This problem is analyzed by large scale
computer simulations with a focus on reaction kinetics and loop formation, since
these factors contribute to a non-ideal position of the gelation threshold and these
may indeed cause a symmetry breaking [2]. In contrast to these, corrections
known from “percolation with a range” models (describing the transition between
the classical nearest neighbor percolation problem and the mean field solution
[2]) cannot break the symmetry.
Simulation data and numerical modeling [3] show that loop formation is asym-
metric as a function of conversion leading to a slightly lower gelation threshold
(in terms of conversion) when breaking the network. This is in qualitative agree-
ment with the experimental data. Moreover, reaction kinetics couples to the con-
tact statistics between objects of different architecture, which leads to significant
deviations from a random distribution of reactions at the cross-links. Since this
distribution narrows with decreasing concentration, it provides a second correc-
tion to the gel point that increases in amplitude with decreasing concentration.
Predictions for this effect can be derived by considering model predictions for the
contact statistics.
Close to the overlap concentration or below, the approximation for the contact
statistics starts to break down. In this concentration regime, the reaction partners
have to diffuse and to rearrange conformations upon reactions. These effects lead
to further deviations from symmetry as diffusion or a change in conformations are
not necessary to break a bond.
Altogether, these results imply that the degree of symmetry breaking is trig-
gered by the molecular architecture implying a significant asymmetry for end-
linked model networks at low concentrations, whereas this effect is nearly not
detectable for networks made of star polymers, if pending loops are suppressed.
In any of these cases, the asymmetry increases with decreasing concentrations.
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