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Abstract: Recent experimental investigations with a variety of crystalline and amorphous solids reveal that reaction kinetics do not conform to expectations embodied in Transition State Theory (TST) near equilibrium with the rate controlling secondary solid.  The ability to monitor changes in surface features of crystalline solids in real time (e.g., AFM and VSI techniques) has lead to new theories of rate governing processes, yet no agreeable model has been advanced for the behavior of glass.  Our experimental investigations have shown that the origin of deviation from TST expectation for 'peralkaline' glass (molar Na >Al +B) is due to ion-exchange (IEX) kinetics.  Diffusion of alkali cations from glass is accompanied by counter-diffusion of hydrogen species from solution.  Near equilibrium with silica polymorphs the IEX reaction is the dominant mechanism governing release of alkalis to solution.  IEX reactions also catalyze the rupture of the Si-O bond, such that release of H4SiO4 to solution is independent of the saturation state of the solution.  However, glass compositions characterized by equal proportions of Na to Al + B appear to behave in accordance with TST expectations.  These observations indicate that TST theory must be modified, and not necessarily discarded, to accommodate the new experimental data.
