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4. Scientific Progress and Accomplishments
Local-Density-Enhancement Effects on Competing Transition States

Combustion, whether in the gas phase or in SCW, involves a series of branched and
competing reaction processes. To determine the role played by supercritical solvent
compressibility and local density enhancements in supercritical water oxidation (SCWO) during
heat-up, cool-down, or other “lower” temperature reactor phases, it is necessary to understand
how local density enhancements affect reaction branching from competing transitions states. To
examine this question, we considered a model dipolar reaction in supercritical fluoroform,
because available experimental results for such a system suggested that local densities could
reverse the branching ratios from those expected in the absence of compression. Our work
demonstrated that while local density enhancements could, in theory, generate such a reversal in
reaction branching ratios, in practice such extreme behavior is highly unlikely to be observed.
This result arises because the energetic magnitude of the compression effects is insufficient to
overcome the longer-range solvation effects which are not affected by the solvent compression
and thus change in more expected ways with density. However, it was found that more moderate
compression effects on the branching ratios are likely for dipolar transition states, even down to
surprisingly low densities.



Microscopic Viscosity under Supercritical Conditions

We next examined the degree to which reaction-path-dependent local density changes
would alter viscosity effects on reactions in SCW under compressible conditions. We again
considered a reaction for which experimental rates were available, the hydrolysis of anisole in
water under supercritical conditions. At the microscopic level. viscosity effects are controlled by
two main parameters of the friction kernel (that is, of the microscopic viscosity action on the
reaction coordinate). These are the magnitude and the time scale of the friction. Both of these
parameters were found to be sensitive to the temperature, pressure, reaction-path-position and
solvent compressibility. In particular, in regions of high solvent compressibility, friction
magnitudes increased (at least in the transition state region) and lifetimes lengthened
dramatically. Both of these trends suggest that viscosity-induced transition-state recrossings
(which would reduce the rate constant from it’s expected Transitions State Theory value) might
become significant in the compressible regime of SCW.

Viscosity Effects on Reaction Dynamics under Supercritical Conditions

A Reactive-Flux counting techniques was then used to examine the reaction dynamics of
the anisole hydrolysis reaction directly, in order to follow up on these suggested effects. The
expected solvent-compression-induced viscosity effects were indeed observed. However, the
magnitude of the forces due to these effects were found so be insufficient, relative to the
magnitude of the underlying potential energy driving force, to cause more than a very limited
number of transitions state recrossings. Consequently, the impact of these effects on the reaction
rate constants should be small. Consequently, our results suggest that such compression-induced
recrossing effects can probably be neglected in SCWO rate calculations without introducing
significant error.

Hydrogen Peroxide Dissociation

Subsequent to these more general studies of supercritical solvent effects on reactivity, we
began a specific examination of a key player in controlling SCWO rates, the hydrogen peroxide
dissociation reaction in SCW. High-level correlated ab initio calculations, completed in
collaboration with Dr. Peter Taylor at the SDSC, were performed to determine the dependence of
the solute charge distribution for this key reaction. It was found that these correlated methods,
which reflect the geometric changes of the complex along its reaction path much more accurately
than do Density Functional Theory (DFT) calculations, also predict a substantially different
reaction-path-dependence for the charge distribution than do the DFT calculations. Additionally,
ab initio studies of the reactant H,O, complexed with 1 or 2 water molecules, as well as studies
of this complex immersed in a dielectric continuum both indicate that polarization effects may
alter the solute charges by as much as 30%, suggesting that fixed charge models of the solvent
effects on this reaction may be highly inaccurate. These studies of the hydrogen peroxide
reaction clearly indicate the directions which need to be taken by future studies in order to
accurately characterize the SCW solvent effects on this reaction during SCWO processes.



