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EXPERIMENTAL AND THEORETICAL

APPROACHES TO THE PROPERTIES OF

HIGH TEMPERATURE AQUEOUS

SOLUTIONS: Our interest in aqueous
solutions at high temperatures is
motivated by the role they play in
such process as mineral transport
and deposition, hydrocarbon accu-
mulation, electric-power-boiler cor-
rosion, and the utilization of
hydrothermal reservoirs.  The long-
term goal is understanding predic-
tion of solution properties.  
On the experimental side, instru-
ments have been developed to make
more accurate and rapid measure-
ments of the heat capacities and
densities of aqueous solutions at
temperatures to 425 C and pres-
sures to 350 atmospheres (atm).
The instruments are unique and
allow us to explore the spectacular-
ly large effects of adding solutes on
heat capacities and volumes of solu-
tions near the critical point of
water.  More recently, we have
developed instruments for measur-
ing conductance in this tempera-
ture range.  All salts are weak elec-
trolytes at these temperatures and
the conductance measurements
allow us to measure their associa-
tion equilibria.  These association
reactions have a large effect on
water-rock equilibria.  
SIMULATIONS.  In order to under-
stand our natural environment, geo-
chemists need to know the proper-
ties of aqueous solutions at the
extremes of temperature and pres-
sure at which they occur (at least to
1200 C and 10,000 atm).  It is too
time-consuming to do experiments
on all possible natural species, so it
is important to develop predictions.  
We first construct approximate
models of forces in aqueous solu-
tions in order to predict by comput-
er simulation the properties of very
high temperature aqueous solutions
(to 1200 C and 10,000 atm).  We
then calculate trajectories of about

250 molecules.  The temperature
and pressure of the simulation are
easily adjusted.  Finally, we calcu-
late all the thermodynamic proper-
ties of this model.    
Then, in collaboration with Prof.
Doren, we are using quantum
mechanics to calculate the differ-
ence between our approximately
models and accurate quantum mod-
els.  Thus we calculate free energies
and structures of our accurate quan-
tum models.
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